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Diagnostic Workup

Heide J, Schmittel A, Kaiser D, Hinkelbein W (eds): Controversies in the Treatment of Lung Cancer.
Front Radiat Ther Oncol. Basel, Karger, 2010, vol 42, pp 1-14

Prognostic Factors in Histopathology of
Lung Cancer

Annette Fisseler-Eckhoff

Institute of Pathology and Cytology, Dr. Horst-Schmidt Clinic, Wiesbaden, Germany

Abstract
Carcinoma of the lung is the most common cause of cancer-related death in men and women.
Prognosis correlates strongly with stage of disease at presentation and to some degree with
the histological subtype of the tumor. Histological classifications of lung cancer were some-
what arbitrary and a matter of convenience. However, multiple lines of differentiation are
often found within a single tumor, if it is sufficiently sampled. The new therapeutic approaches
especially of non-small cell lung cancer place high demands on pathologists: a clear histo-
logical diagnosis with information on the predominant histological subtype is required,
obtained by using additional immunohistochemical methods. Using molecular methods, pre-
dictive and prognostic factors for adjuvant and neoadjuvant therapies can be identified in
tumor cells of small cell lung cancer and non-small cell lung cancer. Biological and molecular
factors known in this regard include the epidermal growth factor family and its receptors,
K-RAS mutations, neuroendocrine tumor differentiation, and nucleotide-excision-repair pro-
teins (ERCC1 and RRMT1). Thymidilate synthase is an interesting target for anticancer agents
such as the antifolate pemetrexed. Given the aspect of individualized lung cancer therapy, the
collective term small cell/non-small cell lung cancer introduced by the groups of Chuang
in1984 and Thomas in 1993 can be regarded as no longer sufficient.

Copyright © 2010 S. Karger AG, Basel

Carcinoma of the lung is the leading cause of cancer-related death in both men
and women. Concerning lung cancer incidence in five continents, it was demon-
strated by Parkin et al. [1] that non-small cell lung cancer (NSCLC) accounts for
almost 75% of cases, small cell carcinomas (SCC) comprise about 15% and large
cell/undifferentiated carcinomas about 9%. Lung cancer is a dynamic and diverse
disease associated with numerous somatic mutations, deletions, and amplifica-
tion events. Patients with the same stage of disease can have markedly different
clinical outcomes. Currently, surgery is the major treatment option for patients
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Fig. 1. Macroscopic and microscopic appearance of NSCLC at time of diagnosis. a Central loca-
lised squamous cell carcinoma with destruction of main bronchus and tumor propagation in
adjacent lung parenchyma. b Peripheral localized adenocarcinoma. ¢ Pneumonic growth pat-
tern of bronchiolo-alveolar cell carcinoma. d Cross-section of squamous cell carcinoma in lung
periphery. e Cross-section of a subpleural localized adenocarcinoma. f, g Cross-sections of intra-
pulmonal localized adenocarcinoma consisting of epithelial tumor components and necrosis.
Invasion and destruction of pulmonary arteries.
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in stage I NSCLC. Even in stage I only 60-65% of NSCLC patients are still alive
after 5 years even if the tumor was resected completely. The main reason for this
bad prognosis is the fact that the tumor is mainly clinically diagnosed at the time
when the tumor is already larger than 2 cm (fig. la-g).

Tumor Size: An Essential Prognostic Factor in Lung Cancer

Tumor size matters and is an important prognostic factor for both small cell lung
cancer (SCLC) and NSCLC [2]. When using the new TNM classification concern-
ing the pT1 stage lymph node metastases can even be found in tumors with a
size up to 1 cm corresponding to pT1la (tumor size up to 2 cm). With increasing
tumor size the number of N1 and N2 lymph node metastases increased in number
(fig. 2a, b) [unpubl. data]. Primary invasive NSCLC >2 c¢m is twice more likely to
have nodal metastases than carcinomas <2 cm. The new TNM classification 2009
contributes to further subclassification by tumor size within stage I, with tumors
<2 cm in size (T'1a) and up to 3 cm in size (T1b) contained in a separate substage.
Further classification of T2 in T2a (tumor size up to 5 cm) and T2b (tumor size
up to 7 cm) may help clarify which patients might benefit from novel adjuvant or
neoadjuvant chemotherapy [3].

The prognosis of patients correlates strongly with stage of disease at presen-
tation. In stage I, 5-year survival is about 65% whereas in stage III survival rate
is only 13%. However, 35-50% of stage I NSCLC patients will relapse within 5
years indicating that a subgroup of these patients might benefit from adjuvant
chemotherapy [4]. On the other hand, patients with clinical stage IB, IIA, IIB or
IITA NSCLC receive adjuvant chemotherapy and some may unnecessarily receive
potentially toxic chemotherapeutic treatment.

Small Cell Lung Cancer

SCLC accounts for about 15% of all cases of lung cancer. Of the four major his-
tological types of lung cancer, SCLC has been highly associated with smoking.
It is characterized by rapid growth and early extra-thoracic spread and cytotoxic
chemotherapy is the cornerstone of any therapeutic strategy. Combined SCC
variant refers to the admixture of non-SCC elements including adenocarcinoma,
squamous cell or large cell carcinoma and less commonly spindle cell or giant cell
carcinoma. For combined small cell and large cell carcinoma there should be at
least 10% large cells present. SCLC and pulmonary carcinoids are neuroendo-
crine (NE) tumors with characteristic features of NE cells. SCLC have high rate
of p53 mutations, amplification of MYC, methylation of caspase-8, which is a key

Prognostic Factors in Histopathology of Lung Cancer 3
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Fig. 2. a Tumor size is a determinant of stage distribution in T1 NSCLC [4] and is correlated with
clinical outcome. b With increasing tumor size in pT1 NSCLC the number of N1 and N2 lymph
node metastases increased in number [unpubl. data].

anti-apoptotic gene, inactivation of the retinoblastoma gene and overexpression
of E2F1. These are almost universal in SCLC: Multiple other changes occur fre-
quently in SCLC, including upregulation of the proapoptotic molecule Bcl-2, acti-
vation of autocrine loops, upregulation of telomerase and expression of vascular
growth factors.

Prognosis and Predictive Factors in Small Cell Lung Cancer

A positive history of smoking, socioeconomic status and extensive stage of
disease are independent poor prognostic factors in SCLC [5]. Never-smokers
had higher median survival (13.6 vs. 9.9 months) and 2-year survival rate (17%
versus 7%) than smokers with SCLC. Female gender should be a favorable
prognostic factor in extensive disease SCLC, as it has been shown that female
SCLC patients survived longer than male and that female patients had higher
complete and overall response rates to chemotherapy [6]. ERCC1 and topo
ITalpha are candidate markers in predicting clinical outcome and response to
treatment in low disease SCLC patients and are worth further investigations in a
prospective study. No histological or genetic factors are predictive of prognosis
till now [7].

4 Fisseler-Eckhoff



Histological Subtype: A Prognostic Factor in NSCLC

New chemotherapeutic regimens for the treatment of NSCLC have demonstrated
that histology is a prognostic and predictive factor for special combined chemo-
therapy [8].

According to the WHO criteria, stage for stage survival rate is significantly bet-
ter for squamous cell carcinoma than for adenocarcinoma. Approximately 80%
of patients with resected stage I (TINOMO) squamous cell carcinoma are alive 5
years after diagnosis compared to approximately 70% of similarly staged adeno-
carcinoma. Stages of disease and performance status at diagnosis remain the most
powerful prognostic indicators for survival.

The importance of the histological subtype as a prognostic factor within the
groups of NSCLC is documented by the new WHO classification of 1999 and mod-
ified in 2004. Further histological subtypes within the single groups of squamous
cell carcinomas and adenocarcinomas, which are associated with poor prognosis
were ruled out in the new WHO classification [9].

Squamous Cell Carcinoma Histological Subtypes Associated with Poor Prognosis

Papillary variants of squamous cell carcinoma (SCC), which show exophytic and
endobronchial growth with or without invasion.

Clear cell variants of SCC, which have to be separated from large cell carci-
noma, adenocarcinoma with clear cell changes and metastatic clear cell carcinoma
from the kidney.

Small cell variants of SCC, which lack the characteristic nuclear features of SCC
having coarse or vesicular chromatin, more prominent nucleoli, more cytoplasm
and more distinct cell borders.

Basaloid variants of SCC, which show prominent peripheral palisading of
nuclei.

When squamous cell carcinomas are poorly differentiated, the distinction from
large cell carcinoma is quite difficult, with poor interobserver and even intraob-
server agreement. The smaller the specimen (i.e. bronchial biopsies or cytologic
specimens) the greater the difficulty in making such a distinction [10, 11]. If the
pathologist can adhere to the WHO criteria for SCC i.e. either keratin pearls, inter-
cellular bridges, or individual cell keratinization are present, then the distinction
is seldom a problem. However, these criteria are often absent. As new chemothera-
peutic agents like pemetrexed in combination with cisplatin therapy are allowed
only in those cases, in which a predominant squamous cell differentiation is ruled
out, in doubtful cases, a combination of immunohistochemical stains (TTF 1,
CK5/6, p63 and CK7) can assist in making the correct diagnosis.

Prognostic Factors in Histopathology of Lung Cancer 5



Adenocarcinoma Histological Subtypes Associated with Poor Prognosis

Adenocarcinoma is the most common subtype of NSCLC. It is mainly diagnosed
as a subpleural coin lesion, the central area underlying pleural puckering with a
V-shaped area of desmoplastic fibrosis associated with anthracotic pigmentation.
Adenocarcinomas demonstrate different growth patterns like central or endo-
bronchial tumor growth or diffuse pneumonia-like lobar consolidation with pres-
ervation of underlying architecture, typical of mucinous bronchioloalveolar cell
carcinoma (BAC) with disseminated growth along the visceral pleura, resulting
in a ring-like thickening mimicking malignant mesothelioma (pseudo-mesothe-
liomatous carcinoma).

Major histological subtypes of adenocarcinomas are acinar, papillary, bronchi-
oloalveolar and solid adenocarcinoma with mucin production. Further subtypes
are fetal adenocarcinoma, mucinous adenocarcinoma, clear-cell adenocarcinoma
(fig 3a—e). In 70%, different histological growth patterns can be found within one
tumor leading to the classification adenocarcinoma mixed type.

Solid growth pattern with mucin production, clear cell and papillary subtypes (fig.
3c—e) are correlated with worse prognosis. The papillary growth pattern is charac-
terized by papillae with secondary and tertiary papillary structures. A micropapil-
lary pattern of adenocarcinoma, in which tufts lack a central fibrovascular core, may
be prognostically unfavorable [12, 13]. Histological grading has prognostic implica-
tions. In general, poorly differentiated adenocarcinomas have more local recurrence
and lymph node metastases than patients with well or moderately differentiated
tumors. High histological grade, vascular invasion, mitotic activity, lymphangiosis
and extensive tumor necrosis are correlated with unfavorable prognosis [14].

Watanabe et al. [15] showed that the ground-glass component in CT correlates
with the bronchioloalveolar carcinoma component in the histological specimen.

Tumors having a larger ground-glass component in CT than a solid component
have a better prognosis with a long-term survival rate of up to 100%.

Bronchioloalveolar Cell Carcinoma Growth Pattern: A Favorable Prognostic Factor

Bronchioloalveolar cell carcinomas (BAC) (fig. 3f) are morphologically character-
ized by a lepidic growth pattern of tumor cells along the alveoli. Based on WHO
criteria stromal, vascular, lymphatic or pleural invasion must be ruled out. Based
on this criterion the diagnosis BAC is no longer possible in bioptically obtained
specimens. It is only possible by investigation of surgically obtained tumor [9].
BAC is not an invasive carcinoma but a carcinoma in situ, with better prognosis
compared to other histological subtypes. The bronchioloalveolar subtype is of spe-
cial therapeutic interest concerning targeted therapies.

6 Fisseler-Eckhoff



Fig. 3. Histological subtypes of NSCLC associated with prognosis (a-e) or favorable prognosis
(f). x420. a: Squamous cell carcinoma with papillary growth pattern. x420. b Basaloid variant of
SCC showing prominent peripheral palisading of nuclei. x420. c Papillary growth pattern of ade-
nocarcinoma with secondary and tertiary papillae. x420. d Clear cell and papillary subtype of
adenocarcinoma. x420. e Large cell carcinoma pleomorphic subtype. x420. f Bronchioloalveolar
cell carcinoma characterized by a lepidic growth pattern of tumor cells along the alveoli corre-
lated with favorable prognosis. x420.

Adenocarcinomas with predominant BAC growth pattern and central scarring
less than 0.5 cm in tumors of 3 cm or less in diameter (pT1) have a similar, very
favorable prognosis. Therefore, pathologists should point out in the morphologi-
cal diagnosis of adenocarcinomas, whether a bronchioloalveolar growth pattern
exists within the tumor or not.

Large Cell Carcinomas

Large cell carcinoma (LCC) is an undifferentiated non-SCC that lacks the cytological
and architectural features of SCC and glandular or squamous differentiation. LCC
has sometimes been referred to as a ‘waste basket’ category, and includes several vari-
ants like large cell neuroendocrine carcinoma, combined large cell neuroendocrine
carcinoma, basaloid carcinoma, lymphoepithelioma-like carcinoma, clear cell carci-
noma, and large cell carcinoma with rhabdoid phenotype of clinical importance.
LCC accounts for approximately 9% of all lung cancers in most studies. Large
cell neuroendocrine tumors account for 3% of lung cancer. Giant cell carcinoma

Prognostic Factors in Histopathology of Lung Cancer 7



and pleomorphic carcinomas have a very poor prognosis (fig. 3e). It was shown
that this pattern usually occurs in association with adenocarcinoma [11] that can
be treated by Pemetrexed, too, but a neuroendocrine feature has to be ruled out
by additional immunohistochemical investigations with neuroendocrine markers
[15].

Prognostic Implication of Molecular Markers

A wide range of genetic and phenotypic abnormalities have been identified in lung
cancer. However, only a few are known to have an impact on patient outcome and
thus may influence choice of therapy:

EGEFR and K-RAS in Lung Cancer

Mutations of genes in the epidermal growth factor receptor (EGFR) signaling
pathway, such as EGFR, K-RAS, HER2 BRAF, and phosphatidyl inositol 3 kinase
catalytic alpha (PIK3Ca), are critical to the pathogenesis of a large number of ade-
nocarcinomas and play a prognostic and predictive role concerning therapy. EGFR
mutations are more prevalent in females, never-smokers, patients of Asian ethnic-
ity, and those with histology of adenocarcinoma. Tumors with EGFR mutations are
highly sensitive to small molecule EGFR-specific tyrosine kinase inhibitors (TKIs),
such as Gefitinib or Erlotinib. There is an antagonism between these EGFR TKIs
and chemotherapy in tumor cells with wild-type EGFR. Mutations in EGFR occur
mainly in exon 18 or exon 21, or deletions occur in exon 19 and exon 21 L858R
substitutions. In these adenocarcinomas high EGFR gene copy numbers can be
found by FISH analysis and have been associated with response to EGFR-TKI (fig.
4a). These mutations were found in 13% of unselected USA populations, 33% of
unselected East Asian populations and overall in 30% of adenocarcinomas [12].
Analyses looking specifically at those subgroups show significantly longer sur-
vival times with Gefitinib group than in placebo group for never-smokers (n = 375;
median survival time 8.9, vs. 6.1 months) and patients of Asian origin (n = 342,
median survival time 9.5 vs. 5.5 months) [16]. In most patients with longer survival
times and higher response rates pathological diagnosis revealed mainly adenocar-
cinoma subtype especially adenocarcinomas with bronchiolo-alveolar growth pat-
tern. In these adenocarcinomas high EGFR gene copy numbers were found.
According to the published data for 1,335 patients, the response rate of NSCLCs
with EGFR mutations for EGFR-TKI was about 70%, whereas those without
mutations was about 10%. Furthermore, several retrospective studies showed
that patients with EGFR mutations have a significantly longer survival than those

8 Fisseler-Eckhoff



210

o

= 0.8

2

206

2

v 04 EGFR+

2 e —

502 s SN

g

5 0

v 0 6 12 18 24
Survival after Gefitinit (months)

Fig. 4. a EGFR amplification in adenocarcinoma demonstrated by FISH analysis: 2 signals/
nucleus, more than 4 signals/nucleus (b) and cluster amplification (c). x420. b Between 2002 and
2005 68 patients were treated with tyrosine kinase inhibitor therapy in the HSK Clinic Wiesbaden.
Patients with EGFR mutations demonstrate a better progression free interval and a better long
time survival rate (data unpublished). ¢ Immunohistochemical demonstration of ERCC1 expres-
sion in adenocarcinoma with heterogeneous staining pattern. Cross-section/detail, x420.
d Determination of ERCC1 level in tumor tissue in comparison to normal tissue by real time PCR.

without mutations when treated with EGFR-TKIs. These results indicate that the
EGFR mutations are important predictive factors for successful treatment with
EGFR-TKIs [17].

Between 2002 and 2005, 68 patients were treated at the HSK Clinic Wiesbaden
with tyrosine kinase inhibitor therapy, and the histological subtypes were adeno-
carcinomas in 55 cases, squamous cell carcinomas in 8 cases, large cell carcinomas
in 2 cases, mixed type in 2 cases and undifferentiated type in 1 case. All patients
with EGFR mutations demonstrate a better progression-free interval and a bet-
ter long-term survival rate (fig. 4a, b). EGFR mutations were more prevalent in
females, in never smokers or in well-to-moderately differentiated tumors. In those
patients in whom tyrosine kinase therapy no longer works, KRAS mutations were
found in the tumor cells. Mutations in KRAS are found in approximately 30% of
human lung adenocarcinomas [unpubl. data].

However, the prognostic impact of EGFR gene mutations in lung adenocarcino-
mas remains controversial. Some investigators claim that EGFR mutations are prog-
nostic rather than predictive, because reports showed that patients with NSCLCs
harboring EGFR mutations survived for a longer period than those without muta-
tions irrespective of therapy (chemotherapy with EGFR-TKIs or placebo) [18].

Prognostic Factors in Histopathology of Lung Cancer 9



Activating mutation of the KRAS gene was one of the earliest discoveries of
genetic alteration in lung cancers and about 10% NSCLCs of Japanese patients
harbored KRAS mutations. Several meta-analyses revealed that KRAS mutations
may be associated with shortened survival in patients with NSCLCs, although suf-
ficient confirmation in well-designed multivariate analysis has not been obtained.
KRAS mutations were more prevalent in males or in smokers, which are thought
to be predictors of worse survival [18].

Prognostic Implication of Excision Repair Cross-Complementing I

The excision repair cross-complementing 1 (ERCC1) gene is a structure-specitic
DNA repair endonuclease required to resolve DNA interstrand crosslink-induced
double-strand breaks. This enzyme belongs to the nucleotide excision repair (NER)
system and has been extensively investigated because of its ability to repair platinum
intrastrand DNA adducts. The expression levels of ERCCI transcripts are associ-
ated with survival in cancer patients treated with cisplatin-based chemotherapy.
ERCCI1 was confirmed to be an independent prognostic factor for survival in low
disease SCLC. In NSCLC patients treated with adjuvant cisplatin, ERCC1 protein
expression should be a predictive and prognostic factor [19]. Due to the results
of different studies on NSCLC, ERCCI1-negative patients benefit from cisplatin-
based chemotherapy, whereas patients with ERCC1-positive tumors without che-
motherapy will have a better overall survival [7, 20]. ERCC1 can be investigated on
protein and mRNA level in paraffin-embedded tumor tissue (fig. 4c). Correlations
of both methods have not been investigated until now. By real time PCR, it is pos-
sible to determine the ERCC1 level in tumor tissue in comparison to normal tissue
so that one can get quantitative levels as a basis for the decision for chemotherapy
(fig. 4d). In vitro results on human lung cancer cell lines demonstrate significantly
higher RRM1 mRNA expression in SCLC compared with NSCLC. However, no
correlation between mRNA expression of either the ERCC1, ERCC2 and RRM1
genes, nor chemosensitivity to cisplatin, carboplatin or gemcitabine was found
[21]. These in vitro results suggest that further studies are needed to evaluate the
expression of the RRM1, ERCCI1 and ERCC2 genes as predictive biomarkers for
sensitivity to platinum agents and gemcitabine in SCLC as well as in NSCLC.

Prognostic Implication of Ribonucleotide Reductase M1
The ribonucleotide reductase M1 (RRM1) gene codes for an enzyme necessary

for DNA synthesis, catalyzing the biosynthesis of deoxyribonucleotides. Different
investigators showed that upregulation of RRM1 mRNA levels are generally

10 Fisseler-Eckhoff



associated with chemoresistance to gemcitabine-based therapies. A significant
correlation between RRM1 and ERCCI in terms of transcript levels was found in
NSCLC patients treated with cisplatin and gemcitabine [22]. With these results, a
decision-tree type diagram with the combination of different therapeutic agents
was ruled out based on the results of ERCC1 and RRM1 levels.

In first line therapy of NSCLC cisplatin and pemetrexed were not worse than
cisplatin and gemcitabine with regard to hazard ratio (HR). Cisplatin and pem-
etrexed were significantly better in adenocarcinomas and large cell carcinomas
concerning survival, whereas cisplatin and gemcitabine were found to be prognos-
tically better in squamous cell carcinomas.

Prognostic Implication of Thymidylate Synthase

The enzyme thymidylate synthase (TS) catalyses the methylation of 2’-deoxy-
uridine-5-monophosphate-8 (dUMP) to 2’-deoxythymidine-5-monophosphate
(dTMP), an essential precursor during DNA synthesis. TS is usually elevated in
tumors and is therefore an interesting target for anticancer agents such as the antifo-
late pemetrexed (multitargeted antifolate, Alimta), which inhibits activity of TS by
competition with the binding site of CH2 - THF of TS. TS mRNA levels were inves-
tigated in NSCLC and SCLC by Ceppi et al. [7] 2008. TS levels were increased at
mRNA, protein and activity level in squamous cell carcinomas of the lung. Increased
TS levels should be responsible for resistance to the TS based antifolate pemetrexed
in squamous cell carcinomas, whereas patients with adenocarcinomas and large cell
carcinomas should benefit from pemetrexed therapy. The survival rate in patients
with NSCLC was better in patients with low TS levels, and these low TS levels were
mainly found in adenocarcinomas and large cell carcinomas [20, 23].

Considering the special aspects of individualized chemotherapeutical approaches
depending on histological subtypes it is absolutely essential that pathologists give
a correct histological diagnosis concerning the subtypes. The primary diagnosis of
lung cancer is mainly based on the investigation of a small biopsy.

The new therapeutic agents require a clear differentiation between adenocar-
cinomas and predominant non-squamous cell carcinoma. The specificity of diag-
nosis for squamous cell carcinoma in biopsy compared to resection specimens
varied between 66 and 95%. As pemetrexed combined with cisplatin therapy and
as bevacicumab (Avastin) are allowed only in those cases in which a predominant
squamous cell differentiation is ruled out, in doubtful cases, immunohistochemi-
cal stains (CK5/6, p63) can assist in making the correct diagnosis. There is a typi-
cal immunohistochemical staining pattern for squamous cell carcinomas, as well
as one for adenocarcinomas. All undifferentiated G3 carcinomas should be inves-
tigated further by immunohistochemistry (fig. 5).

Prognostic Factors in Histopathology of Lung Cancer 11
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Fig. 5. Algorithm for the diagnosis of NSCLC with exclusion of predominante non-SCC as the
basis for individualized chemotherapeutic approaches (pemetrexed, bevacicumab) with the
help of immunohistochemistry.

Conclusion

Over the last decades, histological classifications of lung cancer were often somewhat
arbitrary and a matter of convenience, although multiple lines of differentiation are
often found within a single tumor if it is sufficiently sampled. Historically, histology
has not been clearly or consistently described in the literature as a prognostic or
predictive factor in advanced NSCLC studies. While some studies suggest a more
favorable outcome for adenocarcinomas or nonsquamous histologies, others sug-
gest benefits for patients with squamous cell morphology. Until now, the substantial
differences in study design and analyses make such specific conclusions regarding
the prognostic and predictive role of histology difficult. The main reasons for these
difficulties might be the fact that the morphological diagnosis of the pathologist is
mainly concentrated on the differentiation between small cell and non-SCCs. In
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those cases where adenocarcinomas were diagnosed, further subtyping of growth
pattern are often missed, although the new WHO classification pointed out that
different histological subtypes within the main tumor entities are correlated with
worse prognosis, e.g. papillar, basaloid or sarcomatoid differentiation, whereas, for
example, bronchioloalveolar growth pattern are associated with favorable progno-
sis. Under this aspect within a morphological defined histological subtype such as
adenocarcinoma multiple subtypes can exist and these subtypes should be described
in the pathological diagnosis. Because each associated subtype might be associated
with a different prognosis and/or responsiveness to a particular drug. As BAC and
BAC-like growth pattern is associated with better outcome and might response to
tyrosine kinase therapy pathologist should give clear information whether bron-
chioloalveolar growth pattern is present in adenocarcinoma or whether it is absent.
This fact might give implication to further molecular pathological investigations.
As squamous cell tumors are at risk for hemorrhagic complications when treated
with bevacizumab further studies should also include an analysis of the association
between histologic subtypes and clinically relevant toxicities. The new therapeutic
approaches in the treatment of NSCLC place high demands on pathologists: a clear
histological diagnosis with information on the predominant histological subtype is
required, if necessary by using additional immunohistochemical methods. Using
molecular methods predictive and prognostic factors for adjuvant and neoadjuvant
therapies can be identified in tumor cells of NSCLC. To assess treatment-by-histol-
ogy interactions, large studies are needed to detect an interaction compared with a
main treatment effect. For individualized lung cancer therapy, the collective term
SCLC/NSCLC [24, 25] can no longer be considered sufficient and should therefore
no longer be used. The development of targeted therapies and the refinement of
histologic classifications, more studies should include an analysis of histologic sub-
types and their association with efficacy outcomes.
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Diagnostic Workup
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Abstract

The prognosis of lung cancer patients mostly depends on the stage at which the disease is diag-
nosed. Contrast-enhanced CT (ceCT) and MRI play a significant role in initial staging, but often
the morphological information is insufficient when compared to the metabolic or molecular
information obtained by positron emission tomography (PET). [18]F-fluorine deoxyglucose
(FDQG) is based upon the increased demand of ATP leading to increased consumption of glucose
in the tumor tissues. FDG-PET/CT has been proven to be of immense value in the initial diagno-
sis, evaluation of therapy reponse, detection of recurrent tumor, radiation therapy planning and
in the multidisciplinary management of patients with non-small cell lung cancer as well as in
patients with small cell lung cancer. The aim of this article is to present a concise summary of the
present status of FDG-PET/CT. Copyright © 2010 S. Karger AG, Basel

Histologically, lung cancer is classified into two main categories: non-small cell
lung cancer (NSCLC) and small cell lung cancer (SCLC). NSCLC accounts for
roughly 80% of the lung cancer cases, the rest being SCLC. Although there are
many histological variants of NSCLC (such as squamous cell carcinoma, adeno-
carcinoma, large cell carcinoma, adenosquamous carcinoma, etc.), the broader
classification SCLC/NSCLC mainly determines clinical management and
prognosis.

The average survival time for untreated NSCLC and SCLC is only 6 months
and 2 months, respectively. If diagnosed at an early stage, NSCLC can be cured
by surgical resection. Locally advanced disease is treated by preoperative chemo-
radiotherapy followed by surgical resection. In contrast, the primary therapy of
SCLC is systemic chemotherapy, since this tumor type is highly sensitive to che-
motherapy and is usually metastasized at the time of diagnosis. Because of this
difference in the treatment strategies, it is essential to correctly diagnose, stage and
restage the patients using various diagnostic modalities [1, 2].



Non-Small Cell Lung Cancer
Imaging Modalities

Various imaging modalities play an important role in the management of lung
cancer, depending on the tumor stage and the available therapeutic options. This
chapter will outline the role of imaging in relation to patient management focus-
ing on nuclear medicine procedures.

Lung Nodules

By definition, a solitary pulmonary nodule (SPN) is opacity in the lung paren-
chyma measuring up to 3 cm that is not associated with mediastinal adenopathy or
atelectasis. Lesions greater than 3 cm are categorized as masses [3]. Approximately
75% of pulmonary nodules are found incidentally during chest radiographs. Signs
and symptoms (coughing, hemoptysis or thoracic pain) suggesting a lung problem
are found in only 20-25% of patients with SPN. A German study has shown that
there is an average delay of 7 months before a definitive diagnosis is reached [4].
The same study has documented that the younger the patient and the smaller the
lesion, the longer is the delay for reaching the final diagnosis.

There are numerous etiologies (approximately 80) for lung nodules ranging
from infections to inflammation and malignancies [5]. Approximately 130,000
SPN are diagnosed per year in the USA with an incidence of 52 per 100,000 pop-
ulations. Invasive techniques like bronchoscopy have a sensitivity of only 65%,
whereas transbronchoscopic biopsy reaches a sensitivity of 79% [6]. Although
transthoracic fine-needle biopsy (TTFB) has a very high sensitivity (94-98%)
and specificity (91-96%), the risk factors associated with its use (mainly pneu-
mothorax) reaches 19-26%, with approximately 10-15% of patients requiring
pleural drainage after TTFB resulting in hospital stay and increased expenditure
[7].

Conventional imaging (CT scan) and metabolic imaging (PET scan) play a
complementary role in the diagnosis of lung cancer and the combination of both
modalities (PET/CT) is a very useful diagnostic test.

Morphological Imaging

The evaluation (additional work-up) of a SPN starts (usually after its incidental
detection on a chest radiograph) to rule out malignancy. Uniformly dense calcified
nodules on chest radiograph are mostly benign in nature. Serial chest radiographs
— taken over a longer period of time (2 years or more) showing no signs of change
in the appearance - also make the diagnosis of a benign nodule very likely.
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Prior to the integration of PET, a radiographically indeterminate SPN was best
evaluated using CT [8]. Although CT remains an integral part of the workup of
SPN, other options are available. CT is used for the evaluation of shapes, borders,
and densities of nodules. With the use of CT densitometry, calcifications can be
detected within the nodules. Calcified nodules are mostly benign; however, the
list of differential diagnosis includes metastasis from primary tumors (e.g. bone
tumor, mucin-producing adenocarcinomas and soft-tissue sarcomas) or internal
hemorrhage in metastases (e.g. chorioncarcinoma and melanoma). A nodule is
presumably benign only, if the calcification is diffuse, i.e. present in the major-
ity of the region of the nodule. The calcification — measuring more than 300 HU
- has to be present in the centre of the nodule to be considered as benign [2, 3].
The pattern of contrast enhancement can also help to differentiate between benign
and malignant nodules. Nodules showing less than 15 HU enhancement in the
center are more likely to be benign, whereas those showing enhancement greater
than 25 HU are more likely to be malignant [9, 10]. A report from the Early Lung
Cancer Action Program (ELCAP) study has documented that 20% of pulmonary
nodules on baseline screening are ground glass or sub-solid (they are less dense
than the solid nodules and the surrounding pulmonary vasculature and thus, do
not obscure the lung parenchyma). Ground glass opacities are associated with
bronchioloalveolar carcinoma, whereas other adenocarcinomas present more fre-
quently as solid nodules [11].

Apart from the calcification and ground glass appearance, certain morpho-
logical characteristics of pulmonary nodules like speculated outer margin, a hazy
and indistinct margin, extension to pulmonary veins, focal retraction of adja-
cent pleura, and endobronchial extension are also suggestive of malignancies.
Inhomogeneous internal composition and the evidence of central necrosis point
towards malignant nature of the lesion. Some of the malignant lesions sometimes
create air bronchograms, commonly associated with pneumonia. Sometimes CT
scan features of lymphoma and bronchioalveolar cell carcinoma can be confused
with benign lung lesions [2, 3].

In spite of all these morphologic criteria, 25-39% of malignant nodules are
inappropriately classified as benign [12]. Although constancy of the nodule in
terms of its morphologic characteristic over time is reliable for labeling a nodule
benign, the predictive value of stability in size may be only 65%, probably because
doubling in volume amounts to only 26% increase in nodular diameter, a change
very hard to perceive [13, 14]. Clinical information combined with the radio-
graphic characteristics can be used to calculate the likelihood ratio of malignant
disease. This strategy, having its origin in the Bayesian analysis, is also a way to
choose the appropriate management protocol. If the probability of cancer is less
than 5%, then the patient is monitored over time, if the probability is between 5
and 60% the lesion is biopsied. For a likelihood ratio greater than 60%, resection
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Table 1. Evaluation of solitary pulmonary nodules using [18]F-FDG-PET

First Author Year Cases Prevalence, % Sensitivity, % Specificity, %
Pitman [28] 2002 36 58 920 93
Lowe [26] 1998 89 67 91 89
Gupta [170] 1996 61 73 93 87
Bury [37] 1996 50 66 100 88
Duhaylongsod [40] 1995 47 65 100 81

of the nodule is recommended [15, 16]. However, 50% of the patients undergo-
ing surgical biopsy of an indeterminate SPN have benign disease. Because of the
inadequacy of these radiographic characteristics, there was a need to find a better
alternative, resulting in the rapid stride of PET in lung cancer diagnosis.

[18]F-Fluorine Deoxyglucose PET

There is a strong relationship between the glucose metabolism - measured as
standardized uptake value (SUV) of [18]F-fluorine deoxyglucose (FDG) - and the
chances of malignancy. Bryant et al. [17] have shown in a large prospective series
in 585 patients, that, if the indeterminate pulmonary nodule is less than 2.5 cm, a
maximum standardized uptake value (SUV,,,,) between 0 and 2.5 suggested 24%
chance of malignancy. If the SUV,,, is between 2.6 and 4, the chances of the nod-
ule being malignant is 80% which increases to 96% for a SUV,,, greater than 4.1.
However, for solid pulmonary lesions with low FDG uptake (SUV,,,, <2.5), semi-
quantitative approaches do not improve the accuracy of [18]F-FDG-PET over that
obtained with visual analysis. The probability of malignancy is very low if the pul-
monary lesion visually has no uptake. On the other hand, the probability of malig-
nancy in any visually evident lesion is about 60% [18].

The results of the PET study should always be analyzed in conjunction with a
CT image, because of the poor anatomic localization on PET images alone. The
use of PET/CT and the possibility of image fusion has been heralded as a major
breakthrough in oncologic PET imaging [19].

For characterization of SPN, [18]F-FDG-PET (tables 1, 2) alone better predicts
malignancy than a combination of clinical and morphologic criteria. A meta-
analysis [20-22] covering the results of numerous studies in approximately 1,400
patients [21,23-41], proved that [18]F-FDG-PET can differentiate between benign
and malignant SPN with a sensitivity and specificity of approximately 96.8 and
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Table 2. Recommendations related to the FDG-PET in the evaluation of indeterminate lung
lesions

Modality Statement Level of
evidence
Indication for SPN >8-10 mm in diameter with indeterminate etiology: 1
FDG Patients with low-to-moderate (5-60%) pretest probability
of malignancy should undergo FDG-PET/CT
No Indication for ~ SPN <8-10 mm in diameter: patients with high pretest 2
FDG probability of malignancy (>60%)
Indication for Patients with indeterminate SPN >8-10 mm in diameter, which 2
CT alone are potentially curative: serial CT for observing the SPN is an

acceptable management strategy if:

Very low clinical probability of malignancy (> 5%)

Low clinical probability (>30-40%) and the lesion is not
hypermetabolic on FDG-PET or does not enhance >15 HU on
dynamic ceCT

Non-diagnostic needle biopsy and the lesion is not
hypermetabolic on FDG-PET

A fully informed patient prefers this nonaggressive approach

Indication for Patients with indeterminate SPN >8-10 mm in diameter which 2
transthoracic are potentially curative and if the:

needle biopsy or  Clinical pretest probability and findings on imaging tests are
bronchoscopy discordant

Benign diagnosis requiring specific treatment

Patients are fully informed and want to prove or disprove the
malignancy before surgery, specially when the risk of surgical
complications are high

Surgical diagnosis Patients with indeterminate SPN >8-10 mm in diameter which 1
are potentially curative and if the:
Clinical pretest probability of malignancy is moderate to high
(>60%)
SPN is hypermetabolic on FDG-PET
A fully informed patient prefers undergoing a definitive
diagnostic procedure

77.8%, respectively [20]. The counter argument put forward is the relatively high
cost of a PET study. A group from Italy compared the traditional SPN work-up
using CT, fine-needle aspiration cytology, and thoracoscopic biopsy with a diag-
nostic work-up including FDG-PET [77]. This study demonstrated a reduction
in cost of approximately 50 Euros per patient, if PET was included in the work-
up. Lejeune et al. [42] compared the cost-effectiveness ratio of three management
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strategies for SPN: wait and watch with periodic CT, PET, and a combination of
CT plus PET. It was concluded that CT plus PET is the most cost-effective strategy
in those patients having a risk of malignancy in the range of 5.7-87%, whereas
patients having a risk of 0.3-5% should be followed up under the wait and watch
strategy.

In ground glass nodules, preliminary PET studies have found a sensitivity of
only 10% and a specificity of only 20% [79]. The ELCAP report has suggested a
limited role of FGD-PET in the evaluation of these nodules because of the small
size of the nodules and the potential for false negative findings in focal bronchio-
alveolar cell carcinoma [24]. Chhajed et al. [43] demonstrated the significant role
of FDG-PET when combined with bronchoscopy in the diagnosis of noncalcified
chest radiologic lesions <3 cm in size.

An important issue that determines the diagnostic accuracy of an imaging
modality in the evaluation of SPN is the size of the nodule. Pulmonary nodules
having a diameter of less than 5 mm on CT scan were found to be nonmalignant
in 378 patients monitored with CT in the NY-ELCAP study. Bastarikka et al. [44]
found a sensitivity of 69% for the detection of malignancy in nodules measuring
5-10 mm in size and a sensitivity of 95% in nodules greater than 10 mm in size
applying [18]F-FDG-PET. The authors also observed a reduction in the apparent
uptake of FDG in the nodules if the size of the nodule was less than 2 times the
system resolution (7-8 mm) underlining the need for generating different criteria
for determination of malignancy in patients having SPN smaller than 15 mm. The
inability of PET to reliably detect nodules smaller than 7 mm has also been docu-
mented in a phantom study by Coleman et al. [45].

A meta-analysis of 5 prospective studies by Hellwig et al. [22], including at
least 35 patients per study and fulfilling the quality criteria as specified by the
German Consensus Conference, has shown that [18]F-FDG-PET has a sensitivity
and specificity of 93 and 87%, respectively. The positive and negative predictive
values are 94 and 89%, respectively; the probability to miss a malignant nodule is
11%. This risk has to be weighed against possible life threatening complications of
surgery.

The method of interpretation of a PET study is also a matter of debate [24].
Hiibner et al. [46] have shown that there is an improvement of approximately 10%
in specificity of FDG-PET if Patlak analysis is applied for quantitation. Cerfolio et
al. [47] - in their retrospective analysis to evaluate the role of maximum SUV in
prediction of stage, recurrence, and survival in NSCLC patients — clearly demon-
strated that the maximum SUV of a pulmonary nodule on [18]F-FDG-PET is an
independent predictor of aggressiveness of NSCLC. The maximum SUV predicted
more accurately the recurrence rate for stages IB and II NSCLC and the survival
for patients with stage IB, II or IIIA than the TNM stage. A recent study by Yi et
al. [48] proved that integrated PET/CT is more sensitive and accurate than helical
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dynamic CT for malignant nodule characterization; therefore, PET/CT should be
performed as the first-line evaluation tool for SPN characterization. The authors
also concluded that since helical dynamic CT has high specificity and acceptable
sensitivity and accuracy, it may be a reasonable alternative for nodule character-
ization when PET/CT is unavailable.

Fletcher et al. [49] studied 532 subjects with untreated SPNs between 7 and 30
mm in size (average 16 mm) and newly diagnosed on radiography by [18]F-FDG-
PET and CT. A definitive diagnosis was established for 344 participants. The
prevalence of malignancy was 53%. PET inter- and intraobserver reliability was
superior to CT. Definitely and probably benign results on PET and CT strongly
predict benign SPN. However, such results were 3 times more common with PET.
Definitely malignant results on PET were much more predictive of malignancy
than were these results on CT. A malignant final diagnosis was approximately 10
times more likely than a benign final diagnosis in participants with PET results
rated definitely malignant.

Paul et al. [50] prospectively evaluated 276 patients with newly diagnosed lung
lesions whether [18]F-FDG-PET/CT is more accurate for determination of malig-
nancy in newly diagnosed pulmonary lesions compared to separate interpreta-
tion of CT and FDG-PET. Histopathology was considered the gold standard in all
patients; in addition 60 patients with benign lesion were followed-up for a mean
duration of 1,040 days. Based upon their observations, the authors concluded that
for differentiation of benign from malignant lung lesions, integrated FDG-PET/
CT imaging was significantly more accurate than CT, but not [18]F-FDG-PET. In
summary, the addition of metabolic imaging to morphological imaging leads to
an increase in specificity, significantly reduces equivocal findings and is therefore
recommended to further specify newly diagnosed lung lesions.

Lymph Node Staging

Prognosis of patients and therapeutic options available in NSCLC heavily depend
upon whether mediastinal lymph nodes are involved or not.

A prospective Radiological Diagnostic Oncologic Group Study has shown
that CT and MRI have low sensitivity and specificity (approximately 50 and 65%,
respectively) in the detection of mediastinal lymph node metastases [77]. 30-40%
of enlarged lymph nodes (2-4 cm in diameter) exhibit no tumor cells in histopa-
thology [78]. CT has high false negative (7-39%) and very high false-positive (20-
50%) values for the detection of mediastinal lymph nodes [3]. The presence of fat
in an enlarged lymph node suggests a benign lesion. The introduction of spiral CT
has not significantly improved the accuracy of mediastinal lymph node staging, as
shown by a meta-analysis on mediastinal staging using CT and FDG-PET [22].
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Table 3. Studies comparing CT and FDG-PET for mediastinal lymph node staging. Cumulative
sensitivity and specificity were found to be 87% and 87%, respectively for FDG-PET in 1039
patients and 69 and 65%, respectively for CT in 504 patients

First Author Year Number CT PET
of cases

% sensitivity % specificity % sensitivity % specificity

Valk [98] 1995 76 63 54 83 94
Bury [77] 1997 66 79 72 88 87
Vansteenkiste 1998 68 75 63 92 95
[99]

Marom [92] 1999 79 64 78 97 87
Liewald [90] 2000 80 n.r. n.r. 92 76
Pieterman [61] 2000 102 75 66 90 85
Roberts [94] 2000 100 n.r. n.r. 87 90
Poncelet [59] 2001 61 56 68 66 84
Kernstine [88] 2002 237 n.r. n.r. 81 81
Vesselle [171] 2002 118 n.r. n.r. 80 96
von Haag [101] 2002 52 50 65 66 91

Modified from Baum et al. [104].
n.r. = Not reported.

Several studies have investigated the role of FDG-PET and PET/CT in mediasti-
nal lymph node staging [21, 30, 31, 41, 59, 61, 77-101] (table 3). Results of three
meta-analyses have proven that FDG-PET is significantly more accurate than CT
in the staging of lymph nodes in NSCLC, irrespective of the instrumentation for CT
scan [22,102,103]. Tables 3 and 4 summarize studies (having more than 35 patients)
on mediastinal lymph node staging (NO/1 vs. N2/3) in patients with NSCLC. Pooled
data from these 11 studies in 1039 patients demonstrate that FDG-PET has an overall
sensitivity of 87% and a specificity of 87% as compared to a sensitivity and specific-
ity of 69 and 65%, for CT scan (7 studies with a total of 505 patients), respectively.

False-negative findings may occur in small-sized lymph nodes (table 5). False-
positive findings are also possible (table 6). In order to decrease the impact of false-
positive findings on patient management, lymph nodes showing increased FDG
uptake on PET (and by that inducing a change in management of the patient, e.g.
altering planned surgery) should be verified histologically, e.g. by endobronchial
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Table 4. Comparison of different modalities in the mediastinal staging of lymph node meta-
stases

% sensitivity % specificity NPV PPV Prevalence
% % %
PET 84 89 93 79 32
cT 57 82 83 56 28
Blind TBNA 76 96 71 100 70
EUS-FNA 88 91 77 98 69
Mediastinoscopy 81 100 91 100 37

Data from De Leyn et al. [168].

Table 5. Factors responsible for reduced sensitivity in lymph node assessment by FDG-PET

Low FDG uptake into primary tumor

Hyperglycaemia

Lymph nodes next to the primary tumour especially with central tumours
Short post FDG injection time (less than 60 minutes)

High SUV threshold for the evaluation of mediastinal lymph nodes

ultrasound-guided transbronchial needle aspiration (TBFNA) or mediastinoscopy
[104].

The best approach for assessment of patients with stage IIIA-N2 after induction
therapy remains a matter of debate specifically when it comes to deciding upon
potential surgical treatment [80]. The performance of PET alone has not been
as satisfactory in restaging as it was for the baseline lymph node staging. Studies
have documented the superiority of PET/CT as compared to PET alone in lymph
node staging [105]. PET/CT facilitates the identification of FDG uptake by nor-
mal structures such as brown adipose tissue or skeletal muscles. Consequently, the
number of false-positive findings is significantly reduced. PET/CT has also been
found to be more accurate than visual comparison of PET and CT images or soft-
ware fusion of independently acquired PET and CT images [106-108]. Some stud-
ies [10, 109, 110] have demonstrated the superiority of TBENA as being superior
to CT or PET in mediastinum and hilar lymph node staging. In order to stratify
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Table 6. Possible causes of false-positive findings in FDG-PET studies in the chest (modified

from Bakheet et al. [169])

Physiologic uptake
Muscle Hypermetabolism after activation
Thymus Normal until puberty

Hyperplasia after chemotherapy

Bone marrow

Hyperplasia after chemotherapy

Brown fat Non-shivering thermoregulation
Infection/inflammation
Lung Bacterial Pneumonia, nocardiosis, abscess

Mycobacterial

Active tuberculosis, atypical mycobacteriosis

Fungal

Aspergillosis, coccidioides-mycosis, cryptococcosis,
blastomycosis

Granuloma

Granuloma, necrotizing granuloma, Wegner’
granulomatosis, sarcoidosis, histoplasma granuloma,
rheumatoid arthritis-associated lung disease, plasma cell
granuloma

Interstitial fibrosis

Fibrosing alveolitis, radiation pneumonitis

Allergic

Airway inflammation with asthma

Occupational

Inflammatory anthracosilicosis

Nonspecific

Acute inflammation with bronchiectasis and atelectasis,
tumor necrosis, reactive mesothelial cell, histiocytic
infiltrate, fibrous histiocytic infiltrate, aspiration
pneumonia with barium, aspiration pneumonia with
salivary and tracheal secretions, inflammatory
pseudotumor, organizing pneumonia

Mediastinum Esophagus

Esophagitis

Lymph node Chronic nonspecific lymphadenitis; cryptococcal;

tuberculosis; anthracosilicosis; active granuloma

Pleura Empyema
Pleural effusion

Nonmalignant tumors

Lung Chondrohamartoma

Pleura Fibrous mesothelioma

Bone Enchondroma
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Table 6. Continued

Nerve root Schwannoma

Aggressive neurofibroma

latrogenic
Trachea Tracheostomy tube
Skin and soft tissue Open lung biopsy

Irradiation

patients for mediastinoscopy or thoracotomy depending upon the test (PET and
CT) results, it is essential to establish the relationship between size and likelihood
of malignancy. In a recent meta-analysis, de Langen et al. [111] have evaluated
the dependency of FDG-PET on the lymph node size; in patients with a nega-
tive FDG-PET result, post-test probability for N2 disease was 5% for lymph nodes
measuring 10-15 mm on CT, suggesting that these patients should be planned for
thoracotomy as the yield of mediastinoscopy will be extremely low. For patients
with lymph nodes measuring >16 mm on CT and a negative FDG-PET result, the
post-test probability for N2 disease is 21%, indicating that these patients should be
planned for mediastinoscopy prior to possible thoracotomy to prevent too many
unnecessary thoracotomies in this subset.

Yang et al. [112] compared the diagnostic efficacies of integrated [18]F-FDG-
PET/CT images and contrast-enhanced helical CT images (ceCT) in locoregional
lymph node metastases in 122 potentially operable patients with proven or suspected
NSCLC and compared the results of preoperative nodal staging with postoperative
histopathological staging. Integrated PET/CT improved sensitivity, specificity, accu-
racy, positive predictive value, and negative predictive value as compared to ceCT in
the assessment of locoregional lymph nodes, and provided more efficient and accu-
rate data of nodal staging with a better effect on diagnosis and therapy in NSCLC.

Staging of Lung Cancer - Distant Metastases

Morphological Imaging

At the time of first presentation, occult metastases are present in approximately 30%
of patients with adenocarcinoma or large cell carcinoma as compared to 15% in

patients with squamous cell carcinoma [51]. Adrenal glands and liver are the most
common sites of extrathoracic occult metastases. Without clinical or laboratory
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Fig. 1. A Whole-body imaging by FDG-PET/CT - a ‘one stop shop’ NSCLC (squamous cell carci-
noma) of the left lung, centrally located (SUV,,.,, 17.9; ¢ 8.8 cm) with right adrenal metastasis
(SUVax 12.5, & 3.6 cm), lymph node metastasis and multiple bone lesions which were not appre-
ciable on CT alone. a Maximum intensity projection (MIP) image. b PET/CT coronal slice. ¢
Transversal slice (primary tumor). B Accurate localisation of adrenal lesion by fused FDG-PET/CT
images (a). Often molecular changes precede morphological changes: bone metastasis demon-
strated by FDG-PET without appreciable osteoblastic or osteolytic changes on CT (b, c).
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evidence, routine use of radiology is not advised for the work up of occult metastases.
In approximately 10% of patients with lung cancer, an adrenal mass on CT is seen.
However, CT alone often fails in differentiating benign adenoma which are present
in 3-5% of the overall population from metastases [52, 53]. Non-contrast-enhanced
CT followed by MRI has been reported as the most cost-effective morphologic eval-
uation for assessment of suspected adrenal masses [54]. Adrenal masses less than
10 HU on non-contrast-enhanced CT are generally benign; those adrenal masses
which fail to fulfill the CT criteria for a benign lesion are followed up with MRI.

FDG-PET

Li et al. [55] studied 107 newly diagnosed NSCLC patients with clinical T1 stage
and definite histologic or cytologic evidence using [18]F-FDG-PET/CT and com-
pared the FDG uptake of primary tumors in relation to nodal or distant metastases
at presentation. Significant differences were observed in primary tumor SUV
for different stages indicating FDG uptake is a potential indicator of metastases in
small primary lesion of NSCLC.

Vessele et al. [56] compared FDG uptake (after correction for partial volume effect)
in primary NSCLC to tumor histologic features and Ki-67 proliferation index and
found a significant positive correlation between FDG uptake and Ki-67 scores and
significant differences in FDG uptake across histologic subtypes and differentiation
groups. Bronchioalveolar carcinomas had lower FDG uptake and lower Ki-67 scores
than any other histologic subtypes. Non-bronchioalveolar adenocarcinomas had lower
FDG uptake and Ki-67 scores than squamous cell carcinomas or large cell undiffer-
entiated carcinomas. Better differentiated NSCLC had lower FDG uptake and Ki-67
scores than more poorly differentiated NSCLC. These differences parallel nearly iden-
tical differences in Ki-67 scores, implying that differences in NSCLC tumor cell prolif-
eration may give rise to commensurate differences in tumor glucose metabolism.

Al-Sarraf et al. [57] assessed retrospectively the clinical implication and prog-
nostic significance of the SUV|,, in 176 consecutive patients with histologically
proven primary NSCLC, staged by integrated PET/CT prior to curative intent
surgical resection. The SUV,,,, were correlated with tumor characteristics, lymph
node involvement, surgical stage, type of surgical resection and survival following
resection. Significantly higher SUV,,, were observed in centrally located tumors,
and tumors >4.0 cm in size. It was concluded that SUV, ., may be a useful preop-
erative tool, in addition to other known prognostic markers, in allocating patients
with potentially poor prognosis preoperatively to neoadjuvant chemotherapy prior
to resection to improve their overall survival.

One of the major advantages of PET over other imaging modalities is the
feasibility of performing a whole body scan in a single examination thereby
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Fig. 2. Small, intense hypermetabolic adrenal metastasis (a, d, see also triangulation on image
e) detected by FDG-PET/CT in a patient with centrally located NSCLC (a-c).

FDG-PET/CT:

Hypermetabolic primary

Benign

adrenal adenoma

HD 310911

Fig. 3. Enlarged adrenal gland (adenoma) in a patient with lung cancer - a diagnostic challenge
for CT. FDG-PET can clearly differentiate between benign changes and metastatic lesions based
on the glucose consumption (see also fig. 1B).
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allowing detection of distant and lymph node metastases along with the pri-
mary tumor (fig. 1). Once distant metastases are diagnosed, palliative treatment is
the only available treatment option, except for a single brain metastasis, which, in
selected cases can be cured by complete surgical resection followed by stereotactic
radiotherapy (e.g. gamma knife) or proton beam radiation. It has been documented
in several studies [41, 58-62] that FDG-PET is superior to CT and other conven-
tional imaging techniques in detecting distant metastases in patients with lung
cancer. The average frequency of occult extrathoracic metastases in these studies
was 13%; FDG-PET resulted in change in treatment management in 18% of all
patients studied. A significant correlation was observed between the ISS stage and
the frequency of metastases in patients with suspected stage III NSCLC prior to
conformational radiotherapy. The frequency of metastases was found to increase
with the increase in ISS stage of the disease; 7.5%, 18 and 24% in stage I, stage II
and stage III, respectively. Van Tinteren et al. [63] showed that in NSCLC selection
of patients for surgical resection can be improved significantly by the addition of
FDG-PET. Some studies have shown the superiority of integrated PET/CT over
CT or PET alone in staging of lung cancer [64, 65]. In the absence of integrated
PET/CT, visually correlated PET and CT is a valuable alternative. Pozo-Rodriquez
et al. have found similar performance of FDG-PET and helical CT in the medi-
astinal staging of NSCLC [66] which contradicts our experience and that of most
others.

FDG-PET has been shown to have high sensitivity in detection of adrenal
metastases [67] (fig. 2, 3). An enlarged adrenal is present in up to 20% of patients at
the time of initial presentation [68]. Pooled data on whole body FDG-PET yielded
a sensitivity and specificity of 97 and 98%, respectively [59, 68-70,114-116]. The
negative and positive predictive values were 98 and 94%, respectively. These data
demonstrate that FDG-PET has a high negative predictive value in the differential
diagnosis of small adrenal masses.

In the detection of brain metastases, FDG-PET has no significant role as the
positive and negative predictive values are much lower as compared to MRI [22].
For detection of bone metastases, FDG-PET has higher specificity (98% vs. 61%)
than skeletal scintigraphy [60, 71].

Kramer et al. [72] have shown that the tumor stage on FDG-PET is the most
significant prognostic factor for survival in patients with NSCLC. Nguyen et al.
[73] have shown in an important study that FDG tumor uptake is more valuable
than Glut-1 or Ki-67 expression in terms of predicting prognosis in patients with
resected NSCLC and that SUV,,,, is the only determinant of disease-free survival.
Analyzing 498 patients with lung cancer, including surgical and non-surgical
cases, Davies et al. [74] concluded that the high tumor uptake of FDG is associated
with worse survival. In stage 1 lung adenocarcinoma, FDG uptake was found to be
predictive of disease free survival [75].
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Yi et al. [76] compared prospectively the diagnostic efficacies of PET/CT and
3.0 T whole-body magnetic resonance imaging (MRI) for determining TNM stages
in 165 patients with histologically proven NSCLC and found that both imaging
modalities provide acceptable accuracy and comparable efficacy for NSCLC stag-
ing, but for M-stage determination, each modality has its own advantages.

Recurrence Detection

Conventional imaging and FDG-PET play a complimentary role in the detection
of tumor recurrences. FDG-PET is used to differentiate scar from viable recur-
rent tumor or residual tissue [113] based upon the increased glucose metabolism
in tumor tissue as compared to nonviable fibrotic tissue. FDG-PET detects local
recurrences of lung cancer with very high sensitivity (average of 98%) and very
good specificity of 87% [68]. False-positive findings may occur especially after
external radiation therapy (due to radiation pneumonitis).

Molecular (Metabolic) Radiation Therapy Planning

In patients with lung cancer, radiotherapy is used with curative as well as with pal-
liative intent. For effective radiation therapy, and to increase the therapeutic index,
exact staging of disease is essential [114]. The main cause of death after primary radi-
ation therapy of lung cancer is local recurrence, making it necessary to have precise
delineation of the extent of tumor and its size. MRI and CT scan often fail to differen-
tiate malignant from normal tissues, particularly when atelectasis, pleural effusion,
or normal tissue displacement occurs. During calculation of gross tumor volume
(GTV) and ultimately planning target volume this may lead to wide intra-observer
variation and radiation exposure to normal and benign tissues [115, 116, 160, 161].

Since in 3D conformational radiation therapy the isodoses can maximally fol-
low the delineated target volume, it is possible to increase the dose without caus-
ing damage to normal tissue [79, 117]. The coregistration of planning CT and
PET, with the patient in the same treatment position, is an exciting new tool for
improving the planning target volume by treating the metabolically active tumor
(‘biological target volume or BT'V) and not - as it is routine today — an anatomical
or morphological target volume based only on CT scan [118]. Several studies have
shown the importance of incorporating PET (fig. 4) in radiotherapy planning of
lung cancer [119-124] and different methods for the delineation of target volume
on PET have already been described [125].

In the first prospective study of its kind, describing the use of PET in 3D plan-
ning of radiation therapy in 27 patients with NSCLC, Schmiicking et al. [114]
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Fig. 4. Differentiating atelectasis (non-FDG-avid) from vital tumor (FDG-avid) and obtructive
pneumonitis (non- or only mild FDA-avid) by FDG-PET. This is especially important for patients
with functionally inoperable primary tumors before external beam radiation therapy.

concluded that PET is an important complimentary tool to morphological imag-
ing used for exact localization of nodal tumor involvement as well as for determin-
ing the extent of the primary tumor; radiation therapy could be delivered with less
toxicity in most patients; and better tumor control may be possible by molecular
(metabolic) radiation therapy planning.

Recent research has focused on establishing the optimum thresholds for maxi-
mum standardized uptake value calculation. The result suggests that 15-20% may
be the appropriate threshold value; however, Bihl et al. [126] have shown that there
is no single threshold delineating the PET g1y accurate for volume definition when
compared with that provided by the CTgry in the majority of NSCLC patients.
In fact, several issues have to be taken into consideration for defining the target
volumes [125, 127, 128].

A recent study [129] has shown that glucose metabolic rate derived from
dynamic PET/CT were significantly smaller than SUV-based volumes. These
findings can be of importance for PET-based radiotherapy planning and therapy
response monitoring. The role of PET in radiotherapy is also highlighted in a study
by Cherk et al. [127] using [18]F-FDG as well as [18]F-fluoromisonidazole PET
and shows that the hypoxic cell fraction of primary NSCLC is consistently low.
Since the response to external beam radiotherapy is highly dependent on the oxy-
gen concentration in the target tissue, this study has far-reaching consequences.

FDG-PET/CT in Lung Cancer: An Update 31



Chx24d

Fig. 5. a-c Response assessment postchemotherapy by FGD-PET/CT: changes in tumor metab-
olism (PET) precede size changes (CT). Therapy response after one cycle (24 days) chemotherapy
demonstrated by FDG-PET (a), when CT image still shows enlarged lymph node (b), and at 9
weeks (c): metabolic complete remission (mCR).
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Prediction and Monitoring Response to Therapy

Tumor response is usually assessed according to the WHO or the RECIST crite-
ria. In solid tumors, morphologic changes induced by therapy usually take several
weeks to months to occur (fig. 5, 6), thereby subjecting the nonresponding patients
to unnecessary side effects of chemotherapy or radiotherapy. Apart from that, the
relative inability of morphologic imaging to differentiate scar tissue from viable
tumor with high degree of specificity may lead to masking of tumor regression.

In the response assessment of lung cancer patients, PET is used in three main
areas: assessment of response to neoadjuvant chemotherapy [130, 131], early
assessment of response to therapy and restaging after completion of therapy [6].
The potential of FDG-PET in the evaluation of response to inductive chemo-
therapy in lung cancer patients has been assessed by Baum et al. [132]. A close
correlation between histomorphometric studies and the results of PET imaging
was found. In 26 patients treated with neoadjuvant chemotherapy, Ryu et al. [133]
found a sensitivity and specificity of FDG-PET of 88 and 67%, respectively, for
the diagnosis of tumor viability and of 58 and 97%, respectively, in nodal restag-
ing. Akhurst et al. [134] reported a very high negative predictive value of 98% for
the detection of viable residual tumor tissue, but a low diagnostic accuracy (52%)
for nodal tumor status. Poettgen et al. [135] concluded that the corrected SUV,,,,
from two serial PET/CT scans, before and after three chemotherapy cycles or later,
allows prediction of histopathologic response in the primary tumor and mediasti-
nal lymph nodes and have prognostic value.

Su et al. [136] have shown that glucose metabolic activity as measured by FDG-
PET reflects the response to gefitnib (endothelial growth factor receptor kinase
inhibitor). Weber et al. [137] used FDG-PET for the early assessment of response
to chemotherapy in 57 patients with NSCLC 1 and 3 weeks after the first cycle of
chemotherapy and found a significant correlation between the metabolic activity
and the final outcome after therapy. Whereas the early metabolic response pre-
dicted a better survival after the first 3 cycles of chemotherapy, a poor response
was associated with disease progression, which opens the possibility of exclud-
ing nonresponders from the treatment regime and thereby reducing the morbidity
and cost of treatment.

Cerfolio et al. [138] demonstrated that repeat PET/CT is superior to repeat CT
for the restaging of patients with stage IIIA NSCLC after neoadjuvant chemoradio-
therapy and also concluded that the percent decrease in the SUV,,,, of the primary
and of the involved lymph node is predictive of pathology; however, nodal biopsy
is required as a persistently high SUV, ., does not equate to residual cancer.

A high correlation between tumor FDG uptake after chemoradiotherapy and
patient outcome was also confirmed by Hellwig et al. [139] in 47 patients after pre-
operative chemoradiotherapy. Patients were classified as responders, if the SUV
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Prechemotherapy

Fig. 6. FDG-PET/CT for evaluation of patients post chemotherapy (3 cycles cisplatinum/pacli-
taxel): CR (according to PERCIST) on PET whereas CT showed PR. Lobectomy with radical lymph-
adenectomy was performed and histopathologically revealed complete remission (CR) without
evidence of vital tumor tissue confirming the FDG-PET result.

of the primary tumor was <4. Median survival after resection was greater than 56
months for PET responders and 19 months for PET nonresponders (p < 0.001).
Schmiicking et al. [140, 205] have demonstrated a significant correlation between
histologic results and the PET findings for tumor regression and survival in locally
advanced NSCLC after neoadjuvant treatment.

Nahmias et al. [141] prospectively studied 16 patients with NSCLC weekly for 7
weeks after 2 courses of docetaxel and carboplatin. They observed that the patients
with NSCLC, who had a positive outcome, as exhibited by prolonged survival,
were those who showed a tumor metabolic response assessed using weekly [18]
F-FDG-PET studies. [18]F-FDG-PET studies performed at 1 and 3 weeks after the
initiation of chemotherapy allowed prediction of the response to therapy.

Tanvetyanon et al. [142] reported on a prospective trial that examined the abil-
ity of changes in computed tomography (CT) or FDG-PET before and after neo-
adjuvant chemotherapy for resectable NSCLC to predict survival and to define an
appropriate imaging evaluation for these patients so that therapy, and hopefully
outcome, could be optimized. CT response, defined by RECIST criteria, seems
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to predict outcomes only in resectable stage III patients. However, no statistically
significant correlation was found between the CT response and survival in resect-
able stage I and II disease. The investigators also studied whether FDG-PET was
a better predictor of survival compared with conventional imaging. Interestingly,
the investigators could not find changes in FDG uptake to predicted outcome and
serial PET studies did not provide the information needed to guide patient man-
agement. This is a different conclusion than reported by other groups. However,
one of the limitations of this study was the low number of patients.

Similar caution in evaluating FDG-PET in NSCLC patients after neoadjuvant
chemotherapy has been also reported by Poettgen et al. [143]. SUV and resid-
ual tumor volumes from FDG-PET/CT were correlated with histopathological
parameters of the resection specimens (tumor cell density, necrosis, scar, mac-
rophage infiltration) in patients with locally advanced NSCLC (stage IIIA/IIIB)
after neoadjuvant induction chemotherapy (platinum-based doublet) and concur-
rent chemoradiotherapy (cisplatin/vinorelbine, 45 Gy). Based on their observa-
tions in this study, the authors concluded that postinduction FDG uptake should
be interpreted with caution in larger residual tumor volumes since high SUV lev-
els may be due to macrophage infiltration and not viable tumor tissue.

Vessele et al. [144] prospectively evaluated the prognostic significance of [18]
F-FDG uptake in primary NSCLC in a carefully staged population. In 208 poten-
tially resectable NSCLC patients, the tumor stage was prognostic in NSCLC.
However, tumor FDG uptake did not provide additional prognostic information.
This prospective study contradicts prior reports.

Pleural Metastases

FDG-PET has also been used for the assessment of pleural mass or pleural effu-
sion for evidence of malignancy [145]. In a study conducted by Erasmus et al. [12,
25] in 25 patients with suspected malignant pleural effusion, the sensitivity, speci-
ficity and positive predictive value of FDG-PET were found to be 95, 67 and 95%,
respectively, demonstrating that FDG-PET will help in the appropriate staging of
NSCLC patients with pleural effusions. Schaffler et al. [146] have compared the
utility of FDG-PET with CT in 92 patients for their ability to differentiate benign
from malignant pleural effusion. FDG-PET was found to have sensitivity, specific-
ity and positive predictive values of 100, 71 and 63%, respectively. The difference
in the positive predictive value from the previous study by Erasmus and coworkers
is attributed to the inclusion of a relatively large number of patients with benign
pleural disease. This study also demonstrated that CT was indeterminate in 71%
of the patients. The pleural dissemination of adenocarcinoma lung is best diag-
nosed using the CT component of their FDG-PET/CT study, since lesions causing
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pleural involvement without pleural effusion is beyond the resolution of PET
[147]. Research is on-going to find out the role of FDG-PET/CT in pleural meso-
thelioma and the initial results are very promising [148].

Cost-Effectiveness

One of the major concerns in the routine use of PET in clinical practice are costs
associated with FDG-PET studies. However, FDG-PET also has the potential to
lead to cost savings by reducing the number of expensive invasive procedures.
Several studies have demonstrated the cost-effectiveness of PET in the manage-
ment of NSCLC patients. Cost of patient care and life expectancy was taken as
the criteria for assessment of cost-effectiveness. In spite of differences in med-
ico-economic data due to diversities in the health care structure, various studies
from the United States, Europe, Japan and Australia have come to the common
conclusion that FDG-PET is cost-effective for the differentiation of lung nod-
ules as well for the pre-operative staging of NSCLC [149-156, 206-216]. A study
comparing confirmatory and selective mediastinoscopy in patients with positive
FDG-PET has shown approximately double the cost savings per patient (USD
2,267 vs. 1,154) at the cost of missing out 1.7% of patients who might have been
cured [152].

Recently, Pompen et al. [157] performed a retrospective medical chart review by
collecting data from the time of diagnosis until the time of death or the end of the
evaluation period. In addition to the demographic data, they also collected infor-
mation on the overall management of the patient. Hospital resource utilization
data collection included number of outpatient specialist visits, number and length
of hospitalizations, type and number of diagnostic and laboratory procedures,
type and number of radiotherapy cycles and detailed information on chemother-
apy. To evaluate the economic impact of second-line treatment, a distinction was
made between patients who received only best supportive care (BSC, group A)
and those who received chemotherapy as a second-line treatment in addition to
BSC (group B). The study, performed from the hospital perspective and reports on
2005 costs, showed that these patients show high medical resource consumption,
with hospitalization being the main cost driver in both groups. As economic argu-
ments are becoming increasingly important in medical decision-making on both
national and local levels, this information is relevant for both, policy makers and
specialists.

Based upon the multitude of data available on the higher sensitivity and speci-
ficity of PET/CT and the ability to predict early response and change management
strategies, it can be seen that FDG-PET/CT holds great promise for decreasing the
cost burden on the health system.
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Small Cell Lung Cancer

SCLC is a tumor of neuroendocrine origin with an aggressive growth pattern,
often metastasizing early and proliferating rapidly. The role of FDG-PET in the
staging of SCLC is somewhat controversial [158]. According to Detterbeck et al.
[159], the clinical presentation and radiographic appearance of the disease are suf-
ficiently characteristic to negate the need for further evaluation. However, the few
studies that evaluated the role of FDG-PET as compared to conventional radio-
graphic imaging have demonstrated that PET changed patient management in
8.3-29% of the patients [160, 161]. Patients having extensive disease were treated
with chemotherapy whereas those having limited disease received chemoradio-
therapy. Kruger et al. [162] have demonstrated low FDG uptake in patients with
highly differentiated, low proliferative pulmonary neuroendocrine tumors (so-
called typical carcinoids), necessitating biopsy and surgical resection, even if the
FDG-PET study does not show any hypermetabolic activity. The recent research
in SCLC has shown some promising results on the use of integrated PET/CT in
SCLC by simplifying and even improving the accuracy of current staging protocol
[163] as well as in response evaluation [164, 165].

A recent study by Kut et al. [166] found that PET is potentially useful for the
initial staging and monitoring of patients with SCLC and it may be superior to
bone scan in detecting bone metastasis. The cost-effectiveness of PET scan in
SCLC remains to be determined.

Niho et al. [167] retrospectively investigated the clinical usefulness of FDG-
PET for the evaluation of patients with limited-disease small cell lung can-
cer (LD-SCLC) diagnosed by conventional staging procedures. They observed
that FDG-PET could detect additional lesions in patients diagnosed as having
LD-SCLC by conventional staging procedures. The therapeutic strategies were
changed in 8% of patients based on the results of FDG-PET. The authors recom-
mended that FDG-PET should be used as the initial staging tool for patients with
this disease.

In conclusion, FDG-PET also has a definite role in the initial staging of SCLC
patients.
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Abstract
Accurate staging of lung cancer is requisite to choose the optimal therapeutic strategy and is
very important for prognosis. Multimodality diagnostic imaging is currently used for detection,
staging, and follow-up. Whole-body FDG PET/CT provides ‘anatometabolic’ information and
improves diagnostic accuracy especially for M-staging. MRI has unrivalled tissue contrast, pro-
vides very exact morphological information, and does not involve ionizing radiation compared
to PET/CT. MRl is widely used for diagnosing and characterizing pathologies in all regions of the
body. The use of multiple receiver channels and parallel imaging enables examination of the
whole body with shorter acquisition time while high image quality is maintained. This article
gives an overview of initial clinical results obtained with whole-body MRI in staging lung cancer.
Copyright © 2010 S. Karger AG, Basel

Magnetic resonance imaging (MRI) provides excellent soft tissue contrast and
high spatial resolution without using ionizing radiation. A large number of stud-
ies have proven MRI to be superior in detecting parenchymal and osseous lesions,
especially metastases in the liver bone, and brain [1-3].

A new generation of whole-body MRI scanners with field strengths of 1.5 or 3
Tesla allows the examination of the entire human body in an acceptable scan time
and we can now make use of the excellent spatial resolution of this modality for
examination of all body regions in the clinical setting.

A reliable imaging modality enabling adequate T-, N- and M-staging is neces-
sary for efficient treatment of lung cancer. FDG PET/CT has become the standard
for staging lung cancer and several clinical studies have proven its superior diag-
nostic accuracy [4-6]. First clinical reports on whole-body MRI show its potential
to perform accurate and efficient TNM staging of lung cancer.



Technical Aspects of Whole-Body MRI

A standard MRI scanner does not provide enough surface coils to cover the whole
body. Performing whole-body MRI on such a scanner would require patient repo-
sitioning for imaging of each body compartment, which is very time consuming
and would be unacceptable to patients.

The first development toward whole-body MRI (Angio SURE, Body SURF) was
made by the University Hospital in Essen, Germany [7]. They designed a rolling
table platform enabling stepwise imaging of the body using the standard spine and
one surface coil. With this technique it became possible to image the whole body
within an acceptable time range but compromised spatial resolution especially in
the head/neck region and extremities.

An important recent addition is the total imaging matrix (TIM) system devel-
oped by Siemens Medical Solutions (Erlangen, Germany). Multiple coils with
up to 76 elements and up to 32 independent receiver channels allow a more dif-
ferentiated examination of the body because the individual coils are optimized
for different body region (fig. 1). The advent of parallel imaging techniques has
decreased scan time without loss of image quality [8-10]. Parallel imaging tech-
niques in conjunction with a moving table and multi-element coil systems are
used by other manufactures such as GE Healthcare (Milwaukee, Wisc., USA) and
Philips Medical Systems (Best, Netherlands).

Staging of Lung Cancer Using Whole-Body MRI

So far, little literature is available on TNM staging of lung cancer using the
recently introduced new generation of whole-body MRI scanners (table 1). With
the advent of these scanners, fast imaging of the whole body with high spatial
and temporal resolution of each body compartment has become feasible. FDG-
PET was developed for better staging of distant metastases to lymph nodes and
other organs and structures [6]. Staging efficacy has improved further by com-
bining PET and CT for simultaneously obtaining metabolic and morphological
data [4, 5].

The first two studies investigating staging of malignant disease with whole-
body MRI still found a superiority of PET/CT for T and N staging but similar or
better diagnostic accuracy for detection of metastatic spread [11, 12]. Both stud-
ies included patients with lung cancer and other malignancies. Antoch et al. [11]
investigated 98 patients with various malignancies (29 patients with lung cancer)
using a standard 1.5-Tesla MRI scanner with a newly designed rolling table and
standard surface coil. This innovation resulted in faster acquisition but lower spa-
tial and temporal resolution, especially of head, neck and extremities, compared
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Fig. 1. Multiple coils optimized for each body region and comprising up to 76 elements and up
to 32 receiver channels cover the whole human body. With this total imaging matrix (TIM;
Siemens, Erlangen, Germany) technology a length of 2.05 m from head to toe can be scanned
with sequential or continuous table movement.

with standard examination protocols. The authors performed whole-body MRI
using pre- and post-contrast T,-weighted and T,-weighted sequences with iden-
tical parameters from head to toe and achieved a diagnostic accuracy of 52% for
T-staging, 79% for N-staging, and 93% for M-staging compared with 80, 93, and
94% for PET/CT.

Schmidt et al. [10] examined 41 patients with various tumor entities using a
new generation of MRI scanner with TIM and parallel imaging. They a found a
similar performance of PET/CT and whole-body MRI in T-staging (86% diagnos-
tic accuracy) and a lower accuracy in N-staging (97% PET/CT, 82% WB-MRI).
Most notably, WB-MRI missed nearly all lymph nodes smaller than 1 cm.

In contrast, whole-body MRI was found to have superior diagnostic accuracy
for M-staging (100%) compared to PET/CT (97%). Bone, liver and brain metasta-
ses were better detected with WB-MRI and soft tissue metastases were better seen
with PET/CT.

An improved performance in M-staging was also reported by Ohno et al. [13].
They investigated 90 patients with lung cancer and found a diagnostic accuracy
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Table 1. Diagnostic accuracies (%) reported for TNM-staging of lung cancer using whole-body
MRI in comparison with PET/CT

Study Year Scanner type T N M

Antoch etal.[11] 2003 1.5Tesla, rolling table, body coil 52 79 93

Schmidtetal.[12] 2005 1.5Tesla, TIM system, parallel imaging 86 82 100

Ohno et al. [13] 2007 1.5Tesla, rolling table, body coil 80
Yietal.[14] 2008 3Tesla, rolling table, multi-elements coils 86 68 86
PET/CT (all studies) 80-86 70-97 73-97

of 80% with whole-body MRI and 73.3% with PET/CT. This investigation used a
1.5-Tesla scanner with moving table and standard body coil and a differentiated
sequence protocol comprising pre- and post-contrast T'-weighted gradient echo
(GRE), opposed-phase GRE, and T,-weighted STIR sequences in coronal and sag-
ittal planes.

A more recent study published by Yi et al. [14] used a 3-Tesla scanner with
an advanced coil system. This technique with a higher magnetic field strength
promises higher spatial and temporal resolution as a result of improved signal-
to-noise ratio. The investigators employed a special cardiac coil with six coil ele-
ments for chest scans and a four-element body coil integrated into the bore for
whole-body examination. They examined a total of 165 patients with non-small
cell lung cancer and found comparable accuracies for PET/CT and whole-body
MRI for all T- (86% WB-MRI, 82% PET/CT), N- (68%, 70%) and M-stages (both
86%). Similar to Schmidt et al. [10], they found whole-body MRI to be superior in
detecting brain and liver metastases and PT/CT in detecting lymph node and soft
tissue metastases. Ohno et al. [15] also investigated the use of diffusion-weighted
sequences for whole-body MRI and found a diagnostic accuracy as good as that
of integrated PET/CT (87.7% WB-MRI with diffusion-weighted imaging, 88.2
PET/CT).

Based on these insights and our experience with lung cancer imaging, we
developed an MRI protocol (table 2) comprising T,-weighted TIRM sequences
for the whole-body scan and optimized sequences for each relevant body region.
The TIRM sequence (fig. 2) is used to search for hyperintensities that represent
either fluid-containing structures such as the bladder, stomach or spinal fluid or
primary and secondary malignancies with an increased cell account. Such tumors
are seen as hyperintensities. An example with lesions in the lungs, bones, and liver
is shown in figure 2.
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Table 2. Sequence protocol for staging lung cancer using whole-body MRI

Body region Sequence Plane TR TE Matrix Time
Whole body TIRM coronal 4,891 67 240%320 12:09
Spine T2-TSE sagittal 3,760 106 448x448 02:04
Spine T1-TSE sagittal 676 12 448x448 02:42
Head diffusion axial 8,000 78 154%192 01:36
Head T1-TSE axial 500 7.7 192x256 01:40
Head T2-TSE axial 5,000 134 230x512 01:27
Thorax T1-3D GRE axial 3.08 1.07 208%x256 00:21
Thorax T2-HASTE axial 550 22 153%256 00:35
Thorax diffusion axial 1,700 72 115%192 02:55
Liver T2-TSE axial 2,700 116 256x256 01:16
Adrenal gland T1-3D GRE-DIXON axial 7.51 2.38 150%320 00:20
Abdomen T1-2D GRE axial 251 413 129%256 01:17
Pelvis T1-2D GRE axial 251 413 129%x256 00:58
Pelvis T2-TSE axial 3,230 34 256x256 02:43
Contrast medium injection (gadobutrol (GADOVIST) at a dose of 0.1 ml/kg/BW)

Chest T1-3D GRE axial 3.08 1.07 208x256 00:21
Abdomen T1-2D GRE axial 251 4.13 129x256 01:17
Pelvis T1-2D GRE axial 251 413 129x256 00:58
Head T1-TSE axial 500 7.7 192x256 01:40
Head T1-TSE sagittal 580 17 166x256 02:13

Afterwards, each relevant compartment such as the vertebral spine, head, chest,
and abdomen will be scanned with an optimized sequence protocol for detection
and differentiation of distant metastases (fig. 3). The protocol includes a dual-
echo GRE sequence (Dixon), which mainly serves to characterize adrenal masses
by estimating fat content and thereby contributing to the differentiation of ade-
noma from metastasis. Additionally, contrast-enhanced sequences are acquired to
detect malignant tumors based on abnormal enhancement. The duration of the
examination varies with the patient’s condition but the whole procedure will not
last longer than 60 min.
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Fig. 2. Whole-body TIRM sequence (a) acquired in a 52-year-old man showing
right hilar non-small cell lung cancer (T, arrowhead), multiple liver metastases
(M, arrowhead), bone metastases (M, arrowhead), and bilateral osteonecrosis of
the femur head, distal femur, and proximal tibia (arrows) secondary to chemo-
therapy. Focused thoracic imaging (T;-weighted GRE 3D (b), T,-weighted HASTE
(c), diffusion-weighted (DW) sequence (d)) shows the tumor (T3) infiltrating the
right hilum with lymph node metastases (N2) in the upper and lower mediasti-
num. Also detected were poststenotic infiltration (arrowhead) and pleural effu-
sion (arrow).
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Fig. 3. a T,-weighted TSE sequence of the whole spine demonstrates multiple
metastases (arrows) of the vertebral bodies, most of which are located in the
lumbar spine, but also intraspinal lesions (arrowhead). b Multiple brain metas-
tases (arrows) were seen on post-contrast T,-weighted TSE images after the
intravenous injection of gadolinium-based contrast medium. ¢ Abdominal
imaging with T,-weighted TSE sequence demonstrates multiple liver metasta-
ses (arrows). The largest metastasis in segment 4b and 8 has a necrotic center
(arrowhead).
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Conclusions

Initial reports in the literature on TNM staging of lung cancer with whole-body
MRI in comparison to PET/CT suggest that both modalities provide sufficient
accuracy and efficacy. Whole-body MRI seems to have advantages in detecting
brain and liver metastases while PET/CT appears to be superior in detecting lymph
node and soft tissue metastases. These results are achieved using new-generation
MRI scanners with moving table and multi-elements coil systems. Higher mag-
netic field strength increases temporal and spatial resolution and may improve
detection of small lymph nodes for N-staging. Diffusion-weighted sequences also
improve detection and characterization of distant metastases.

Development of an integrated PET/MRI scanner may further increase diagnos-
tic accuracy by combining the advantages of both modalities.
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Abstract
Endobronchial ultrasound (EBUS) has emerged as a new diagnostic tool that allows the bronchos-
copist to see beyond the airway. The radial probe EBUS was first introduced to evaluate the airway
structure, which has been shown to be useful for identifying the extent of tumor invasion in the
central airway. The newest development is the convex EBUS-TBNA scope with a curvilinear elec-
tronic transducer on the tip of a flexible videoscope. Linear EBUS allows a real-time EBUS-guided
TBNA. Although the main indication for EBUS-TBNA is lymph node staging, it can also be used for
diagnosis of intrapulmonary tumors, of unknown hilar and/or mediastinal lymphadenopathy, and
of mediastinal tumors. To date, there are no reports of complications related to EBUS-guided TBNA.
Itis a novel approach that has a good diagnostic yield with excellent potential in assisting safe and
accurate diagnostic interventional bronchoscopy. The aim of this review is to highlight the current
status of the EBUS-TBNA technique and to discuss the future direction of EBUS.

Copyright © 2010 S. Karger AG, Basel

Lung cancer is one of the most common cancers. Despite the advances in surgical
treatment and multimodality treatment, lung cancer is still the leading cause of
death from malignant disease worldwide [1].

Accurate staging of the disease is important not only to determine the progno-
sis but also to decide the most suitable treatment plan. During the staging process,
mediastinal lymph node staging is one of the most important factors that affect
the patient outcome. Mediastinal staging can be divided into noninvasive staging
(imaging) and invasive staging (sampling).

Computed tomography (CT), magnetic resonance imaging (MRI), positron
emission tomography (PET) and PET-CT are used for noninvasive imaging
[2-5].

Other imaging modalities include the use of esophageal ultrasound (EUS) and
endobronchial ultrasound (EBUS) using a radial probe for detecting even small



mediastinal lymph nodes [6, 7]. Invasive staging provides a definitive tissue diag-
nosis by surgical biopsy or needle biopsy. Mediastinoscopy is still the gold stan-
dard for mediastinal lymph node staging [8, 9].

However, it requires general anesthesia, and complications cannot be ignored.
Various needle biopsy techniques exist, including conventional bronchoscopic
transbronchial needle aspiration (TBNA), EUS-guided fine-needle aspiration
(EUS-ENA), CT fluoroscopy-guided TBNA, and EBUS-guided TBNA using the
radial probe [10-14]. Each of these methods has its limitations.

There has been a need for a new modality with a high yield, enabling pul-
monologists and thoracic surgeons to assess the mediastinum easily and safely.
In 2003, a new endoscope with built-in linear probe ultrasound (US) on the tip
enables real-time guidance during TBNA was available.

Compared to the radial probe EBUS, the linear US images are easier to under-
stand. After preliminary studies showing the efficacy of EBUS-TBNA in surgical
lung specimens [15], different groups reported the clinical use of EBUS-TBNA for
the assessment of mediastinal and/or hilar lymph nodes.

EBUS-TBNA is now being performed in more than 500 centers around the
world [16]. Publications concerning the use of EBUS-TBNA in patients with respi-
ratory disease indicate the effectiveness of this new modality. In this article, the
role of EBUS-TBNA in the management of lung cancer is reviewed. In particular,
its usefulness in the diagnosis and staging of lung cancer is discussed.

EBUS-TBNA: Technique

The EBUS-TBNA scope is a US puncture bronchoscope with a 7.5-MHz con-
vex transducer placed at the tip of a flexible bronchoscope (BF-UC260F-OLS;
Olympus, Tokyo, Japan). This EBUS-TBNA is a linear curved array transducer
that scans parallel to the insertion direction of the bronchoscope (fig. 1). Images
can be obtained by directly contacting the probe to the bronchial wall. The US
image is processed in a US scanner and is visualized along with the conventional
bronchoscopy image.

The outer diameter of the insertion tube of the EBUS-TBNA is 6.2 mm, and
that of the tip is 6.9 mm. The angle of view is 90°, and the direction of view is
35° forward oblique. The inner diameter of the instrument channel is 2.0 mm.
A dedicated 22-gauge needle is used to perform EBUS-TBNA. The needle is also
equipped with an internal sheath that is withdrawn after passing the bronchial
wall, avoiding contamination during TBNA. This internal sheath is also used to
clear out the tip of the needle after passing the bronchial wall.

The use of this sheath has significantly increased the yield of EBUS-TBNA.
The exit of the needle is at 20° with respect to the outer covering of the insertion
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Fig. 1. Tip of the ultrasonic puncture bronchoscope and the 22-gauge transbronchial needle
aspiration (TBNA) needle is inserted through the working channel to perform direct real-time
endobronchial ultrasound-guided transbronchial needle aspiration (EBUS-TBNA).
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Fig. 2. Representative case of EBUS-TBNA. An EBUS scan demonstrates station 4r lymph node.
The 22-gauge needle is seen in the lymph node.

tube. The needle can be visualized through the optics and on the US image (fig. 2)
[17].

Because the endobronchial images obtained by the EBUS-TBNA scope is not
as clear as the conventional flexible videoscope image, most of the users prefer to
examine the tracheobronchial tree using the conventional scopes.

All procedures can be performed under local anesthesia and conscious seda-
tion (midazolam) [18]. Nasal insertion may be difficult owing to the probe on the
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Fig. 3. Puncture of the lymph node in position 10r, the vessel is seen with the help of the Doppler
mode.

tip of the scope. After identifying the lesion of interest with EBUS-TBNA, the sur-
rounding structures are visualized with the use of the Doppler mode to confirm
blood vessels (fig. 3). The dedicated TBNA needle is inserted through the work-
ing channel of the bronchoscope, and the lesion is punctured under direct EBUS
guidance (EBUS-TBNA).

Indications for EBUS-TBNA are assessment of mediastinal and hilar lymph
nodes, diagnosis of lung tumors, and diagnosis of mediastinal tumors. All of the
mediastinal lymph nodes except for the subaortic and paraesophageal lymph
nodes (levels 5, 6, 8, and 9) are assessable by EBUS-TBNA. Also the hilar nodes
[10-12] are approachable [17].

Clinical Results

To date, several papers have been published on this procedure. Krasnik et al. [15]
reported on 11 patients in whom 15 lesions were punctured, without complica-
tions. The lesions were located as follows: 4 in region 10L, 4 in region 10R, 1 in
region 4L, 3 in region 4R, 1 in region 1, 1 in region 7, and 1 in region 2R. The
lesions ranged from 7 to 80 mm. Biopsies obtained through EBUS-FNA showed
malignant cells in 13 lesions and benign cells in 2.

Yasufuku et al. [19] published his first experience in a few patients in 2004. In
his second trial [20], he examined 70 patients with mediastinal (n = 58) and hilar
lymph nodes (n = 12). The sensitivity, specificity, and accuracy of EBUS-TBNA
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in distinguishing benign from malignant lymph nodes were 95.7, 100, and 97.1%,
respectively. There were no complications.

In a European paper by Rintoul et al. [21] EBUS-TBNA was used in 18 patients.
Cytology revealed node (N)2/N3 disease in 11 patients and provided a primary
diagnosis in 8 patients. Cytology results for EBUS-TBNA samples were negative
in 6 patients, and mediastinoscopy or clinical follow-up confirmed this result in
4. Sensitivity, specificity, and accuracy for EBUS-TBNA were 85, 100, and 89%,
respectively.

The largest trial reported the results of the method in 502 patients [12]. 572
lymph nodes were punctured, and 535 (94%) resulted in a diagnosis. Biopsies were
taken from all reachable lymph node stations (21, 2r, 3, 4r, 41, 7, 10r, 101, 11r and
111). Mean (SD) diameter of the nodes was 1.6 cm (0.36 cm) and the range was 0.8
to 3.2 cm. Sensitivity was 92%, specificity was 100%, and the positive predictive
value was 93%. Like in all other trials no complications occurred.

The Danish-German group [23] examined in addition the accuracy of EBUS-
TBNA in sampling nodes less than 1 cm in diameter. Among 100 patients 119
lymph nodes with a size between 4 up to 10 mm were detected and sampled.
Malignancy was detected in 19 patients but missed in 2 others; all diagnoses were
confirmed by surgical findings. The mean (SD) diameter of the punctured lymph
nodes was 8.1 mm. The sensitivity of EBUS-TBNA for detecting malignancy was
92.3%; the specificity was 100%; and the negative predictive value was 96.3%. Again
no complications occurred. They summarized, that EBUS-TBNA can sample even
small mediastinal nodes, therefore avoiding unnecessary surgical exploration in
1 of 5 patients who have no CT evidence of mediastinal disease. Potentially oper-
able patients with clinically nonmetastatic NSCLC may benefit from presurgical
EBUS-TBNA biopsies and staging.

A study comparing EBUS-TBNA, CT, and PET for lymph node staging of lung
cancer showed a high yield for EBUS-TBNA [24]. Altogether, 102 potentially
operable patients with proven (n = 96) or radiologically suspected (n = 6) lung
cancer were included in the study. CT, PET, and EBUS-TBNA were performed
prior to surgery for the evaluation of mediastinal and hilar lymph node metas-
tasis. The sensitivities of CT, PET, and EBUS-TBNA for the correct diagnosis of
mediastinal and hilar lymph node staging were 76.9, 80.0, and 92.3%, respectively;
the specificities were 55.3, 70.1, and 100%, respectively, and the diagnostic accu-
racies were 60.8, 72.5, and 98.0%, respectively. EBUS-TBNA was proven to have
high sensitivity and specificity, compared to CT or PET, for mediastinal staging in
patients with potentially resectable lung cancer.

Restaging of the mediastinum is another area of growing interest for the treat-
ment strategy of lung cancer. In cases of advanced lymph node stage lung cancer,
induction chemotherapy prior to surgical resection is an option. Mediastinoscopy
is considered the gold standard for staging the mediastinum. However,
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re-mediastinoscopy can be technically difficult and is therefore not commonly
performed. The ability to perform multiple, repeat biopsies using EBUS-TBNA
allows restaging of the mediastinum after the introduction of chemotherapy.

A group of 124 consecutive patients with tissue-proven IIIA-N2 disease who
were treated with induction chemotherapy underwent mediastinal restaging by
EBUS-TBNA. The sensitivity, specificity, positive predictive value, negative pre-
dictive value, and diagnostic accuracy of EBUS-TBNA for mediastinal restaging
following induction chemotherapy were 76, 100, 100, 20, and 77%, respectively.
EBUS-TBNA is an accurate, minimally invasive test for mediastinal restaging
of patients with NSCLC. However, because of the low negative predictive value,
tumor-negative findings should be confirmed by surgical staging [24].

EBUS-TBNA can be also used for the diagnosis of intrapulmonary nodules as
well as mediastinal and hilar lymph nodes. The limitation is the reach of EBUS-
TBNA, which depends on the size of the bronchus. Usually, the EBUS-TBNA can
be inserted as far as the lobar bronchus. Lung tumors located adjacent to the air-
way within reach of EBUS-TBNA can be diagnosed with EBUS-TBNA. Tornouy et
al. [26] have reported their experience is this indication. In 60 patients, who have
had a nondiagnostic bronchoscopy before, they were able to establish the defini-
tive diagnosis in 77% without any complication.

Complications

Complications related to the procedure are similar to those of conventional TBNA
including bleeding from major vessels, pneumomediastinum, mediastinitis, pneu-
mothorax, bronchospam and laryngospasm. All authors have not encountered
complications related to EBUS-TBNA and to date there are no major complica-
tions reported in the literature. Although EBUS has enabled the bronchoscopist to
see beyond the airway, one must be aware of the possible complications related to
the procedure [27, 28].

Conclusion

EBUS-TBNA has emerged as a new instrument that enables real-time TBNA of
the mediastinum, hilum, and intrapulmonary nodules. It is a minimally invasive,
safe procedure that is useful and effective for the diagnosis and staging of NSCLC.
More prospective data describing the diagnostic yield of EBUS-TBNA com-
pared to conventional tools are needed to support the value of this new modality.
However, based on the current experience, EBUS-TBNA can be used as the first
test for patients with undiagnosed mediastinal lymphadenopathy either with or
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without a lung mass. It is an attractive procedure that allows simultaneous lymph
node staging as well as diagnosis.
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Diagnostic Workup
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New Developments in
Videomediastinoscopy: Video-Assisted
Mediastinoscopic Lymphadenectomy and
Mediastinoscopic Ultrasound

Biruta Witte

Sektion Thoraxchirurgie, Lungenzentrum Koblenz, Katholisches Klinikum Koblenz, Koblenz, Germany

Abstract

Background: Mediastinal lymphadenectomy is usually performed at thoracotomy together
with lung resection. It is a prerequisite for accurate nodal staging and has an impact on survival.
Methods: VAMLA (video-assisted mediastinoscopic lymphadenectomy) dissection is guided by
anatomical landmarks. It includes en bloc resection of the right and central compartments, and
dissection and lymphadenectomy of the left-sided compartment. Results: VAMLA harvested
significantly more mediastinal lymph nodes than open lymphadenectomy (p < 0.001). Mean
duration was 54 min, the complication rate 4.6%, sensitivity 93.8%, specificity 100%, and the
false-negative rate 0.9%. 16 of 24 cT4 tumors were correctly predicted to be resectable by MUS
(mediastinoscopic ultrasound). For minimally invasive oncological lung resections, combined
VATS + VAMLA harvested significantly more lymph nodes than VATS alone without impact on
operation time and complication rate (p < 0.05). Conclusion: VAMLA is a well-tolerated mini-
mally invasive method for accurate mediastinal staging and radical mediastinal dissection.
VAMLA can be carried out independently from tumor resection. We suggest its application
together with neoadjuvant strategies, trials, VATS lobectomy, and radiation therapy for curatively
intended involved field radiation. Additional MUS is helpful to detect resectable cT4 cases, and
offer them curative treatment. Copyright © 2010 S. Karger AG, Basel

Evolving technologies of imaging, ultrasound-guided fine-needle aspiration, pro-
teomic and genomic research are incorporated more or less frequently into diag-
nostic work-up and treatment decisions of lung cancer patients. On the other
hand, mediastinoscopy is still considered to be the gold standard for mediastinal
staging [1], and complete mediastinal dissection is considered to be an indepen-
dent prognostic factor [2]. Since its introduction by Carlens [3], mediastinoscopy



has developed from a method for inspection and biopsies into a tool for com-
plete mediastinal dissection (video-assisted mediastinoscopic lymphadenectomy;
VAMLA) [4-9]. For the first time ever, VAMLA facilitates complete mediastinal
dissection independent from major surgery. In the same procedure, radiological
T overstaging and consecutive undertreatment of central tumors is addressed by
intraoperative ultrasound imaging (mediastinoscopic ultrasound; MUS) [10, 11].

Methods

Prerequisites for VAMLA and MUS are a two-bladed spreadable videomediastinoscope [4], a
sterile finger-tip ultrasound probe [10] (fig. 1), and a dedicated thoracic surgeon familiar with
conventional mediastinoscopy and minimally invasive surgery. Incision and access are similar
to conventional mediastinoscopy [12], whereas the features of mediastinal dissection are simi-
lar to open surgery [13]. Dissection (fig. 2) is guided by anatomical landmarks and performed
mainly as a compartmental en bloc resection of mediastinal adipose tissue containing the
lymph nodes [4, 6, 8]. For routine VAMLA, we adhered to the Naruke map [14] to define a
subcarinal compartment (7, upper 8), a central compartment (3, 4R), and a left compartment
(4L). The latter is not resected en bloc with regard to the left recurrent nerve. If appropriate,
VAMLA can be extended to the 2R+L stations cranial of the annominate artery, to station 10 at
the upper hilum and the intermediate bronchus, and via extended mediastinolscopy [15] to the
para- and subaortic nodes of station 5 and 6. Alternatively, the latter can be reached by EUS-
FNA [16], as well as the lower station 8 (paraesophageal) and 9 (ligamentum pulmonale).

Results

The first description by Huertgen et al. [4] in 2002 defined the principles and
standard procedure of videomediastinoscopic lymphadenectomy. It demonstrated
that VAMLA harvested significantly more mediastinal adipose tissue containing
significantly more mediastinal lymph nodes (20.7 (5-60) vs. 14.3 (2-26) nodes,
p < 0.0001), comparing 40 VAMLA specimens to 80 open surgery lymphadenec-
tomy specimens from the same institution. Another pilot study of 20 patients
from the working party of Linder published in 2003 [5] described the dissec-
tion rates of different mediastinal nodal stations (2R: 96%, 4R: 92%, 7:100%, 4L:
100%, 2L: 28%). On its way into clinical routine, VAMLA was evaluated by a
prospective feasibility study published in 2006 [6], including 144 patients fit for
lung resection with resectable tumors and normal mediastinal findings on CT
scan. Under routine clinical conditions, VAMLA had a mean duration of 54.1
min (40-175), a mortality of 0%, a conversion rate of 0%, and a complication
rate of 4.6% dropping from 5.3 to 2.6% with growing experience of the three
surgeons involved. The complication most frequently observed was temporary
left-sided recurrent nerve paralysis. Pleural effusion, chylothorax, mediastinitis
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Fig. 1. Unlike other unvariable tubular (video)mediastinoscopes, the Linder-Dahan scope (a, b)
is equipped with a spreadable shaft, providing a wide operation field, being the prerequisite of
bimanual dissection and development of videomediastinoscopic surgery (VAMS). Besides
VAMLA, the Linder-Dahan scope facilitated techniques like mediastinoscopic ultrasound (MUS,
b, c), mediastinoscopic excision of mediastinal cysts, and secondary main bronchus stump clo-

sure.

and major bleeding were rare complications. Accuracy data derived from 130
patients reexplored at open lung resection being sensitivity, specificity and false-
negative rate were 93.8, 100, and 0.9%. In a subset of 24 patients with centrally
located cT4 tumors, a sterile fingertip ultrasound probe was introduced intraop-
eratively into the mediastinum in order to predict technical resectability by the
means of MUS. Of 24 cT4 patients investigated by MUS, 8 were not operated
on for oncological or functional reasons. The others underwent RO resection as
predicted [10, 11]. The next step was the assessment of other mediastinal staging
tools by VAMLA, as we did for 120 patients with negative EUS-FNA findings
[16]. EUS-FNA sensitivity was 43.8, 78.1 and 91.7% for normal nodes, enlarged
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Fig. 2. VAMLA map and screen shots as seen by the surgeon. In the subcarinal compartment (a),
the pulmonary artery and main carina is defined (a.1), the bronchial artery clipped and divided
(a.2), and the subcarinal nodes excised en bloc (a.3). The right compartment (b) is removed fol-
lowing the parietal pleura (b.1), vena cava and azygos (b.2). The left compartment (c) is opened
between the left tracheobronchial angle and recurrent nerve (c.1), carefully dissected, and
lymph nodes removed (c.2, 3).

nodes and bulky disease on CT scan, respectively. EUS-FNA sensitivity also was
stratified for different mediastinal nodal stations (4R: 23.8%, 7: 80.6%, 4L: 25%,
5 and 6: 78.9%). At present, the role of VAMLA as a fully fledged tool for medi-
astinal dissection and its free combination with other modalities in different
clinical settings is under investigation. A prospective study of a VATS-VAMLA
combination for minimally invasive management of early stage lung carcinoma
describes 32 stage I lung cancer patients who underwent thoracoscopic resec-
tion, either by a combined VATS + VAMLA approach, or by VATS only [17].
The groups were balanced for most epidemiologic and oncologic features. In the
combined VATS+VAMLA group, the number of dissected mediastinal stations
(6.4 (5-9) vs. 3.6 (2-6), p < 0.005) as well as the weight of the mediastinal speci-
men (10.7 (2.7-1.4) vs. 5.6 (0.6-15), p < 0.005) were significantly higher than
in the VATS only group. For none of the feasibility parameters, i.e. conversion
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rate, blood loss, operation time, complications and drainage time, was a signifi-
cant difference detected. Comprehensive VAMLA long-term survival data for
lung cancer patients are not available at the moment. However, looking into our
institutional data, we identified 41 stage III patients followed up for more than
4 years, 26 of them stage IIIA, and 36 of them resected. Median overall survival
has not yet been reached, and median recurrence-free survival was 2 years. Two
thirds of the recurrences have been distant metastases.

Comments

The development of the two-bladed spreadable videomediastinosscope by Linder
and Dahan in 1992 allowed increased exposure and bimanual dissection of medi-
astinal structures. Concurrent with technical progress in mediastinoscopy, neo-
adjuvant treatment of stage III lung cancer and minimally invasive anatomical
resections of stage I lung carcinoma were introduced. In this setting, development
of a videomediastinoscopic technique for complete mediastinal lymphadenectomy
(VAMLA) was the obvious thing to do [18]. Preliminary studies published in 2002
and 2003 already made clear that the VAMLA technique, being at least as radical
as open surgery, has propelled mediastinoscopy from a method of biopsy and stag-
ing to a surgical dissection tool [4, 5]. Nevertheless, VAMLA found its first routine
clinical application and field of prospective investigation in analogy to conven-
tional mediastinoscopy, replacing it as a staging tool with extraordinary accuracy
becoming even more sophisticated with additional extended mediastinoscopy for
left-sided and additional MUS for central tumors. This was accomplished without
any conversions or morbidity, and, compared to open lymphadenectomy, with a
favorable complication profile [6]. The next step was to exploit VAMLA’ extraor-
dinary accuracy for assessment of other new staging methods, e.g. EUS-FNA
[16], and to exploit its minimally invasive radicality for combination with other
oncologic modalities regardless of timing and resectability. With regard to fine-
needle aspiration techniques, the results [16] suggest approaching the radiologi-
cally normal mediastinum by VAMLA and all other cases by EUS-FNA first. The
free combination of VAMLA is a comparatively new field of clinical investigation.
Preliminary data of a VATS-VAMLA combination for complete minimally inva-
sive resection of early stage lung carcinoma [17], and VAMLA stage III long-term
survival showed promising results. To come to a first conclusion, development
and implementation of VAMLA as an extremely accurate mediastinal staging tool
as well as a minimally invasive method of radical mediastinal dissection has taken
place during the last decade, and has been well documented (table 1).

It is probably easier to state who should not be considered to implement
VAMLA. From the technical point of view, thoracic surgeons inexperienced with
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Table 1. VAMLA: survey on published evidence

Working party

Design

Objective

Results

Huertgen et al. [4],
2001

pilot case-control study,
n=40

VAMLA technique
radicality vs. open LA

VAMLA more radical (p<0.0001)
as open lymphadenectomy

Leschber and Linder
[5], 2003

prospective pilot study,
n=20

VAMLA technique
radicality vs. open LA

VAMLA dissection rates
up to 100%

Witte and Huertgen
[6], 2006

prospective study,
n=144

feasibility
accuracy

duration 54 min, conversions 0%,
mortality 0%, morbidity 4.6%,
sensitivity %, specificity 100%,
false-negative rate 0.9%

Witte, Neumeister
and Huertgen [16],
2007

prospective study,
n=120

EUS-FNA vs. VAMLA

EUS-FNA accuracy dependent
on size and location of
mediastinal nodes

Witte, Neumeister pilot prospective study,  VATS + VAMLA vs.VATS only  VATS + VAMLA combination

and Huertgen [17], n=32 for stage | lung carcinoma significantly improves

2008 mediastinal dissection
without impact on feasibility
(p<0,005)

mediastinoscopy and minimally invasive surgery should certainly not, given this
kind of surgeon really does exist. Further, they should ignore that left-sided open
procedures preclude a complete bilateral mediastinal dissection for anatomi-
cal reasons [13], as well as the fact that VATS mediastinal lymphadenectomy is
often cumbersome and incomplete [18]. From the oncological point of view, lung
cancer groups feeling comfortable with adjuvant treatment of mediastinal dis-
ease, exclusion of mediastinal disease from involved field radiation, and exclu-
sion of resectable ¢T4 pT2 tumors from surgery and thus curative treatment
should certainly not. Working parties considering their rates of false-negative
fine-needle aspiration findings and false-positive PET findings to be without
impact on treatment decisions and survival should not, and neither should those
in doubt whether mediastinal dissection is an independent prognostic factor
[2] or whether pretherapy N staging requires a tissue diagnosis. However, these
pragmatic approaches have several disadvantages: (1) Mediastinal staging should
not only address the N denominator, but describe the real extent of mediastinal
disease, especially in studies and trials, as reflected by the forthcoming seventh
edition of the lung carcinoma TNM classification [19, 20]. (2) The range of any
lymphadenectomy performed together with a lung resection is limited, espe-
cially for left-sided tumors and VATS lobectomy. Therefore, there is an inherent
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Table 2. VAMLA, suggested indications

Context Entity Objective
Research evaluation of new prognostic factors VAMLA provides accurate mediastinal
evaluation of new therapies staging, being prerequisite for comparability
of results and an ‘old’ prognostic factor
Surgery left-sided tumors complete mediastinal dissection
VATS lobectomy
Oncology minor N2/3: mediastinal staging/clearance  more neoadjuvant treatment, no

prior to multimodality treatment
apparent FNA-proved N2 /3: mediastinal
restaging after neoadjuvant therapy

re-mediastinoscopies

Radiation oncology identification of false-negative/positive involved field radiation;
scans, e.g. PET-CT

radiation

combined limited resection and limited

risk of mediastinal understaging. (3) There is no evidence that adjuvant chemo-
therapy for stage III disease is superior or even equal to neoadjuvant treatment.
(4) Adjuvant treatment is more often administered incompletely than neoadju-
vant treatment. The individual patient suitable for VAMLA should be fit for lung
resection, have a technically resectable tumor, and normal lymph node size on
CT scan. Contraindications against multimodality treatment should be observed.
VAMLA is also suitable for nonresectable patients to define the smallest appro-
priate radiation field, or new combinations of limited minimally invasive surgery
and hypofractionated radiation.

Implications for Clinical Practice and Further Research

To conclude, VAMLA is an extremely accurate staging tool as well as definitive
mediastinal surgery. However, VAMLA is minimally invasive and therefore inde-
pendent of surgical resection. Therefore, VAMLA is indicated if neoadjuvant
treatment is considered for any even minor mediastinal involvement, to avoid
remediastinoscopies after induction therapy, to define the exact involved radiation
field in functionally unresectable patients, for highly accurate pretherapy staging
in trials, and to improve mediastinal dissection with VATS lobectomy and left-
sided tumors (table 2).
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Abstract
In spite of the developments in chemo- and radiotherapy, surgery remains the mainstay of cura-
tive treatment of early stage non-small cell lung cancer (NSCLC). In stage la/lb (T1, T2, NO), NSCLC
lobectomy offers the best chance for cure, yielding survival rates of between 58 and 76%. Since
the extent of mediastinal lymph node dissection does not seem to play a major prognostic role
in stage la, video-thoracoscopic lobectomy yields equally good results as the open approach.
Due to the necessity for a small thoracotomy when harvesting the specimen and the time-con-
suming lymph-node dissection minimally invasive lobar resections have failed to become rou-
tinely used. Minor resections, though sometimes necessary from the functional point of view,
have a lower curative potential. They yield the best results if applied in tumors measuring less
than 2 cm. Stage I, characterized by involvement of the N1-position and/or a more central tumor
growth, has a 5-year survival of 45-52% and requires treatment by lobectomy or pneumonec-
tomy. Sleeve resection may obviate the need for pneumonectomy in central upper-lobe tumors.
Ininterlobar N1, however, pneumonectomy is indicated from the oncological point of view, since
even meticulous lymph-node dissection is unable to achieve tumor control in this situation.
Copyright © 2010 S. Karger AG, Basel

With the introduction of the TNM staging, Williams et al. [1] in 1981 reported
an 80% 5-year survival rate in TINO (stage Ia) after resection. In spite of a vari-
ety of efforts concerning staging procedures, selective surgical approaches and
attempts of adjuvant treatment the survival rate of stage Ia has remained more or
less unchanged with recently published rates ranging between 58 and 76% [2, 3].
In T2NO (stage Ib) survival reaches 60% at 5 years.

Once the intrapulmonary lymph nodes are affected by the tumor (stage II),
there is a drop in prognosis with recently published 5-year survival rates of about
52% [2]. There has been a continuous increase of the survival rates in stage II non-



small cell lung cancer (NSCLC) during the last 25 years: In 1983, Carr [4] reported
35% 5-year survival and in 1992 Martini et al. [5] found 39%. Considering the
fact that the surgical procedures had remained more or less the same during the
period, the better results are most likely due to ‘stage migration: high-resolution
imaging, PET and more widely used invasive preoperative staging of the medi-
astinum enabled the identification of advanced stages, formerly misdiagnosed as
stage II [6, 7].

On the other hand, pathological investigations at the molecular level are begin-
ning to demonstrate substantial, prognostically relevant differences between mor-
phologically similar lesions. Together with refinements in the staging system these
findings may lead to selective surgical and nonsurgical treatment of NSCLC.

Patients with lung cancer often suffer from cardiorespiratory co-morbidity. If
the functional possibility for ‘standard’ lobar resection is not given in the very
stages I and II in which the chance for cure is comparatively high, alternatives have
to be sought [8]. Their functional benefits, however, have to be weighed against
possible oncological disadvantages.

When assessing the definitive therapeutic outcome, long-term follow-up is
required: Sorensen [9], in 1982, carried out a well-researched survey evaluat-
ing 265 patients of various stages resected between 1942 and 1955: By means of
age-adjusting of healthy controls he found that actuarial cure time, i.e. when the
age-adjusted survival percentage is constant, is not reached until after 14 years.
There are hardly any studies, however, referring to observation times longer than
10 years.

Surgery in Stages land Il
Lobectomy

Lobectomy, the anatomical resection of one or two lobes (so-called bi-lobectomy),
is the gold standard for resection in early stage lung cancer [3, 8, 10].

The procedure is not time-consuming and, given a correct preoperative func-
tional assessment, it carries a low rate of morbidity and mortality [10].

The question whether complete mediastinal lymph node dissection should be
included in the therapeutic regimen in these stages is still a matter of discussion.
Whereas on the one hand actual NO obviously does not require surgical removal,
it is still impossible to define the nodal status in a clear-cut way without systematic
lymph node dissection. Further refinement of imaging techniques may allow a
preoperative determination of NO, N1 or N2 stages, but for the time being accurate
staging relies on histology [6, 11, 12]. There is evidence, however, that in elderly
patients aged between 75 and 89 years systematic lymph node dissection might
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prolong the postoperative in-hospital course and may be omitted without having a
negative impact on prognosis [13, 14].

The outcome of lobectomy in early stages depends on more factors than simple
stage Ia/Ib or stage II allocation: recent investigations have shown that there is a
clear correlation between tumor size and prognosis — patients with tumors of a
maximum diameter of 2 cm or less fare significantly better than those with larger
ones [2]. This fact, however, seems to be related specifically to adenocarcinomas:
in tumors sized 2 cm or less, survival of squamous cell carcinomas and adeno-
carcinomas was found to be equal, whereas in tumors sized 3 cm and more, ade-
nocarcinomas did significantly worse than squamous cell cancer [3]. Moreover,
women had a better outcome than men, and age above 65 years had a positive
impact on prognosis [2, 3].

Video-thoracoscopic (VATS) lobectomy has repeatedly been advocated as a
method equaling the open technique [15], especially in stages I and II. Throughout
more than a decade, however, it has failed to become widely accepted as a rou-
tine procedure. There are various reasons for this: due to the necessity for a small
thoracotomy when harvesting the specimen, most surgeons prefer resections by
‘mini-thoracotomy’ to ‘truly’ minimally invasive lobar resections. Moreover, an
exact lymph node dissection via VATS is time-consuming. The possibility of a
two-stage approach with initial video-mediastinoscopic complete lymph node
dissection followed by VATS lobectomy is theoretically possible, but requires two
not too short interventions instead of one. It has not become generally accepted
up to this time.

In the presence of interlobar lymph node involvement, lobectomy can no longer
be considered curative, even if a meticulous lymph node dissection is performed.
In these cases pneumonectomy is indicated even in the presence of a small pri-
mary tumor.

Sleeve Resection

If an upper lobe tumor reaches the level of the main bronchus or if it is invad-
ing the intermediate section of the pulmonary artery, a classical lobectomy is
no longer feasible. Though, for anatomical reasons, pneumonectomy would be
the logical consequence, the method is fraught with a high rate of perioperative
complications. Though locoregional recurrence is rare in pneumonectomy, long-
term survival is reduced due to non-tumor-related cardiorespiratory impairment
[16].

Sleeve lobectomy implicates a lobar resection en bloc with a circumferential seg-
ment of the intermediate bronchus at the origin of the lobar bronchus. Alternatively,
a segment of the pulmonary artery may have to be resected. In some cases both a
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bronchial and a vascular ‘sleeve” have to be removed in order to achieve a complete
resection. The method has been used for more than 40 years and has occupied a
well-defined place in the array of surgical techniques [17]. The question whether
it is equivalent to pneumonectomy from the oncological point of view has not yet
been definitely answered, because it is all but impossible to really match identi-
cal tumor stages treated by sleeve resection or pneumonectomy, respectively. From
the functional point of view, sleeve resection is superior to pneumonectomy, with
the re-implanted lobe contributing essentially to function. In stages I/II, however,
survival following sleeve resection is not better than after pneumonectomy [16, 18,
19]. As with any procedure, the nodal status determines prognosis and no compro-
mise must be made in achieving tumor-free resection margins [20-22].

Limited Resection

In contrast to lobectomy or sleeve lobectomy, limited resection is not a well-
defined type of resection. Two different procedures, i.e. segmental resection and
extra-anatomical wedge resection, are applied.

Segmental resection means dissection along the planes of the anatomical lung
segments. It requires technical skill and anatomical knowledge. In order to be car-
ried out correctly, it will usually require at least a small thoracotomy, because the
resection plane is difficult to discern during VATS.

In contrast, extra-anatomical wedge resection describes the removal of a ‘wedge’
of - in this case — tumor-bearing lung by means of a stapling device that allows
simultaneous suturing of the resection margin and cutting along the stapled suture
line. This method is very simple, requires only basic anatomical knowledge and
can be easily carried out using video-assisted techniques.

For the last 25 years studies have been fperformed elucidating the question
whether limited resection is equal to lobectomy in terms of long-term tumor con-
trol. Ginsberg and Rubinstein [10] documented a clear prognostic disadvantage
with 75% increase of locoregional recurrence and 30% reduction in survival fol-
lowing limited resection. Other authors did not find significant differences between
lobectomy and minor resections [23, 24]. A meta-analysis did not procure further
information, because of too much interstudy inhomogeneity [24]. More recent
studies corroborated the concept that lobectomy is connected with a better prog-
nosis than limited approaches: Chang et al. [2] performed a retrospective study in
more than 10,000 stage Ia lung cancer patients in the US national cancer registry.
Whereas survival of was 44% in sublobar resections, lobectomies yielded a 61%
survival rate.

Anatomical segmental resections may be regarded as a somewhat different
option: due to the resection plane along the anatomical segments there is probably
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less risk of leaving behind residual microscopic tumor debris in lymph vessels
draining from the primary lesion. Sienel et al. [25] were able to prove that seg-
mental resections provided better tumor control than extra-anatomical wedge
resections, yet the results were still inferior to lobectomy. Massard [26] stated that
anatomic segmentectomy may be an alternative to lobectomy in patients with
peripheral tumors measuring less than 2 cm in diameter.

Considering all these aspects, limited resections should be reserved to patients
with functional impairment and thus unfit for lobectomy.

Resection of Stage I and II NSCLC in Aged Patients

With increasing life expectancy, more patients are reaching old age in a good
general condition. The question is whether lung resection would be advisable in
patients aged 75 years and above. In a series of 39 octogenarians and 1 patient aged
90 years, Mizuguchi et al. [14] found a 5-year survival rate of 40%, Mun et al. [27]
reported 66% 5-year survival in a group of 55 patients aged 80 years and over. The
fact is whether lymph node dissection was performed or not did not affect sur-
vival, but lymph node dissection was connected with a higher rate of periopera-
tive complications. Obviously, the rate of minimal resections in aged patients was
higher than in younger ones [27], but a considerable number of patients aged over
75 will functionally tolerate lobar resections [13, 27].

Conclusion

There is no actual breakthrough in the treatment of non-small cell lung cancer
from the surgical point of view. Prolonged survival rates in stage I are mainly due
to improvements in the preoperative staging. On the other hand, video-assisted
less-invasive techniques enable minimal resections in well-selected subgroups of
functionally impaired or very old patients. Further subclassifications of stage and
histopathological properties will enable us to define a better estimation of progno-
sis and a ‘tailored’ individual treatment.
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Abstract
The role of systematic mediastinal lymph node dissection in the staging and treatment of non-
small cell lung cancer (NSCLC) is the subject of ongoing debate. Surgical practice varies from
simple visual inspection of the unopened mediastinum to radical, systematic lymphadenectomy
of all accessible lymph node levels. As the evaluation of mediastinal lymph nodes is a precondi-
tion for accurate intraoperative staging of NSCLC we advocate for complete interlobar, hilar and
mediastinal lymphadenectomy as compartment dissections in patients with NSCLC. The thera-
peutic effect of extensive mediastinal lymphadenectomy, however, remains controversial. In this
review we discuss the role of mediastinal lymph node dissection in the management of NSCLC.
Copyright © 2010 S. Karger AG, Basel

The lymphatic system of the lungs has a high anatomical variability. The intra-
pulmonary system consists of lymph vessels and lymphatic tissue. The lymphatic
tissue is organized in the form of lymph follicles or in regional lymph nodes. The
intrapulmonary lymph vessels include superficial, reticular, subpleural and peri-
bronchial, as well as perivascular lymph vessels. These run to vein branches and
unify at the hilus of the lung [1]. The extrapulmonary lymphatic system of the
lung consists of mediastinal lymph vessels and lymph nodes (fig. 1) [2]. Segmental
and subpleural lymphatics may drain directly to paratracheal or supraclavicular
stations which is a possible explanation for skip metastases to these lymph node
stations without involvement of intrapulmonary or hilar nodes [3]. This mani-
festation of lymphatic spread depends on anatomical characteristics, the spe-
cial abilities of the tumor cells and earlier inflammatory diseases of the lung.
Pneumoconiosis, anthrasilicoses, and hyaline changes are also considered as pos-
sible causes of this phenomenon. Metastatic spread may not affect all topographi-
cal lymph node positions. The cortex and medullary cords usually occupy 70-80%



Upper mediastinum:

Level 1: highest mediastinal

Level 2: upper paratracheal

Level 3: pre-vascular and retro-tracheal
Level 4: lower paratracheal

Level 5: subaortic

Level 6: para-aortic

Lower mediastinum:

Level 7: subcarinal

Level 8: paraesophageal
Level 9: pulmonary ligament

N1-Lymph nodes

Level 10: hilar

Level 11: interlobar
Level 12: lobar

Level 13: segmental
Level 14: subsegmental

Fig. 1. Anatomical variability of the lymphatic system and the lymph node levels.

of the node [4]. The pulmonary, hilar and intrapulmonary nodes have a small cor-
tex (almost 30%), whereas cervical, axillary, and upper mediastinal nodes extend
to have a large cortex. Variations between individuals are evident. Cortices of the
cervical nodes are significantly larger in specimens from elderly white Americans
than elderly Japanese. The maximum and average number of lymph nodes in
every lymph node station can vary (table 1) [5]. Mediastinal skip metastases can
be found in 25% of the cases [6]. Moreover, the incidence of contralateral medi-
astinal lymph node involvement is high. Therefore, the use of a sentinel lymph
node cannot provide reliable and predictable information [7].

Surgical Technique of Systematic Lymph Node Dissection

There is a significant variability in the surgical practice of dissecting all medi-
astinal N2 lymph nodes and this technique is not well established among all tho-
racic surgeons [8]. Removal of at least six lymph nodes (UICC) from hilar and
mediastinal stations is recommended to define nodal staging accurately and to
determine pNO status [9]. The European Society of Thoracic Surgeons proposes
the removal of, at least, three hilar and interlobar nodes and three mediastinal
nodes from three stations. The subcarinal lymph node should always be included
[10]. In contrast to these recommendations we advocate for complete interlobar,
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Table 1. Average number and maximum number of nodes in the lymph node groups of the
lung [5]

Lymph node level % with nodes Number of nodes Short transverse
present maximum mean diameter, mm

2R 80 11 25 7.8

2L 68 7 2.1 5.8

4R 98 1 4.8 9.2

4L 98 16 4.5 9.2

5 58 6 1.1 8.5

6 85 15 4.7 7.2

7 100 6 29 12.3

8R 58 6 1.2 8.2

8L 50 5 1.1 6.1

9R 10 2 0.1 3.9

oL 35 3 0.5 6.5

10R 95 10 35 10.8

10L 90 7 24 6.8

hilar and mediastinal lymphadenectomy as compartment dissections in patients
with non-small cell lung cancer (NSCLC). The compartment of the upper medi-
astinum consists of the lymph levels 2, 4, 5 and 6, whereas the lower mediastinum
is composed of the levels 7, 8, 9 and 10 (fig. 1). Right-sided thoracotomies should
include the lymph node stations 2R, 2L, 4R, 4L, 7, 8, 9, 10R, 10L, 11, 12, and left-
sided thoracotomies the stations 2L, 4L, 5, 6, 7, 8, 9, 10R, 10L, 11, 12, respec-
tively (R and L define right and left). We published on the principles of systematic
lymph node dissection in surgically treated bronchial carcinoma and highlighted
the importance of the preparation of the posterior part of the bifurcation which
allows best for exposure and dissection of the lymph node stations 10R, 7, and 10L
[2]. Furthermore, in left-sided thoracotomies the ligamentum botalli must be cut
through and the aorta has to be mobilized to dissect the lymph node station 4L.
This technique allows also dissecting the contralateral lymph nodes. This surgical
strategy leads to a high number of dissected lymph nodes which facilitates a cor-
rect postoperative staging, detects possible micrometastases and ensures a ‘real’
complete resection (RO).
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Role of Nodal Involvement on Survival

In patients with NSCLC treated with standardized lymph node dissection strat-
egies the impact of nodal involvement on survival still remains controversial
Fadel et al. [11] noted a 5-year survival rate of 0% in the event of N2 involvement.
In contrast, Cerfolio et al. [12] demonstrated a 5-year survival of up to 53% in
selected subgroups of N2 disease. The situation of N1 disease also remains con-
troversial. Van Schil et al. [13] noted significant differences between patients with
NO and N1 or N2 disease, but not between N1 and N2 involvement. In the recent
published series by Schirren et al. [14] of patients with NSCLC, long-term survival
differed between NO and N1 status (p = 0.027) and NO and N2 status (p = 0.029),
but not between N1 and N2 status (p = 0.754). Furthermore Boliikbas et al. [15]
showed that long-term survival was also not affected by nodal status (p = 0.383) in
157 elderly patients with NSCLC who underwent complete pulmonary resection.
Survival of patients with single-level N2 metastases was not significantly differ-
ent from that of patients with N1 disease provided that the primary tumors were
located in the upper lobes [16]. Isolated N2 metastases without concomitant N1
disease (skip metastases) were associated with significantly better survival than
that patients who had both N1 and N2 metastases (p = 0.001). At this point, the
role of nodal involvement on survival of multimodality treated and completely
resected patients with NSCLC remains unclear and continues to be controversial.

Impact of Mediastinal Lymph Node Dissection on Operative Morbidity, Mortality
and Quality of Life

Systematic lymph node sampling (SS) and complete mediastinal lymph node dis-
section (MLND) may be associated with potential complications related to the
interruption of the blood supply to the bronchial stump, injury to the recurrent
laryngeal nerve, and removal of a large portion of the intrathoracic lymphatics.
However Izbicki et al. [17] demonstrated in a randomized controlled clinical trial
comparing MLND to conventional node dissection in 182 patients with non-small
cell lung cancer that radical MLND was not associated with higher morbidity com-
pared to lymph node sampling. The operative mortality after pulmonary resection
varies between 0 and 7% [18, 19]. Even extended MLND in elderly patients is
not associated with a higher risk of mortality (3.8%) [15]. Thus, MLND does not
increase morbidity and mortality. In general, patients undergoing thoracotomy for
a diagnosis of lung cancer experience decreased short-term quality of life (QoL),
which returns to baseline 6 months after surgery [20, 21]. There is no evidence
that MLND has additional impact on QoL of patients undergoing surgical resec-
tion for NSCLC. An argument against an aggressive surgical approach is that,
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resection is associated with loss of pulmonary function. On the other hand, most
of the patients undergoing surgical resection for lung cancer were found to have
good long-term pulmonary function, even patients with impaired preoperative
pulmonary function [22, 23]. Furthermore, MLND itself is not associated with
decrements in pulmonary function. In summary, MLND has no impact on opera-
tive morbidity, mortality and QoL after surgical resection and thus should not
influence the decision whether to proceed to surgery or not.

Diagnostic Role of Mediastinal Lymph Node Dissection

The assessment of mediastinal lymph nodes is precondition for an exact NSCLC
staging. The sensitivity and specificity of computed tomography (CT) of the
chest and positron emission tomography (PET) in the staging of mediastinal
lymph nodes are 57-82% (CT) and 84-89% (PET [24]. Mediastinoscopy as the
most invasive approach has a higher sensitivity (81%) and specificity (100%) [25].
But this diagnostic procedure causes iatrogenic tumor seeding in the mediasti-
num. The sensitivities and accuracies of endobronchial ultrasound-guided trans-
bronchial needle aspiration (EUS-FNA) in patients without enlarged nodes vary
between 35-61% and 76-89%, respectively. The sensitivity (range 72-100%) and
specificity (range 88-100%) are higher only in patients with enlarged or PET posi-
tive nodes [26]. However, minimal invasive EBUS and EUS should be preferred
to avoid tumor seeding in the mediastinum. In this staging evaluation of patients
with NSCLC there is the high risk of false pre- and postoperative staging, with
the subsequent danger of inappropriate therapeutic approaches. Cerfolio et al.
[27] conducted a prospective study with preoperative staging of all patients using
64-slice helical computed tomographic scan and integrated 2-deoxy-2-18-fluoro-
d-glucose positron emission tomography computed tomography. All patients with
clinically stage I underwent open thoracotomy with palpation of the rest of the
lung and mediastinal lymph node dissection. Nonimaged malignant pulmonary
nodules could be detected in different lobes in 8-9%. These patients were clas-
sified stage IIIB or IV. Twelve of 166 patients (7.2%) had unsuspected N2 dis-
ease. Clinically, stage Ia tumors are often understaged. Veeramachaneni et al. [28]
reported that 15% of patients staged Ia had occult nodal metastasis. The risk of
occult nodal disease increases with tumor size. There was a threefold increase in
the risk of having pathologic stage II or stage III disease with every 1.0 cm increase
in tumor size. There is the hypothesis of higher tumor cell aggressiveness in case
of micrometastases [29]. Micrometastases were associated with poorer survival
which was also supported by more cancer-related deaths and the responsiveness
to adjuvant treatment observed in that group. These are arguments for MLND of
all assessable N2 stations at the time of surgery. The detection of pathologic N1,
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Fig. 2. Patients who underwent complete MLND survived significantly longer than those
patients who underwent SS. From Schirren [2], with permission.

N2 or M1 disease after resection can change the postoperative therapeutic con-
cept. Therefore, appropriate intraoperative staging is mandatory. The removal of
only suspected or known malignant pulmonary nodules alone is insufficient. Stage
migration can be avoided and advanced pathologic tumor stages can be translated
over to the appropriate adjuvant therapy regimes.

Therapeutic Role of Mediastinal Lymph Node Dissection

The strongest determinants of survival in oncological surgery for lung cancer are
nodal status and complete resection. Lymph node sampling was as efficacious as
complete MLND in staging of 373 patients with resected NSCLC [30]. But complete
MLND identified significantly more levels of N2 disease. Furthermore, MLND was
associated with improved survival (66.4 vs. 24.5 months, p < 0.001) in comparison to
lymph node sampling in patients with stages Il and IIla. Ma et al. [31] demonstrated
for patients with clinical stage IA NSCLC with lesions between 2 and 3 cm that the
5-year overall survival (81.6 vs. 55.8%, p = 0.041) and disease-free survival (77.9 vs.
52.5%, p = 0.038) were significantly higher in the MLND group compared to the SS
group. Also, Lardinois et al. [32] reported a longer disease-free survival after MLND
than after SS (60.2 vs. 44.8 months, p = 0.03) in patients with stage I disease. Moreover,
SS was associated with higher incidence of local recurrence (45 vs. 12.5%, p = 0.02) in
patients with stage I tumor. In 307 operated patients with stage Il NSCLC, MLND was
associated with better survival in compared to SS (fig. 2) [2]. Surgical resection after
neoadjuvant treatment is technically demanding, especially after chemoradiation or
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previous mediastinoscopy. A variable degree of fibrosis and scar tissue can be encoun-
tered during surgery which can hinder the lymph node dissection from the trachea,
bronchi or the branches of the pulmonary vessels, especially in the major fissure [33].
Inevitable consequences may be pneumonectomies to achieve complete resection.
However, Simon et al. [34] demonstrated that patients with NSCLC who under-
went pneumonectomy had significantly worse survival compared to lesser resec-
tions like lobectomy or bilobectomy. The 2-year survival rates in patients with stage
I1I are about 14% after incomplete resection and 7% after exploratory thoracotomy
[35]. These assumptions apply to most of the trials comparing surgery and radio-
therapy after induction chemotherapy. The fact that the surgical arms of these trials
had both high rates of pneumonectomies (44-49%) and low rates of complete resec-
tions (47-50%) had as a consequence the misleading recommendations that patients
with IITA-N2 NSCLC should be considered for radiotherapy instead of surgery after
induction chemotherapy [36-38]. Albain et al. [39] presented a survival benefit in
patients with lobectomy (median survival: 34 months) compared to pneumonec-
tomy (median survival: 22 months) in multimodality treated NSCLC in stage III-
N2. Downstaging and complete resections are the prognostic factors for prolonged
survival [37]. Downstaging depends on tumor biology but complete resections and
the avoidance of pneumonectomy can be strongly influenced by the surgeon. These
results point out that better survival following MLND is not only a ‘Will Roger phe-
nomenon’ which is only an effect of stage migration without influence on survival
[40]. MLND has a therapeutic effect in terms of exact staging and ‘real’ locoregional
complete resection which can be strongly influenced by the surgeon [41].

Conclusion

MLND leads to a high number of dissected lymph nodes which facilitates accu-
rate postoperative staging, detects possible micrometastases and ensures complete
resection. Complete MLND is associated with improved survival. Therefore, com-
plete resection of the tumor in anatomic units combined with MLND should be
aspired in all resectable stages, even after neoadjuvant therapy in the situation of
advanced stages of NSCLC.
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Abstract
For patients with early (stage I/1l) non-small cell lung cancer (NSCLC) surgery is considered as the
standard treatment of choice, although recent data on additional chemotherapy (CHT) showed
that it may be beneficial in this setting. There is, however, a subset of patients that never undergo
surgery. These patients are considered technically operable, but medically inoperable, due to
existing comorbidities. In addition, frequently elderly patients with early NSCLC are denied sur-
gery due to expected peri- and/or postoperative complications. Finally, in recent years there has
been an increase in the incidence of patients refusing surgery. For all these patients, radiation
therapy (RT) was traditionally considered as the standard treatment option. Data accumulated
over the last 5 decades showed that RT alone can produce median survival times of up to >30
months and 5-year survival of up to 30%. When cancer-unrelated deaths were taken into account,
cause-specific survival rates were usually higher for some 10-15%. Accumulated experience
seems to suggest that doses of at least 65 Gy with standard fractionation or its equivalent when
altered fractionation is used are necessary for control of the disease. Smaller tumors seem to
have favorable prognosis, while the issue of elective nodal RT continues to be controversial.
Patterns of failure have clearly identified local failure as the predominant one. Although a num-
ber of potential pretreatment patient- and tumor-related prognostic factors have been exam-
ined, none has been shown to clearly influenced survival. Toxicity was usually low.
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For patients with early (stage I/IT) non-small cell lung cancer (NSCLC) surgery is
considered as the standard treatment of choice. Recent data, however, showed that
additional chemotherapy (CHT) may be beneficial in this setting. There is, however,
a subset of patients that never undergo surgery. These patients are considered techni-
cally operable, but medically inoperable, due to existing comorbidities. In addition,
frequently elderly patients with early NSCLC are denied surgery due to expected



peri- and/or post-operative complications. Finally, in recent years there has been an
increase in the incidence of patients refusing surgery. For all these patients, radia-
tion therapy (RT) was traditionally considered as the standard treatment option.

Patients undergoing RT alone for early stage NSCLC mostly constitute nega-
tive selection, not just due to their poor general health characteristics and clinical
staging, but insufficient staging as well. Results of RT in this population cannot,
therefore, be meaningfully compared to those of surgery, even when clinical stag-
ing is used in the latter. Other reasons for the observed bias in reporting RT ver-
sus surgical series include institutional/investigator bias as well as differences in
the process of decision making (patients versus physicians), the latter one mate-
rialized in great variance across the studies with the respect to the proportion of
patients refusing surgery.

Radiation Therapy alone in Early Non-Small Cell Lung Cancer

Details of studies that unequivocally document the outcome of patients with oper-
able, mostly those of early (I/II) stage NSCLC; characteristics of patients enrolled
into these studies, and their outcome are presented in an earlier comprehensive
review [1]. With all caveats of focusing on prolonged periods of time (more than 4
decades) that was used to search the literature, nevertheless, the data showed that
RT alone was capable of producing a median survival time (MST) of up to >30
months (>40 months in TINO) since the mid-1980s, with 5-year survival rates of
up to 30% in stage I NSCLC (40% in T1NO) and up to 25% in stage II NSCLC.
These results were achieved in a cohort of substantially differing patient popu-
lations. The reason for not undergoing surgery was considerably different across
the studies, particularly considering patient refusal. While in the majority of stud-
ies it was around 10%, in several studies it was >20% [2-5]. Interestingly, the high-
est MST (up to 33 months) was observed in the latter studies, and it was coupled
with the highest 5-year survival rates (up to 32%). These patients represent the
population which seems to resemble surgical candidates at most. They should,
therefore, be the ones most likely to give true insight in the effectiveness of RT in
this disease, because in this patient population, using overall survival (OS) as an
endpoint is more meaningful, due to less cancer-unrelated events. In other patient
populations, the use of cancer-specific survival (CSS) or disease-specific survivals
(DSS) must be mandatory to correct for events other than cancer-related. Indeed,
when 5-year CSS/DSS rates were reported [6-11], they were usually twice as high
as those of OS in the same studies, the difference being approximately 10-20%.
Importantly, patients” refusal inversely correlates with the incidence of intercur-
rent deaths (6-16%) [2, 4, 5, 7], which, on the other side, directly correlated with
increasing age and pre-existing comorbidity (21-43%) [3, 8, 10, 12, 13].
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Of various pretreatment and treatment aspects considered in early NSCLC,
age and gender [1] seems no to play an important aspects of RT. Only occasion-
ally Karnofsky performance status (KPS) score and/or weight loss were shown to
influence survival in RT series [1]. Tumor stage/size was frequently investigated.
Although analyses from the accumulated data sometimes favored even lower doses
of RT, it would still be preferable to recommend/use the doses traditionally con-
sidered as ‘curative) being in the order of >65-70 Gy with standard fractionation
or its equivalent when altered fractionation is used. Although it is reasonable to
expect impact of tumor stage/size on the outcome, it should first exert its influence
at local/regional level. By primarily influencing these endpoints, it may eventually
influence OS, which was shown to heavily depend on local/regional tumor control
in this disease. One of the obstacles of defining the role of tumor stage/size is stag-
ing systems widely used in the last 15 years [14, 15]. These surgical systems did
not relate only to a tumor size, but also to a particular tumor location It is expected
that recent revision of current international staging system should make both T
and N staging more specific/detailed and, therefore, easier to interpret/compare
in future RT series in early NSCLC. Regarding histology, only Sibley et al. [10]
found an improvement in CSS for squamous histology, while Gauden et al. [16]
observed so for the mixed (adenocarcinoma/squamous cell carcinoma) histology
using both OS and RFS as endpoints, majority of studies, however, observing no
such effect [4, 7, 13, 17-20]. Finally, only Hayakawa et al. [18] observed influence
of tumor location (better for tumors located in the upper lobes or the superior seg-
ment of the lower lobes) on outcome of these patients, all other studies excluding
its possible effect when comparing central versus peripheral locations [4, 6, 11, 13,
21].

Besides a recommended dose of an equivalent to 65 Gy with standard frac-
tionation [1], optimal treatment fields are frequently discussed. Owing to some-
what conflicting results, no reliable recommendations can be made concerning
elective nodal RT, as recent editorials [22, 23] and comprehensive review [24]
recently summarized. There seems to be a subgroup of patients with increased risk
of developing nodal metastasis, identification of which must be one of the priori-
ties of research in this field. Contrary to that, it is reasonable to assume that small
peripheral, low-grade tumors would be the best candidates for limited RT (omit-
ting elective RT), due to lowest incidence of occult nodal metastasis. However,
more information regarding biology of these tumors is needed because identifica-
tion of potential factors contributing to higher incidence of subclinical regional
lymph node metastasis would help optimize RT fields and enable successful dose
escalation at the primary tumor level.

An important and unique observation about proliferative potential of early
NSCLC was recently brought up by Jeremic at al. [25] who investigated the impact
of treatment delays due to high-grade toxicity on the outcome of patients with
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early stage NSCLC treated with hyperfractionated RT. While patients who refused
surgery did not experience high-grade toxicity, 11 of 72 patients with medical
inoperability and comorbidity requested treatment interruptions due to high-
grade toxicity. Ten of 11 patients had an interruption of >14 days. As a result,
patients without treatment interruptions had significantly better outcome than
those with interruption. Treatment interruption was shown to be an independent
prognostic factor of overall survival, local recurrence free survival and cause-spe-
cific survivals.

Results achieved with RT alone must be placed into a context of observed toxic-
ity. In majority of studies, it was judged to be rather low, even in studies including
elderly patients and incidence of both acute and late high-grade (3 and 4) toxic-
ity was similar among all age groups [16, 26]. When RT-related deaths occurred
[27], again there was no difference between elderly (5%) treated with highest dose
levels (80 Gy) and their nonelderly counterparts (4%) treated the same way. A
substantial problem with all these reports is a great variety of both pretreatment
and RT-related factors, such as the total dose, fractionation or treatment fields,
inter- and intra-institutionally. While it is a well-established premise for many
years that higher total dose, higher dose per fraction and larger volume of the lung
irradiated should lead to more toxicity [28-32], both acute and late, it is unknown
to what extent other, RT-unrelated factors such as pre-existing comorbidity, infec-
tions, or simply natural processes such as sclerosis present in elderly, may add to
the occurrence of toxicity [30, 33-35]. Some, however, have observed that con-
comitant chronic obstructive pulmonary disease did not increase the risk of radi-
ation pneumonitis [35]. Acute high-grade toxicity may also be interesting from
the standpoint of treatment interruptions which may adversely influence treat-
ment outcome [36, 37]. Late high-grade toxicity also becomes interesting from the
standpoint of prolonged survival of these patients.

Reporting of toxicity poses an additional problem. Only rarely have scoring
systems been used and it was almost always done on an actual (crude) basis, and
not on the actuarial one. While the former method may be acceptable, although
not preferable, for acute toxicity, it should be strongly discouraged as totally inap-
propriate for late toxicity. It is, therefore, mandatory to have prolonged follow-up
in long-term survivors, as we may become able to observe more of these toxicities.
In addition, during prolonged follow-up of long-term survivors of early NSCLC
treated with RT alone, Jeremic et al. [38] were the first to observe that there is
a chance of developing a second cancer. A total of 26 of 194 patients developed
second cancers. The cumulative incidence of second cancer was 21.8% (SE 4.7%)
at 5 years and 34.8% (SE 6.7%) at 10 years. For second lung cancers, it was 6.0%
(SE 2.8%) at 5 years and 14.2% (SE 5.2%) at 10 years, and for second non-lung
cancers, it was 16.3% (SE 4.2%) at 5 years and 22.2% (SE, 5.7%) at 10 years. The
rate of developing second cancer per patient per year was 4.3% (95% CI 2.7-5.9%),
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with the rates being 1.4% (CI 0.5-2.3%) for the second lung cancers and 2.8% (CI
1.5-4.1%) for second non-lung cancers. The rate of developing second cancers
during the first and second 5-year period after RT (0-5 and 5-10 years) was 4.3%
(CI 2.4-6.2%) and 4.2% (CI 0.6 to 7.8%), respectively, for all cancers. These rates
were 1.0% (CI 0.1-1.9%) and 2.2% (CI 0-4.6%), respectively, for second lung can-
cers, and 3.2% (CI 1.6-4.8%) and 1.5% (CI 0-3.6%), respectively, for second non-
lung cancers. It was, therefore, shown that the long-term survivors after RT alone
for early stage NSCLC carry the same risk of developing second cancer, either lung
or non-lung, as their counterparts treated surgically when the results of this study
are compared with those of the published literature.

Avenues for an Improvement of RT Alone in Early NSCLC

To improve results obtained with RT alone, many attempts have been undertaken.
Besides recent high-tech RT achievements such as IMRT/IGRT, Tomotherapy,
CyberKnife, stereotactic RT was implemented with good success; protons and
heavy ions as well. Only rarely, patients with early NSCLC were treated with com-
bined radiochemotherapy. In one such attempt, Jeremic et al. [39] investigated the
feasibility and activity of concurrent hyperfractionated radiotherapy (Hfx RT) and
low-dose daily carboplatin and paclitaxel were investigated in patients with early-
stage (I/1I) non-small cell lung cancer in a phase II study. Fifty-six patients started
their treatment on day 1 with 30 mg/m? of paclitaxel. Hfx RT using 1.3 Gy b.i.d. to
a total dose of 67.6 Gy and concurrent low-dose daily carboplatin 25 mg/m? and
paclitaxel 10 mg/m?, both given Mondays through Fridays during the RT course,
starting from the second day. There were 29 complete responses (52%) and 15
partial responses (27%), and 12 patients (21%), experienced stable disease. The
median survival time was 35 months, and 3- and 5-year survival rates were 50 and
36%, respectively. The median time to local progression has not been achieved, but
3- and 5-year local progression-free survival rates were 56 and 54%, respectively.
The median time to distant metastasis has not been achieved, but 3- and 5-year
distant metastasis-free survival rates were 61 and 61%, respectively. The median
and 5-year cause-specific survivals were 39 months and 43%, respectively. Acute
high-grade (=3) toxicity was hematological (22%), esophageal (7%), or bron-
chopulmonary (7%). No grade 5 toxicity was observed. Late high-grade toxicity
was rarely observed (total 10%). Hfx RT and concurrent low-dose daily carbopla-
tin/paclitaxel was feasible with low toxicity and effective in patients with stage I/
IT non-small cell lung cancer. It should continue to be investigated for this disease.
What, however, should be clearly emphasized is the patient population which was
very favorable. The majority of patients were in a good KPS, none had weight
loss of >5 and 70% of patients enrolled into this study actually refused surgery.
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Nevertheless, the results achieved showed an improvement over the results tra-

ditionally seen in an unselected and, therefore, unfavorable patient population of
early NSCLC. They also showed that improvements in treatment outcome should
also be sought by identifying subsets of patients within early NSCLC that may
benefit from various approaches, a goal for future studies in this setting.
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Abstract
For patients with early stage non-small cell lung cancer (NSCLC) unsuitable for resection local
high-dose radiotherapy is the treatment of choice. In modern series even with escalated confor-
mal radiotherapy local control rates of about 55% remain disappointing. Within the last years,
stereotactic radiotherapy has been shown an effective treatment approach for early stage malig-
nant lung tumors, combining the accurate focal dose delivery by stereotactic techniques with
the biological advantages of dose escalated hypofractionated radiotherapy. Typical treatment
regimens include three to five fractions over 1-2 weeks or 1 single fraction as radiosurgery. With
adequate staging procedures including FDG-PET-CT scan and a low probability of subclinical
involvement of unsuspicious locoregional lymph nodes, the concept is to irradiate the primary
T1/2 tumor alone. Recent data report local control rates of up to 90%, with favorable results
especially for patients in good general condition. Less than 10% of all patients develop isolated
tumor recurrences in regional lymph nodes. Three-year survival is significantly improved to more
than 80% when biological effective doses of more than 100 Gy are applied to patients in good
conditions. Systemic tumor recurrence still is a major problem, making an additional systemic
chemotherapy interesting for selected patients after hSRT, such as those younger than 75 years.
Copyright © 2010 S. Karger AG, Basel

Cancer is one of the major health concerns worldwide. The burden of cancer is
increasing globally, with an expected 20 million new cases per year in 2020, half of
which will be in low and middle income countries [1].



In stage I non-small cell lung cancer (NSCLC) standard treatment is still sur-
gery, in younger patients sometimes followed by systemic chemotherapy [2, 3]. At
3 years, mean overall survival rates of about 70% in stage IA and of less than 50%
in stage IB were published [4-6]. Local tumor control is about 90% and depends
on the type of resection. Lobectomy and pneumonectomy are superior to atypi-
cal resection [5]. It is reported that the worse outcome with atypical resection is
not only influenced by an increased local failure rate but mainly by perioperative
morbidity and mortality. For these patients in early NSCLC stages with pre-exist-
ing comorbidity, advanced age or refusal of operation, definitive local high dose
radiotherapy alone may be the standard treatment option. Unfortunately, with
conventionally fractionated and even moderately accelerated or hyperfractionated
schedules, the results are still less favorable than those obtained with surgery alone.
The reported 5-year survival rates are as low as 18% (5-42%), but it became obvi-
ous that the highest doses achieved a better local control than the standard 60 Gy
in 30 fractions commonly used in practice. Furthermore, local failures continue to
occur even at the highest dose levels, possibly owing to the very protracted overall
treatment times [7-10].

Among many technologically advanced treatments that new informatic tech-
nologies brought to the field of radiation oncology, such as the use of sophisticated
treatment planning systems and radiation therapy using three-dimensional soft-
ware programs, stereotactic radiotherapy has been increasingly used in recent years
[11, 12]. Combining the accurate focal dose delivery of stereotactic radiotherapy
with the biological advantages of hypofractionated radiotherapy has been shown
to be an effective treatment approach for both malignant and nonmalignant brain
tumors. High biologically effective radiation doses are generally of advantage with
regard to tumor cell kill and local tumor control. Patients with clinically T1-2 NO
tumors seem to be the ideal candidates for investigation of these new technologies
of SBRT [11, 13-16]. This paper summarizes the current technique of SBRT and
recent clinical data on local tumor control, overall survival and early and late tox-
icity of SBRT in early NSCLC.

Definitions of Stereotactic Body Radiation Therapy

SBRT evolved from the clinical experience of intracranial stereotactic radiosur-

gery and the technical development of radiotherapy in general. Today, SBRT is

an accepted acronym for Stereotactic Body Radiation Therapy, which previously

commonly was called extracranial stereotactic radiotherapy. The following essen-

tial components are collectively unique to SBRT [17-19]:

- The use of a well-defined reference system for localization of the target and for
set-up at the accelerator. The reference (stereotactic) system is a 3D coordinate
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system as referenced to fiducials, which are ‘markers’ whose position can be

confidently correlated both to the target and the treatment delivery device. A

stereotactic treatment is one directed by such fiducial references.

- Direct geometrical verification of the target position in the reference system,
as opposed to verification of surrogate markers in conventional radiother-
apy.

- Secure immobilization and repositioning of the patient, as well as proper
accounting for the internal organ motion.

- Small margins to PTV.

- Spatial dose distribution very conformal to and commonly intentionally het-
erogeneous within the PTV with a very rapid fall off to surrounding normal
tissues.

- Treatment of solid tumors.

— Prescription of biologically very potent target doses, with a few fractions of
very high dose delivered in a short time.

SBRT is thus used to treat well-demarcated visible gross tumors. It is not
intended for prophylactic (adjuvant) treatment, independent of the technique
used for SBRT (Linac, Protons, Cyberknife e.o.).

Different reference systems defined by fiducials in use in SBRT exist (fig. 1).
The reference system relates both to the target (CTV) and to the treatment unit.
Set-up is the alignment of the reference system used, to the coordinate system of
the accelerator, according to what is determined during the dose planning, and
the set-up margin is the margin used for the set-up error [20]. Characteristic for
SBRT is a small set-up error, usually of less than 5 mm. To account for varia-
tions in position, shape and size of the CTV in the reference system used, a
margin is added, an internal margin [20]. PT'V is a geometrical concept used in
treatment planning to ensure that the prescribed dose is delivered to the CTV,
and includes both the set-up margin and an internal margin [20]. Geometrical
verification aims at making confident that the volume of the CTV will be within
the PTV during the treatment. This can be optimized by image guidance within
the treatment room (IGRT) with conventional X-ray, CT scan or cone-beam
CT as well, which is not necessarily obligat for SBRT. With a small set-up error
(within 1 mm), the geometrical verification will be essential to make it confi-
dent that the volume of the CTV will be within PTV in the reference system
used.

In some SBRT methods, set-up and geometrical verification are two separate
steps in the process. However, when reference systems defined by tumor fiducials
are used (for example, gold markers in the tumor and projection imaging or the
tumor itself and cone-beam CT) the two steps are generally integrated to a single
procedure, as the set-up also includes an on-line correction as a result of the geo-
metrical verification.
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Fig. 1. Different reference systems defined by fiducials used in SBRT.

Staging Procedures before SBRT

Accurate clinical staging is critical in the evaluation of any patient with NSCLC.
The clinical stage as determined by all available clinical, radiographic, and biopsy
data, has to be performed as accurately and comprehensively as possible. Newer
technologies such as autofluorescence bronchoscopy, narrow banding imaging,
endoscopic ultrasound, endobronchial ultrasound and electromagnetic naviga-
tion are used to define the local tumor extension [21].

Mediastinoscopy remains the gold standard for regional nodal staging. Due
to the fact that most patients presented for SBRT were not amenable for opera-
tive staging procedures due to poor functional status of lung and/or heart, CT
scans have been used in principle to define both local and regional tumor exten-
sion. Invasive procedures can be omitted in patients with peripheral tumors and
negative mediastinal positron emission tomography images [22]. Based on recent
knowledge on the superiority of FDG-PET scan to CT scanning alone, with a 91%
sensitivity and a 86% specificity for mediastinal staging and a negative predictive
value of about 98%, nowadays, FDG-PET-CT scan is recommended in general
[22, 23].

In SBRT, the concept to irradiate the primary tumor (T1 or T2) alone is based on
the well-known observation that in these early T stages the probability of involve-
ment of locoregional lymph nodes after adequate staging procedures, including a
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negative FDG-PET-CT scan for regional lymph nodes, is comparatively low, usu-
ally below 10% [24]. In all modern series, FDG-PET-CT is applied as the basic
staging procedure and for radiation treatment planning to define target volume,
especially in tumors causing subsequent atelectasis.

Unfortunately, data sets on overall survival with a longer follow-up after initial
staging with FDG-PET-CT are still limited. In centrally located, undifferentiated
carcinoma, MRI of the brain may be added to ascertain the staging of the brain
[25, 26].

Implementation of Techniques in Clinical Routine

The clinical issue of SBRT is high local tumor control with low acute and late toxic-
ity. Both goals are achieved by very high fraction doses applied to a small volume.
Because the CTV is given, volume reduction can only be achieved by increased
precision of treatment, which covers both - setup accuracy and target mobility.
For this purpose two strategies are available: a frame-based stereotactic approach
(external fiducials) and a frameless procedure, usually with internal markers (i.e.
implanted in the tumor by CT punction or endoscopic techniques). In the latter,
imaging is used for guidance, and in the previous situation, IGRT can be used
additionally but is not needed in principle.

In both situations, patient fixation is required using a stereotactic body frame
(SBF; ELEKTA, Inc.), BodyFix (Medical Intelligence/ELEKTA, Inc.) or compa-
rable devices [13, 17, 27, 28]. In all devices, the patient is fixed by a tight vacuum
pillow, which again can be related to an external (stereotactic) reference system.
Breathing mobility can be easily decreased mechanically by abdominal pressure
or — more advanced - controlled by gating techniques such as the active breath-
ing control (ABC; ELEKTA, Inc.) or real-time positioning management (PRM,
Varian, Inc.). Oxygen-assisted shallow breathing or JET ventilation are also in use,
but its value is not yet proven.

In all scenarios setup accuracy and breathing mobility of the target have to be
assessed for treatment planning and prior to irradiation. This can be performed by
the use of fluoroscopy (if the target can be seen or is strongly related to bony struc-
tures) or by CT (if the target cannot be identified by conventional X-ray equip-
ment). Recent advances in technology allow target verification and assessment of
breathing mobility directly on the treatment couch using cone-beam CT. With
the use of cone-beam CT prior to treatment stereotactic coordinates can be aban-
doned, because the isocenter position can be directly assigned to the appropriate
position (image-guided radiotherapy).

Treatment planning is usually based on CT data. Further imaging modalities
such as MRI or FDG-PET can be included, too. The scanned volume should not
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only cover the target but also the complete organs at risk, e.g. the lung and heart
for pulmonary tumors. If non-coplanar irradiation techniques might be used,
this should be regarded when determining the scanned volume. While slice
thickness obviously depends on the size of the tumor, under normal conditions
3-5 mm will be appropriate in the majority of cases. Intravenous contrast will
be helpful in central lung tumors. Prior to definite scanning potential breathing
mobility has to be evaluated. Depending on the method used to decrease breath-
ing mobility the amount of motion should be analyzed (it has to be regarded
to determine appropriate margins for PTV definition). This can either be done
by multislice CT, dynamic scans (repeated scans at the same couch position)
or evaluation of the target position in maximum in- and expiration. While this
approach is based on slices, which show the scanned tumor position in a very
short (<1 s) period of time resulting in a ‘sharp’ image, the target also can be
scanned by a slow CT. With this technique the tumor is scanned very slowly
(e.g. scan time for a slice 3 s). The image shows a ‘blurred” shape of the target
including and depending on internal motion (ITV) [29], which represents the
‘orbit’ the target is moving in. This technique might have advantages especially
when a cone-beam CT is used for target verification prior to irradiation, because
due to the slow scan time (about 1 min) the shape of the target will also appear
‘blurred’ [30].

Ideally, both GTV and CTV should be geometrically defined in an unambig-
uous way in the reference system used. In clinical practice, however, there will
always be more or less breathing motions during imaging (even with gating there
will be a residual motion) as well as differences in tumor position during imag-
ing and treatment. ICRU 62 [20] defines an internal margin (IM) and an internal
target volume (ITV) for the physiologic movements and variations of the CTV
during therapy (fig. 1). One way to get an estimate of the IM is to do the imaging
during several breathing cycles (cf. Imaging for planning above). In clinical prac-
tice of SBRT, ITV is relatively seldom defined explicit, but PTV is usually drawn
with standard margins to a CTV which has been defined by normal dose-planning
imaging (table 1). Current clinical experience is basically based on this way of tar-
get definitions. The standard margins are determined from geometrical verifica-
tion imaging of patient cohorts and basically only valid for the use of a particular
set of conditions like methods for patient fixation, breathing reduction as well as
choice of reference system and method for set-up and geometrical verification.
However, due to similar geometrical requirement using different methodology for
SBRT there is today a relatively narrow range of margins between CTV and PTV
used in clinical practice. With the immobilization equipment and methods for
reduction of the target motion described in this report, the longitudinal margin is
generally 10 mm. In the transverse plane, margins are usually of the order of 5 mm
up to 10 mm (table 1) [15, 30-40]. Even though the margins reported are relatively
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Table 1. Margins for definition of planning target volume used in different recent trials of SBRT
in early NSCLC

First author (year) Margin trans  Marginlong Comment Method for breathing
mm mm reduction

Timmerman (2006) 5 10 different methods

(19l

Baumann (2006) [31] 5,10 10 Abd. Comp

Zimmermann (2006)  individual individual Abd. Comp

[32]

Joyner (2006) [74] 5 10

Okunieff (2006) [35] 7 10 Resp gating

Hoyer (2006) [34] min 5 10 laterind. marg.  Abd.Comp

Wulf (2005) [33] 5 5,10 Abd. Comp

Wurm (2006) [36] 5 5 adaptive gating

Hodge (2006) [37] 6 6 Marg. to ITV Abd. Comp

Guckenberger (2007) 5 5 Marg. to ITV Abd. Comp

[30]

Nuyttens (2006) [38] 5 5 tracking

Nagata (2005) [39] 5 8-10 Marg. to ITV Abd. Comp

Onishi (2007) [15] 0-5 0-5 Marg. to ITV different methods

Hata (2007) [40] 5 5-10 Marg. to ITV different methods

similar, it is important that the margins used should be based on experience from
the particular methodology used at each center.

Treatment planning in SBRT is done on commercial treatment planning systems
(TPS) used also for radiotherapy planning in general. Pencil beam algorithms have
a limited accuracy, but acceptable to use [41]. Point kernel-based superposition/
convolution algorithms give a more accurate estimate of the dose to the tumor
and surrounding lung tissue [41]. The error in the dose calculation for tumors
in the lungs is reduced if the photon energy is restricted to a maximum of 6 MV.
Comparing different publications, these effects should be taken into account.

There are two different concepts of treatment planning for SBRT. One con-
cept is to maintain dose homogeneity within the target derived from conventional
radiotherapy. In this case, the homogeneity index (HI) is an important index and
the dose is usually prescribed at the isocenter. The other concept is not to maintain
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Table 2. Dose-volume constraints of various organs at risk, used in RTOG trial 0618 treating
operable patients with early stage primary NSCLC

Organ Volume Dose, cGy

Spinal cord any point 18 Gy (6 Gy per fraction)

Esophagus any point 27 Gy (9 Gy per fraction)

Ipsilateral brachial plexus any point 24 Gy (8 Gy per fraction)
Heart/Pericardium any point 30 Gy (10 Gy per fraction)

Trachea and ipsilateral bronchus any point 30 Gy (10 Gy per fraction)

Whole lung (right and left) V-20 less than 5-10% of total lung volume
Skin any point 24 Gy (8 Gy per fraction)

dose homogeneity derived from cranial stereotactic radiotherapy. In this case, the
conformity index (CI) is an important index and the dose is prescribed at the PTV
margin. To avoid serious complications, the most important issue for RTP of SBRT
is to maintain the dose constraints of OAR, including the spinal cord, pulmonary
artery, bronchus, and heart (table 2).

Biological Basis of Hypofractionated SBRT

Different to normofractionated radiotherapy, the biological purpose of stereotac-
tic irradiation is lethal rather than sublethal cell damage in the high dose area
without repair. Additionally due to short overall treatment time (single dose,
hypofractionation within 1-3 weeks) avoidance of repopulation of tumor cells is
another advantage. On the other hand the prescription of the amount of dose has
to respect that re-oxygenation and re-distribution of cells in the cell cycle will not
occur. Organs at risk are prevented from serious damage by sparing these tissues
from high dose area. This is in accordance to the practice in intracranial stereotac-
tic radiotherapy. The optimal amount of dose required to achieve local tumor con-
trol and the tolerance doses for normal tissue are a subject of evaluation [11, 16].
Besides dose escalation trials [13, 42, 43], a lot of prospective institutional-based
reports on clinical results of SBRT have been published. Unfortunately, compari-
son of these results is difficult, because different dose fractionation schedules have
been used and normalization and prescription of dose (PTV-enclosing isodose vs.
isocenter, homogeneous vs. inhomogeneous dose distribution) is also very non-
uniform. To overcome this problem, some authors used the biological effective

SBRT for Early NSCLC 101



dose (BED) based on the formula: BED (Gy) = dose/fraction x fraction number
(1 + fraction dose/a/p) using an alpha/beta of 10 Gy for tumor tissue. Analyzing
their data they found a BED of about 100 Gy to be appropriate to achieve a TCP of
about 90% for lung tumors [15, 33]. Nevertheless, this approach can be criticized,
because it is not proven that the LQ model will be reliable at such high fraction
doses. Therefore eventually other radiobiological models might be better to pre-
dict the effect of ESRT including modifications of the multitarget model [44].

Historical Aspects and Early Clinical Experience in SBRT of Lung Cancer

The clinical experience from intracranial stereotactic radiosurgery introduced in
the middle of the 20th century, together with the technical development in conven-
tional radiotherapy, initiated the development of stereotactic radiotherapy with very
high dose per fraction, delivered in a short time to targets in the body. This started
at Karolinska University hospital, Sweden in 1991 with tumors in the liver and lungs
[17]. In parallel, the method was developed in Japan and clinically introduced in
1994 for lung tumors [45]. During the last 5 years of the 1990s, SBRT was intro-
duced at several centers in Europe, Japan and USA [28, 42, 46, 47]. Early reports
already showed very promising results both with regard to local control and toxicity
for the hypofractionation schedules adopted with 10-15 Gy/fraction given in a few
fractions during a short time [27, 45]. However, due to the new aspects introduced
in SBRT, clinical experience was gathered at a very slow rate at the beginning and it
was not until the end of the 1990s and the first years of the 21st century that outcome
data from several centers were at hand to confirm the initial promising results.

Clinical Experience

Considerable investigation of SBRT to treat both primary and metastatic cancers
of the lungs has been carried out around the world. With the high prevalence of
such tumors, the high rates of cancer-associated deaths, and the desire for more
effective treatments, it is no wonder that lung tumors have been the most com-
mon site of SBRT treatment. In addition, the large volume and inherent functional
redundancy of pulmonary tissue has allowed stereotactic treatments to be carried
out effectively and with acceptable toxicity for many tumor presentations espe-
cially in the periphery of the lung.

So far, the experience in treating primary lung cancer using SBRT has mostly
occurred in patients who were unfit for surgical resection (medically inoperable
patients). Furthermore, nearly all reports describe outcomes in patients with stage
I disease, particularly for peripheral tumor locations. As medically inoperable
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Fig. 2. NSCLC of the right upper lobe. T1 tumor. Before SBRT. 18 months after SBRT with 3 x 12.5
Gy (calculated on the 60%-isodose). Local lung fibrosis. Complete remission.

patients are at risk of dying from more causes than just their lung cancer, survival
in these patients is ultimately compromised. On the other hand, initial data report
on local control rates of up to 90%, with favorable results especially for patients in
good general condition [15], asking for a further spread of this technique to new
indications.

Local Tumor Response

Still the benefits of SBRT can be quantified by assessing local control (especially
if reported as an actuarial rate). Numerous reports show dramatically improved
rates of local control compared to results published using conventional radiother-
apy methods and schedules. Historically, local control at 2 years from radiation
treatment was only 30-45% with conventional schedules, yet with SBRT rates of
70-98% are reported in numerous phase II institutional protocols [15, 18, 27, 31,
32, 40, 42, 47-68] (fig. 2; table 3).

Unfortunately, a broad spectrum of fractionation schedules with different dose
prescription resulting in various biologically effective doses have been used (tables

4). The number of fractions have been 1 to more than 10, and the size of frac-
tions 5-30 Gy at the PTV-surrounding isodose.

From the first clinical trials starting in the 1990s, local control rates of primary
lung cancer with SBRT have been reported by to be 94% (47/50) for 50-60 Gy in
5 fractions with a median follow-up of 36 months [51], and 92% (22/24) for 60 Gy
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Table 3. Local tumor control rates from different recent trials of SBRT in early NSCLC

First author Number of  Fraction Totaldose Isodose LC css  0OS Comment
(year) patients
Ng (2008) [59] 20 3-4 45-54 85-90 947 776 733
Salazar (2008) 60 1-6 40 76 98 87 74
[62] 82 62 3 years data
Takeda (2009) 63 5 50 80 95 92 79
[63] 38 93 100 920 3 years stage IA

25 96 81 63 3 years stage IB
Onishi (2007) 257 1-14 30-84 100 762 732 472 5yearsdata
[15]
Onimaru 41 4 32-384 80 73 73 64 no consequent
(2008) [601] margins
Guckenberger 38 1-8 26-56 65-80 89 n.g. n.g.
(2007) [30] 83 59 37 3 years data
Timmerman 70 3 60-66 80 95 n.g. 56
(2007) [57]
Brown (2007) 57 1-5 15-67.5 57-81 <75 ~90 84 1.5 years data,
[64] indirect calculation
Fritz (2008) 40 1 24 80 94 71 66
[58] 81 57 53 3 years data
Hof (2007) [47] 42 1 15.2-24 80 679 ng. 654
Baumann 57 3 45 67 96 n.g. n.g.
(2006) [31]
Uematsu 50 5-10 50-60 80 94 88 66 3 years data; 36%
(2001) [51] combined

with CRT

Zimmermann 68 3-5 24-40 60 88 82 71
(2006) [32] 88 73 53 3 years data
Wulf (2005) [33] 20 1-3 45-56.2 80 92 ng. 32
Nagata (2005) 45 3 384 80 98 n.g. 83 stage IA
[39] 72 stage IB
Hata (2007) [40] 21 10 50-60 90 96 86 74 proton therapy
Beitler (2006) 75 5-40 30-90 70-95 n.g. ng. 45 some patients with
[14] prior chemotherapy

TD =Total dose, LC = local control, CSS = cause-specific survival, OS = overall survival. Isodose = PTV-
encompassing isodose. n.g. = Not given.
All data are at 2 years of follow-up when not stated differently.
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in 8 fractions with a median follow-up of 24 months [49]. This has prompted the
initial investigation of using SBRT in operable patients [15]. In a multicentric
approach, it could be demonstrated that patients in good condition have an even
higher benefit than patients with severe comorbidity.

Within the following years, SBRT became more popular in areas besides the
northern European countries and Japan. In all those clinical trials, the major focus
was on local control. The authors report values of about 90%: 87% (30/37) for 60
Gy in 3 fractions with a median follow-up of 15 months [42], 85% for 48-60 Gy
in 8 fractions with a median follow-up of 17 months [52], 95% for 45-56.2 Gy in
3 fractions with a median follow-up of 10 months [53], 90% for 30-40 Gy in 4
fractions with a median follow-up of 21 months [65], and 97% (44/45) for 48 Gy
in 4 fractions with a median follow-up of 22-30 months [39]. In the most recent
trials, with even higher BED of more than 150 Gy (with an o/p-relation of 3), local
control reaches up to 98% [66, 63] (table 3).

A few publications exist on single fraction SBRT (radiosurgery), with doses
between 15 and 40 Gy. Only two trials from Germany document the feasibility of
this approach, whereas the other trials [64, 67, 68] lack both a good quality and
long-term follow-up. In the trials from Hof et al. [47] and Fritz et al. [58], local
control is at a similar level as with hypofractionated SBRT at 2 years when at least
26 Gy have been applied, but decreasing to 67.9 and 81% at 3 years. A comparison
of the BED of all available concepts explains the difference, and is demanding for
further dose escalation trials especially in radiosurgery.

However, the definition of local control after radiotherapy is difficult inde-
pendent of the fractionation schedule, because local tumor failure and radiation-
induced lung damage (RILD) cannot be clearly delineated. A so-called mass-like
shadow which cannot be delineated from residual tumor has been reported by
several authors [69-71]. To optimize follow-up, FDG-PET-CT scan may be intro-
duced, but conclusive data are still lacking (fig. 3).

Even though the definition of local control is different between each trial, a
BED larger than 100 Gy may be effective for SBRT of solitary lung cancer with
a local control rate of more than 85% [15]. We recommend calculations for the
PTV-including isodose, especially for calculation models using a dose prescrip-
tion to less than the 80%-surrounding isodose.

Survival Data

The survival rates of stage IA (TINOMO) and stage IB (T2NOMO) lung cancer have
not been reported separately by several authors. In a series of stage IA cancer, the
1- and 5-year local relapse-free survival rates were 100 and 95%. The disease-free
survival rates after 1, 3 and 5 years were 80, 72 and 72%, respectively, and the
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Table 4. Side effects from different recent trials of SBRT in early NSCLC

First author BED 2 Gy equivalent Lung toxicity >II° Pneumonitis I-II° Other toxicity

(year) dose % %

Ng (2008) [59]  270-297 162-178.2 0 n.g. 3 rib fractures

Takeda (2009) 216.7 130 5 3

[63]

Onishi (2007) 252-330 151.2-198 54 5.5 0.8% esophagitis,

[15] 1.6% rib fracture

Onimaru (2008) 117-161.3  70.4-96.8 ~10 1 pleural effusion

[60]

Guckenberger  186.7-251.3 112-150.8 0.6 12;>50% in CT scan 2 pneumothorax,

(2007) [30] 16% pleural effusion,
1 esophageal
ulceration

Timmerman 460-550 276-330 n.g. n.g. In total toxicity >Il:

(2007) [571 peripheral tumors:17;
central tumors:46

Brown (2007) 90-371.3 54-222.8 ~2 ~5 3 esophagitis, 5

[64] pneumothorax by
fiducial implantation

Fritz (2008) 216 129.6 0 75 (only on CT scan)  25% pleural effusion,

[58] 3rib fractures

Hof (2007) 92.2-216 55.3-129.6 0 64 (mostly on CT

[47] scan only)

Baumann 270 162 ~5 16 21% toxicity IlI° in

(2006) [31] total, 2 pain, 1 rib
fracture, 13 pleural
effusion

Uematsu 327.8-460 196.7-276 0 only on CT scanin

(2001) [51] most patients

Zimmermann 72-193.7 43.2-116.2 6.4 39.1 with symptoms  3.4% pleural effusion,

(2006) [32] 5.0% rib fractures

Wulf (2005) 270-407 162-244.2 0 6 13% mild pain, fever,

[33] chills

Hata (2007) 13-180 79.8-108 0 only in CT scan in 3 mild hematologic,

[40] most patients 2 chest wall pain

Salazar (2008) 150.8-173.3 90.5-104 0 6 2 esophagitis,

[62]

1 pleural effusion

mBED = minimal biological effective dose (a/p = 3) in the PTV.
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Fig. 3. NSCLC of the left lower lobe. T2/N1 tumor. FDG-PET-CT scan. a Before SBRT. b 12 months
after SBRT with 5 x 7.0 Gy (calculated on the 60% isodose). Local lung fibrosis. Complete remis-
sion. SUV in PET scan <2. Courtesy of Institute of Nuclear Medicine, MRI, Munich.

overall survival rates were 93, 83 and 83%, respectively. In stage IB cancer, the
local relapse-free survival rates were 100%. The disease-free survival after 1, 3 and
5 years were 92, 71 and 71%, respectively, and the overall survival rates were 82,
72 and 72%, respectively [39]. Onishi et al. [15] recently reported the results for 13
institutions in Japan, which summarized 245 patients: 155 with stage IA lung can-
cer and 90 with stage IB lung cancer. There were 87 operable and 158 inoperable
patients, and their results showed that the intercurrent death rate was especially
high in the inoperable patient group. Moreover, the 5-year survival rates of oper-
able patients irradiated with more than BED = 100 Gy was 70.8% for the whole
group, with 72.3% for stage IA and 65.9% for stage IB, and their clinical results
were as good as those for surgery [15] (table 3).

These survival rates should be compared with the results of surgery; however,
the results of SBRT may differ depending on how many patients of each groups
are operable and inoperable, and how many of them have central and peripheral
tumors. Additionally, the clinical staging is still less precise than the intraoperative
one, mainly due to the detection of subclinical tumor spread around the primary
and the higher detection rate of subclinical lymph node metastases by resection of
N1 and N2 sites.

Side Effects

The great concern of pulmonary toxicity with this SBRT treatment was relieved
by the very low rates of complications in early studies. Compared to conventional
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radiotherapy, lung toxicity occurs relatively late after SBRT (e.g. 9-12 months or
more). The most serious toxicity after SBRT for lung tumors is predominantly related
to the bronchi and bronchioles located in the vicinity of the treated tumor. Frequently,
dramatic imaging changes can be seen on CT scans consisting of in-field and down-
stream consolidation and fibrosis. Nevertheless, symptomatic radiation pneumonitis
which consists of inflammation and fluid extravasation within the terminal bronchi-
oles and alveoli is seen less frequently after SBRT than with conventional radiother-
apy. Drop in oxygen exchange parameters, including diffusing capacity and arterial
oxygen tension can be seen soon after treatment, but are scarce. Most pulmonary
complications are less than NCI-CTC version 2.0 grade 2 (table 4).

The effects of a hypofractionated dose on the main bronchus, pulmonary
artery, heart and esophagus have not been followed up for a sufficiently long
time. However, a few serious complications have recently been reported by sev-
eral institutions in Japan [72]. These complications include grade 5 pulmonary
complications, radiation pneumonitis, hemoptysis and radiation esophagitis.
Lethal pulmonary bleeding and esophageal ulcer have been previously reported
by several authors. Timmerman [43] recently reported a series of complications
with SBRT. Most cases of grade 5 radiation pneumonitis were accompanied by
interstitial pneumonitis. Cases of interstitial pneumonitis should be carefully
considered. Thoracocutaneous fistula was reported in a patient with previous
tuberculosis history. Acute cholecystis was reported in a patient with gallstones
who had been pressed with an abdominal press board at the time of SBRT. Finally,
it is not uncommon for patients to experience chest wall pain months after SBRT,
especially if treating tumors adjacent to the pleura, as a sign of intercostal neural-
gia. Some, but not all, of these patients will have pleural effusions associated with
chest wall pain. The problem seems to be mostly self-limited and conservative
management with over-the-counter analgesics or anti-inflammatory medicines
is typically effective. Some of those patients later develop rib fractures, which
should be strongly separated from local tumor progression, either by FDG-PET
scan or biopsy. When the esophagus, trachea or main bronchus are near the tar-
get, there is a higher risk of early dysphagia, severe cough, and late strictures
[43, 73]. Therefore, central hilar tumors adjacent to mediastinal organs should
be carefully considered for SBRT, or only treated with lower single fraction doses
[32, 74] (table 4).

Comparison of SBRT with Surgical Data
Less than 25% of all patients diagnosed with lung cancer will present with early

stage disease (less than 10% in stage I). These patients have the greatest hope for
cure following standard procedure of resection. Survival varies, with reports on

108 Zimmermann - Wulf - Lax - Nagata - Timmerman - Stojkovski - Jeremic



5-year overall survival of 36-84% for pathologically proven stage IA and IB dis-
eases [5]. Mean values on overall survival at 5 years of 67% for postoperative path-
ological stage IA and of 57% in stage IB are reported, with a difference of 8-38%
between stage IA and IB. The results decrease to 61 and 37% for preoperative clini-
cally defined stage IA and IB, respectively [4]. Mean 3-year overall survival rates of
about 70% in stage IA and of less than 50% for stage IB are published for surgical
treatment. These figures are comparable to data after SBRT alone.

Unfortunately, data sets on overall survival with a longer follow-up after initial
staging with FDG-PET-CT are still limited. This makes a direct comparison of
recent data of SBRT with results after curative resection difficult [56]. Considering
disease-specific survival data one has to be aware of the fact that these are even
more scarce than results concerning overall survival. Onishi et al. [15] were able
to demonstrate in a large multicenter trial that overall survival after SBRT is com-
paratively better when patients are operable but refuse resection. In this subgroup
of patients 3-year survival was significantly improved to 88% when a biological
effective dose of more than 100 Gy was applied. These results are even better than
those usually achieved by surgical procedures.

We know from surgical data that even in patients with good general condi-
tion a difference of up to 20% between overall and disease-specific survival can be
detected following resection, with a disease-specific survival of 72% for stage IA
and of 32% for stage IB at 5 years [6]. For all stage I patients the disease-specific
survival at 3 years was reported to be about 64%, which is even worse in compari-
son to data of SBRT [15, 32].

Comparable to surgical data, cancer relapse following SBRT is usually distant.
Less than 10% of the patients die due to local recurrence, but more than 20% from
distant metastases, predominately in brain and lung. This indicates that NSCLC is
in part a systemic disease even in clinical stage I cancer patients. The use of addi-
tional systemic chemotherapy might be of benefit for selected patients after hSRT,
such as those younger than 75 years. After resection the positive effect on survival
has already been demonstrated in randomized clinical trials [3].

Follow-Up Recommendations

Follow-up of patients has a crucial aspect in quality assurance of the treatment. It
should allow for assessment of efficacy of treatment in terms of local tumor con-
trol, patient condition in terms of clinically relevant side effects and patient selec-
tion in terms of survival and/or progression of disease.

Clinical anamnesis and focal physical examination are the basic diagnostic
methods. For assessment of local tumor control and clinically not obvious side
effects laboratory tests (differential blood account, tumor marker), CT, MRI, FDG-
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PET and/or spirometry can be performed. The first examination is usually 6 weeks
after irradiation followed by further examinations every 3-6 months. The results
and especially the acquired images should be sent to and co-evaluated by the treat-
ing physician, because assessment of changes such as distinguishing scar tissue and
inflammation from tumor (recurrence) might be difficult and requires a certain
amount of experience [57] (fig. 2). Even with positive FDG-PET scan for months
and years after SBRT, false-positive interpretation should be excluded by biopsy.
Pneumonitis and pneumonia can pretend tumor progression, with SUV up to 7.

Future

While anatomical surgical resection has long been the standard treatment for stage
I patients, SBRT could offer a less toxic, less costly, and more convenient alterna-
tive. With the promising preliminary results from single institutions, the maturing
evaluation of late radiation toxicity, and the conduct of multicenter prospective tri-
als in both operable and medically inoperable patients, SBRT shows considerable
promise to be one of the most important recent innovations for effectively treating
patients with primary and secondary lung cancer. However, prospective testing is
required to insure that cure rates are not compromised. Clinical prospective phase
IT trials testing SBRT in operable patients is ongoing or planned in Japan (Japan
Clinical Oncology Group, JCOG, protocol 0403) and the United States (Radiation
Therapy Oncology Group, RTOG, protocol 0618), and a comparison of SBRT with
surgery in the US. In medically inoperable patient groups, a Nordick multi-insti-
tutional consortium is comparing 3 fraction SBRT to conventional radiotherapy
in an ongoing randomized phase II study. The RTOG has finished a phase II study
of 3 fraction SBRT for peripheral tumors and is planning a phase I study with 5
fractions in patients with central tumors (RTOG 0633), and the JCOG is finishing
a phase II study using a 4-fraction treatment for peripheral tumors and is planning
a phase II study using a higher dose specifically for T2 tumors. Further trials in
planning stages at the RTOG include the addition of targeted systemic therapies to
SBRT (RTOG 0624) [12].
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Non-Small Cell Lung Cancer
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Abstract
Stage Il includes a large variety of clinical situations from chest wall invasion together with
intralobar lymph node metastasis to any size of a lung cancer in combination with mediastinal
lymph node involvement (N2/N3). Furthermore, the prognosis of patients with lymph node
metastasis depends largely on the extent of the disease, which may range from micro-metastasis
occasionally found during surgery to bulky and/or multilevel involvement of the mediastinum or
extracapsular infiltration. Not surprising the optimal treatment including the role of surgery for
stage IlIA (N2) and stage IlIB (T4/N3) non-small cell lung cancer is discussed controversially.
Adequate analysis of the clinical stage is key to select the best treatment. In general, patients
benefit from surgery, when a radical resection can be achieved with a low morbidity and mortal-
ity. A multidisciplinary approach is indicated in most patients, which present with stage Ill dis-
ease at diagnosis. Preferentially patients should be treated in study protocols whenever they are
available. Radical surgery including chest wall resection may result in a 5-year survival rate of up
to 50% in T3N1 disease. Adjuvant chemotherapy is recommended and radiotherapy is reserved
for cases with unclear resection margins. Clinical trials of preoperatively proven N2 patients
could show a better outcome when downstaging is achieved after neoadjuvant chemo- or
chemoradiotherapy prior to surgery. Patients who may need a pneumonectomy should be
selected with caution since some centers experience a high perioperative mortality rate. If
unforeseen N2 disease is found during surgery, an adjuvant therapy is recommended. Patients
with T4 tumors (infiltration of great vessels, trachea, esophagus, vertebral bodies, etc.) show an
increasing 5-year survival from 15 to 35% after radical resection with acceptable perioperative
mortality if treated in experienced centers. In stage Ill non-small cell lung cancer, surgery should
be performed within a multimodality approach. Surgery should be recommended when resec-
tion is radical including systematic lymph node dissection and mortality and morbidity are low.
Copyright © 2010 S. Karger AG, Basel

Stage III non-small cell lung cancer (NSCLC) is a very heterogeneous group, har-
boring up to 30% of all TNM classified patients. It includes a large variety of clini-
cal situations, which have to be approached individually [1].



Stage IIIA includes T3N1MO tumors, centrally located or peripheral tumors
infiltrating either the chest wall, diaphragm, mediastinal pleura or parietal peri-
cardium in addition to intrapulmonary lymph node metastasis. Special entities
are tumors infiltrating the superior sulcus. On the other side of the spectrum
are locally less advanced tumors within the lungs of any size with ipsilateral and
mediastinal lymph node involvement (T2N2MO0). Lymph node involvement itself
may already be clinically recognizable as bulk on one or several levels or micro-
scopically recognized only on histology or cytology. All these factors have to be
included in the individual decision process on treatment since they are relevant
for the prognosis.

Stage IIIB consists of tumors of any size with contralateral mediastinal lymph
node metastasis (N3) or tumors with mediastinal organ infiltration (great vessels,
carina, left atrium, superior vena cava, esophagus and vertebral bodies), malig-
nant effusions or satellite tumor nodule(s) within the ipsilateral primary tumor
lobe of the lung (T4). N3 disease is usually no indication for surgery, except in rare
palliative situations. However some promising results have been achieved in the
recent past in selected patients with successful response to induction therapy and
surgery (Swiss Group for Clinical Cancer Research (SAKK), publication is cur-
rently under review).

Locally advanced tumors with infiltration into neighboring organs (T4) have to
be evaluated separately since treatment goals relate more towards local radicality
in contrast to N3 disease where control of the systemic disease is of predominant
importance.

The role of optimal treatment including the role of surgery is discussed con-
troversially in these advanced stages and depends beside proper patient selection
and individual staging also on the local expertise of the treatment teams and their
possibilities.

Discussion of Stage-Related Treatment

Various centers worldwide have investigated the surgical treatment in these
advanced stages of lung cancer mostly in multimodality approaches.

Stage I1TA

The Mayo Clinic group summarized 95 en bloc lung and chest wall resections in
locally advanced tumors and reported an operative mortality 6.3% [2]. Overall

5-year survival was 38.7%. Long-term survival was strongly dependent on
nodal involvement and complete resection. Adjuvant chemotherapy in patients
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with positive lobar lymph nodes was not used at that time when the study was
conducted.

A special entity of stage IIIA tumors are the superior sulcus or pancoast tumors
because of the limitations to resection due to their anatomic location. It has been
shown that preoperative radiation therapy increases the 5-year survival rates.
Complete resection and nodal involvement are again major prognostic factors.

With additional chemotherapy (induction chemoradiotherapy) a complete
resection rate of 76% and a 5-year survival rate of 54% with complete resection
can be achieved [3]. Similar results have been achieved by the Stamatis group with
a complete resection rate of even 94% and a 5-year survival of 46% [4].

Of high importance is the sub-classification of N2 disease. Andre et al. 5]
defined subgroups of single and multiple level minimal (detected at the time of
surgery) N2 disease and those with single and multiple level clinical N2 disease.
Their 5-year survival rates have been 34, 11, 8 and 3%, respectively. Therefore, in
occult N2 disease, complete resection of the primary tumor as well as the lymph
nodes is recommended, followed by an adjuvant platinum-based chemotherapy.
Adjuvant radiotherapy after chemotherapy for local recurrence control should be
considered [6].

For clinically diagnosed N2 preoperatively, surgical resection is not recom-
mended as a single treatment. Those patients should be referred for a multidisci-
plinary evaluation (including a thoracic surgeon) before embarking on definitive
treatment. In most of the cases with a good performance status, surgical resection
might be a valuable option after induction chemo- or chemoradiotherapy [6].

Some studies in the past suggested missing benefits as well as inacceptable high
morbidity and mortality rates when advanced lung cancers have been surgically
resected following neoadjuvant therapy. For instance, the EORTC trial published
by van Meerbeck et al. [7] could not show an improved overall and progression-
free survival in 154 proven and primarily unresectable stage IIIA N2 patients.
After induction and surgery more than 50% remained incompletely resected.
Not surprisingly, the overall survival in this subgroup of patients with N2 disease
did not differ compared to the same number who had received radiation ther-
apy. Nevertheless, patients with complete resection reached a 27% 5-year survival
compared to an overall 5-year survival rate of 15.7% in the surgery arm and 14%
in the radiation arm.

The interim analysis of the RTOG 9309 trial in a total of 396 included proven
stage IITA N2 patients also could not show an overall survival benefit between the
surgery and radiation arm following neoadjuvant chemotherapy [8].

A closer insight into these studies, however, shows that the mortality rate for
patients after pneumonectomy has been as high as 26%, and that 79% were right-
sided pneumonectomies. Patients, who only received a lobectomy after chemora-
diotherapy and without this exceedingly high perioperative mortality rate showed
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a clear survival benefit after 60 months of follow-up compared to the radiotherapy
treatment.

This high mortality rate of pneumonectomies after induction chemo- and/or
radiotherapy has not been observed in other centers. Between 2003 and 2006, we
reviewed 59 sleeve resections, 30% thereof have been performed after induction
therapy, and 74 pneumonectomies (25% after induction therapy) at the division of
thoracic surgery at the University Hospital in Ziirich. In-hospital mortality was 1.2
and 1.3%, respectively.

The MD Anderson cancer center group evaluated a series of 76 patients who
underwent induction chemotherapy followed by surgery compared to 259 patients
who had only surgical treatment [9]. Chemotherapy followed by surgery did not
significantly affect overall morbidity or mortality based on clinical or postopera-
tive stage, or the extent of resection.

A Swiss multicenter phase II trial with cisplatin/docetaxel chemoinduction
summarized 75 resections (37 pneumonectomies, 38 bi- or lobectomies) reported
a 30-day mortality of 3% [10]. Successful downstaging of the mediastinal lymph
nodes was the most important prognostic factor and 3-year survival after surgery
in this subgroup was 61% compared to 11% in the nonresponders.

The Columbia group reviewed 40 of their patients from 1994 to 2000 (follow-
up closing interval until 2003) with locally advanced lung cancer, which had been
surgically resected following curative intent radiotherapy and concurrent chemo-
therapy with 0% mortality and highly favorable survival rates (5-year overall sur-
vival 46.2% and 5-year progression-free survival 56.4%) [11].

Kaya et al. [12] evaluated 54 stage III patients (75.9% stage IIIB and 24.1%
stage IITA) after concomitant chemoradiotherapy with cisplatin and doxetaxel.
Downstaging was possible in 32 (59.3%) of the patients. In the 26 (48.1%) surgi-
cally resected patients, median progression-free survival and overall survival (in
the entire cohort 14 months and 22 months, respectively) has not been reached
with a median follow-up duration of 24 months.

Cerfolio et al. [13] reviewed a series of 216 advanced lung cancer patients over
a decade (1998-2008), which had been surgically resected after concurrent che-
motherapy and high-dose (60 Gy) radiation with a major morbidity of 17% and
a mortality of only 2.3%. They reported an overall 5-year survival of 34%. It was
42% for RO resections, 38% for those with initial N2 disease and 45% for the 71
complete responders.

Evolving advanced surgical techniques such as sleeve resections allow perform-
ing lung volume saving procedures in functionally impaired patients and at the
same time a complete resection. A meta-analysis (13 studies) by Ma et al. [14]
compared sleeve lobectomies (SL) and pneumonectomies (PN) including more
than 1,000 stage III patients for morbidity and survivals. They summarized that SL
is effective and can be accomplished safely in selected patients without increasing
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the morbidity and mortality as compared to PN, that SL offers better long-term
survival than does PN, and that a more radical operation such as PN is not a more
appropriate procedure, even in higher stage tumors.

Stage I11B

Progress has also been made for stage IIIB patients over the past decades including
surgical therapy in selected patients.

Grunenwald [15] proposed that selected patients in IIIB subgroups, of which
the groups A (‘nodal’ stage IIIB) and B (‘mediastinal’ T4) should be differently
analyzed, may profit from radical surgery, whereas T4/N3 and pleural effusions
offer rare indications for curative surgical intents.

Farjah et al. [16] analyzed 13,077 T4 tumors in a cohort study between 1992
and 2002, from which 1,177 (9%) underwent surgical resection. The 5-year sur-
vival rate increased from 15% in 1992 to 35% in 2002 with still high 30-day mor-
tality of 10%. Over time mediastinal lymphadenectomy has increased (from 10 to
29%) as well as the use of neoadjuvant therapy (from 4 to 8%). Adjuvant radia-
tion therapy is used for local control of incompletely resected tumors and adjacent
lymph nodes, whereas adjuvant chemotherapy is used to treat suspected occult
systemic disease.

A meta-analysis of 26 series including 675 patients with T4 involvement of tra-
chea, carina, heart, great vessels and vertebral bodies shows a median survival of
19 months and a 5-year survival of up to 31% [17].

After radical resection of the distal trachea or carina 312 patients of this series
showed a median survival of 23 months [17].

The Paris group summarized their 8-year experience in 19 patients with verte-
bral body involvement who underwent radical en bloc resection with no postopera-
tive mortality and an acceptably low morbidity. They could present a median overall
survival of 26 months with 1- and 5-year survivals of 59 and 14%, respectively [18].

One and a half decades ago Naruke [19] already stated that within the stage
IIIB patients N3 does have a worse prognosis than T4, but several studies show
remarkable results after resection with 5-year survivals of 10%. Meanwhile, sur-
gery plays an increasingly important role, especially in combination with induc-
tion chemotherapy or chemoradiotherapy.

The importance of surgery in selected stage IIIB patients has been reviewed by
Albain [20], as 2-year survival rates with N3 and T4N2 tumors have been similar;
however, in T4N0/1 patients induction chemoradiotherapy and additional surgery
resulted in 64% 2-year survival versus 33% with chemoradiotherapy alone.

In a phase II study of 40 stage IIIB (T4 and/or N3) patients, to whom sur-
gery was offered after clinical response to chemoradiotherapy, the overall 5-year
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survival was 19% and as high as 42% for patients having no mediastinal lymph
node involvement at the time of complete resection surgery. Patients who had per-
sistent viable tumor cells at surgery (chemoradiotherapy failed to control disease)
had a remarkable 28% 5-year survival after complete resection [21].

Conclusions

Surgical resection remains the single most consistent and successful option for
cure for patients diagnosed with NSCLC. For this option to be successful, the can-
cer must be completely resectable, and the patient must be able to tolerate the
proposed surgical intervention well with low mortality [22].

However, these goals can be achieved in early stages only and in the more advanced
stage III, a multimodality approach is needed in most cases to achieve a success-
tul radical therapy. Since stage III disease includes a large variety of different stages,
which have to be treated with different approaches these patients should be evalu-
ated for best treatment by an interdisciplinary tumor board after clinical evaluation.
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Stage llI: Definitive Chemoradiotherapy
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Abstract

Concurrent chemoradiotherapy is presently the standard treatment for stage lll inoperable non-
small cell lung cancer. Within this treatment framework, conventionally fractionated radiother-
apy to a total dose of 60-66 Gy has proven effective. The chemotherapy should be performed
using a cisplatin-based regimen or, if contraindicated, carboplatin. The base drug can be com-
bined with another cytostatic, such as etoposide, vinorelbine, paclitaxel or gemcitabine. There is
no evidence from randomized clinical trials suggesting that addition of induction chemotherapy
or adjuvant chemotherapy to the concurrent chemotherapy regimen improves the prognosis of
these patients. Therefore, induction or adjuvant chemotherapy should not be used outside the
framework of clinical trials. Age over 70 years and concomitant diseases are not contraindica-
tions for concurrent radiochemotherapy per se, but an increased rate of side effects can be
expected in such elderly patients or patients with comorbidities. Consequently, these patients
require intensive supportive care. Presumably, advanced age is not an adverse prognostic factor
per se, but reduced heart and lung function are. Conclusive evidence confirming this assump-
tion is lacking. Copyright © 2010 S. Karger AG, Basel

Until the mid-1990s, treatment of technically or functionally inoperable stage
III non-small cell lung cancer (NSCLC) consisted of radiotherapy alone, which
achieved median survival times of 9-11 months. Few patients survived more than
5 years (fig. 1). The introduction of combined radiotherapy and chemotherapy
significantly improved the survival of these patients, as was initially shown in
randomized clinical trials and later in meta-analyses. A recent meta-analysis by
Rolland et al. [1] showed that sequential chemoradiotherapy (chemotherapy fol-
lowed by radiotherapy) results in significant improvement of survival rates (haz-
ard ratio (HR) 0.88, p = 0.001; absolute survival gain 2.6% at 3 years; increase
from 8.7 to 11.3%). Concurrent chemoradiotherapy was compared to radiother-
apy alone in the same study. The investigators found that concurrent radiochemo-
therapy resulted in a significant improvement of prognosis (HR 0.88, 0.81-0.95;
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Fig. 1. Survival following radiotherapy alone of inoperable advanced NSCLC without distant
metastases (n = 46). Median survival was 8.4 months: 1-year survival 30%, 2-year survival 9%, and
5-year survival 0%. Data from the Radiation Department of Rostock; radiotherapy between
01.01.1994 and 31.12.1997.

p = 0.0008; absolute survival gain 3.2% at 3 years; increase from 13.4 to 16.6%) in

a population of 2,910 patients with inoperable stage III NSCLC.
Based on these data, the present review will answer the following questions:

- Which combination of chemotherapy and radiotherapy is currently the most
promising?

- How should optimal chemoradiotherapy be performed?

- How do comorbidities influence the performance of concurrent chemoradio-
therapy?

Optimization of Combined Radiotherapy and Chemotherapy

Concurrent and sequential chemotherapy (fig. 2) regimens have been compared
in four large-scale randomized clinical trials to date [2-5] (table 1). These stud-
ies differ with regard to the radiation doses used. Total radiation doses of 60
Gy were used in two studies (Czech study and RTOG 9410-Trial), 56 Gy in the
third study (Japanese), and 66 Gy in the fourth (French). All four studies used a
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Fig. 2. Principle combination of radiotherapy and chemotherapy. Therapy options.

cisplatin-based regimen combined with either vinorelbine, vincristine or, in the
case of the Japanese study, mitomycin C. These RCTs also differed with regard
to the number of cycles of sequential chemotherapy completed, which ranged
from 2 to 4.

Different from these studies was the trial by the European Organization for
Research and Treatment of Cancer (EORTC 08972-22973), where low dose of
platinum cytostatic was used in the concurrent chemoradiotherapy arm of the
study [6]. While in the four studies with significantly higher cytostatic doses a
more or less significant survival benefit of concurrent chemoradiotherapy was
observed, the EORTC study detected no difference in survival rates. This equated
to a median survival gain of up to 3 months. The benefit was more pronounced in
the 2- to 3-year survival statistics: the differences in survival rates at this time were
about 10% higher following concurrent radiotherapy than after sequential chemo-
radiotherapy (table 2). This was confirmed by a recent meta-analysis by Auperin
etal. [7]. Their meta-analysis of seven randomized clinical trials showed a survival
benefit of concurrent chemoradiotherapy over sequential chemoradiotherapy (HR
0.83 (0.73-0.94); p = 0.0026; absolute gain 6.6%, increase from 18.2 to 24.8%).
In particular, concurrent chemoradiotherapy was superior in terms of local con-
trol (HR 0.76, p = 0.011). There was no significant difference in the incidence of
distant metastases in the two treatment arms (HR 1.04, p = 0.669). This finding
is important because a main point of criticism of concurrent chemoradiotherapy
has been the assumption that simultaneous administration of radiotherapy and
chemotherapy decreases the dose density of chemotherapy and thus reduces the
control of distant metastases.
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Table 1. Design of studies comparing sequential and concurrent chemoradiotherapy

Furuse, 1999
WIJLCG [2]

Curran, 2003
RTOG 9410 [3]

Fournel, 2005
GLOT-GFPC
NPC 95-01 [4]

Zatloukal, 2004 [5]

mAs —
\
I/ —
\
Il A/B —
\
A —
\

4 X MgV3Pg,

56 Gy (split course)

2% V5P

60 Gy

3 x Pyy/Vinors,

2 x Cis,o/Etos, + 66 Gy
4 X Pgg/Vinor.,s

60 Gy

56 Gy

4 MgV3Pgo
60 Gy

2% V5P
66 Gy

2 Cis/Vinor.
60 Gy

2 X Pgo, 28

Vinor. 5 /a1,8.15 +
2 X Pgg/Vinor.,s

Table 2. Survival results of trials comparing sequential and concurrent chemo-radiotherapy

randomized studies

Median survival, months

2-year survival, %

concurrent sequential concurrent sequential

RCT RCT RCT
Furuse et al. [2], 16.5 133 22,3 p <0.05
1999
Curran et al. [3], 17.0 14.6 21* p=0.04
2003
Fournel et al. [4], 16.3 14.5 21% p=0.24
2005
Zatlukal et al. [5], 16.6 12.9 42 p=0.02

2004

* 4-year data.

All of the studies indicated that concurrent chemoradiotherapy results in
higher rates of acute toxicity than sequential chemoradiotherapy (table 3). This
was particularly true of acute esophagitis (grade III/IV) (HR 5.7, p < 0.0001). The
rate of hematologic toxicity was also higher in the concurrent arm of most stud-
ies. Specifically, the rate of grade 3-4 hematologic toxicity was about 20% higher
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Table 3. Toxicity results of trials comparing sequential and concurrent chemo-radiotherapy:
acute toxicity — grade Ill/IV

Neutropenia, % Esophagitis, % Pneumonitis, %

sequential concurrent sequential concurrent sequential concurrent

Furuse et al. [2], 73 94 2 3 1 1
1999
Fourneletal.[4], 88 77 3 32 11 5
2005
Zatloukal et al. [5], 40 65 4 18 2 4
2004

after concurrent chemoradiotherapy that after sequential chemoradiotherapy. In
the EROTC study, the reverse was true due to the use of low-dose cisplatin. The
rate of neutropenia in the concurrent arm was only 3%.

Closer analysis of the data reveals that, in the majority of studies, the feasi-
bility of radiotherapy was decidedly unsatisfactory, especially in the sequential
arm. Only 60% of patients in the sequential arms of the Czech and French studies
received an adequate irradiation dose of more than 50-60 Gy. In contrast, radio-
therapy was completed as planned in 80-90% of patients in the concurrent arms.
The Japanese trial suggests that the intensity of chemotherapy was higher in the
concurrent arm. The difference was not as great in the Czech study, but the per-
centage of patients completing four or more cycles of chemotherapy tended to be
higher in the concurrent chemoradiotherapy arm than in the sequential arm (83
vs. 58%).

Overall, these data show that concurrent chemoradiotherapy can achieve a sig-
nificantly higher treatment intensity than sequential chemoradiotherapy. The rea-
son why only 60% of patients in the sequential arm received radiotherapy could be
that the patients were so debilitated after two to four cycles of chemotherapy that
they had little motivation to continue with further treatment.

Which Chemotherapy and Radiotherapy Regimens Are Optimal for Concurrent
Chemoradiotherapy?
Most radiotherapy regimens employed for concurrent chemoradiotherapy use

conventionally fractionated doses, e.g. 2 Gy once daily. The total dose is set based
on previous experience with radiotherapy alone and should be at least 60 Gy or,
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ideally, 66 Gy. Relevant randomized clinical trial data on accelerated radiotherapy
are not available. Curran et al. [8] compared hyperfractionated radiotherapy to a
total dose of 69.6 Gy to conventionally fractionated radiotherapy in a study of differ-
ent chemoradiotherapy regimens. Hyperfractionated radiotherapy not only failed
to improve median survival, but also resulted in higher rates of grade 3-4 toxicity;
however, there was no significant difference between the two groups with regard to
the long-term toxicity statistics. As dose-limiting toxicities, particularly esophagitis,
are a frequent impediment to concurrent chemoradiotherapy, these results suggest
that conventionally fractionated radiotherapy should always be used if possible.

The standard chemotherapy regimens most commonly used by different work-
ing groups in the scope of concurrent chemoradiotherapy are:

- Cisplatin/etoposide
- Cisplatin/vinorelbine
- Cisplatin/paclitaxel
- Cisplatin/gemcitabine

If cisplatin is contraindicated, carboplatin can be used, but studies on the use
of carboplatin in chemoradiotherapy are scarce. The CALGB phase II random-
ized clinical trial (CALGB 9431) compared the efficacy and toxicity of the drug
combinations cisplatin/vinorelbine, cisplatin/gemcitabine and cisplatin/paclitaxel
[9], but these regimens were administered in the scope of induction chemotherapy
followed by concurrent chemoradiotherapy. The investigators found no significant
differences between the groups in terms of the efficacy of treatment, as determined
based on the rates of remission, median survival, and 1-year survival. It must be
noted that no P values were provided because this was a phase II trial. However,
concurrent chemoradiotherapy resulted in considerable differences in the rates of
toxicity. The rates of neutropenia and thrombopenia were lowest in the cisplatin/
vinorelbine group. The highest rates of grade 3-4 toxicity were observed in the
cisplatin/gemcitabine group, with figures ranging from 51% for neutropenia, 51%
for esophagitis, and 56% for thrombocytopenia. Again, no definitive conclusions
are possible because of the lack of P values.

Our group at the University of Rostock can confirm the comparatively good
experiences with the combination of cisplatin/carboplatin and vinorelbine (fig. 3).
We treated 94 patients with this combination from 1998 to 2007 [10, 11]. The rates
of the grade 3-4 toxicity were 25.3% for thrombocytopenia, 48.9% for neutropenia,
and 13.2% for esophagitis. The median survival rate of 13 months in our patients
was similar to the rates reported in other publications (fig. 4). The 5-year survival
rate of 7.6% was the first occurrence of long-term survival, which is particularly
remarkable considering that, based on the historical data, no patients survive five
years after radiotherapy alone (fig. 1).

Findings from the first phase I/II studies on novel cytostatic drugs are now
available, e.g. on the novel antifolate permetrexed [12-15] and the monoclonal
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Fig. 3. Treatment schedule of concurrent chemoradiotherapy with cisplatin/carboplatin and
vinorelbin [10, 11].

antibody cetuximab [15, 16]. Combination of cisplatin/carboplatin with perme-
trexed resulted in grade 3-4 neutropenia rates of 21-35%; feasibility rates ranged
from 72 to 90%. Cetuximab was studied in combination with carboplatin/perme-
trexed (CALGB 30407) and carboplatin/paclitaxel (RTOG 0324). The grade 3-4
toxicity rates for these combinations also ranged between 20 and 34%; the RTOG
study reported a median survival time of about 23 months. As far as can be deter-
mined at this time, these regimens seem to be feasible, but no clear advantages can
be discerned at first glance.

The administration of additional chemotherapy before or after concurrent
chemoradiotherapy has not resulted in any significant improvement of survival
in the randomized clinical trials performed so far. In the two randomized clinical
trials on the usefulness of performing induction chemotherapy before concurrent
chemoradiotherapy [17, 18], induction chemotherapy did not result in any signifi-
cant difference in median survival (median survival: 12 vs. 14 months in Vokes et
al. [17] and 18 vs. 12 months in Kim et al. [18]). Furthermore, there was no sig-
nificant difference in the 2-year survival rates (29 vs. 31% in Vokes et al. [17] and
43 vs. 25% in Kim et al. [18]). In fact, the study by Kim et al. [18] detected a sig-
nificant reduction of progression-free survival in the patients receiving additional
induction chemotherapy (median progression-free survival following concur-
rent chemoradiotherapy with and without induction chemotherapy; 7.5 vs. 11.6
months; p = 0.04). Vokes et al. [17] concluded that the administration of addi-
tional induction chemotherapy prior to concurrent chemoradiotherapy increases
the rates of grade 4 toxicities significantly, from 24 to 41% (p = 0.001).

The preliminary results on consolidation chemotherapy after completion
of chemoradiotherapy are also disappointing. The retrospective analysis of the
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Fig. 4. Survival following concurrent chemoradiotherapy of inoperable advanced NSCLC with-
out distant metastases (n = 94). Data from the Radiation Department of Rostock; chemoradio-
therapy between 01.01.1998 and 31.12.2007.

Southwest Oncology Group (SWOG) study 9504 [19] initially indicated that con-
solidation chemotherapy with docetaxel after definitive chemoradiotherapy sig-
nificantly improved 3-year survival (26 vs. 37%), but the randomized data from
the Hoosier Oncology Group study HOG LUN 01-24 [20] later showed that there
was no significant improvement of either median survival (22 vs. 24 months) or
3-year survival (26.1 vs. 24.2%). Another especially critical point is that 5.5% of
patients died on consolidation docetaxel. The administration of maintenance
gefitinib after concurrent chemoradiotherapy also did not improve the survival
of patients with stage III inoperable NSCLC [21]. In fact, the median survival
of patients receiving gefitinib after concurrent chemoradiotherapy was only 23
months compared to 35 months in patients receiving concurrent chemoradio-
therapy alone (p = 0.013). This difference cannot be explained by higher rates of
toxicity in the gefitinib arm.

Based on the current state of knowledge, concurrent chemoradiotherapy can
be classified as the current standard of care in patients with inoperable stage III
non-small cell lung cancer. The administration of additional chemotherapy before
or after chemoradiation does not improve survival. The reader is referred to the
German Intergroup Lung Cancer Trial (GILT-1 study), which also analyzed the
available data on additional chemotherapy after completion of definitive chemo-
radiation in this context.
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How Do Comorbidities Influence the Performance of Concurrent
Chemoradiotherapy?

Several limitations make it difficult to translate the findings of randomized clinical
trials into general treatment recommendations. For example, the patients included
in the randomized clinical trials described above had a median age of 59 years,
whereas that of the general population of patients with stage III inoperable non-
small cell lung cancer is 67 years (table 4). Furthermore, the inclusion and exclu-
sion criteria of the randomized clinical trials generally ensure that patients with
significant comorbidities are not included in the studies. A Dutch research group
showed that only 59% of all patients with stage IIT non-small cell or small cell lung
cancer met the inclusion criteria for concurrent chemoradiation [22]. A statistical
analysis by our group of the data at the University of Rostock showed that about
one-third of these patients have significant comorbidities. Ten to twenty percent
of the patients have renal failure and secondary cancer, and the percentage with a
left ventricular ejection fraction of less than 50% of the age-related normal value is
at least twice as high as that in the normal population [23].

Our research group has studied the potential effects of age and dysfunction of
various organ systems on the toxicity and feasibility of concurrent chemoradio-
therapy using a platinum derivative and vinorelbine in 66 patients with inoperable
lung cancer to date [24]. Compared to the younger patients, patients over 70 years
of age have significantly higher rates of WHO grade 3-4 leukopenia (33 vs. 58%)
and thrombopenia (17 vs. 46%) at the same dose intensities of radiochemother-
apy (table 5). Many investigators assume that old age (>70 years) alone implies an
inability to tolerate chemoradiation; consequently, these patients receive concur-
rent chemoradiotherapy less often than other cancer patients, even though age was
not identified as an independent factor for survival in multivariate analyses [25].
Schild et al. [26] showed that patients aged 70 years and older achieve comparable
median survival rates after concurrent radiation and chemotherapy with etopo-
side and cisplatin versus hyperfractionated radiation therapy. This is in agreement
with Atagi et al. [27], who found that concurrent radiation and daily low-dose
carboplatin could be successfully administered to over-75-year-olds, with the pre-
dominant dose-limiting factor being hematologic toxicity. In contrast, the multi-
variate analysis of the randomized trial by Vokes et al. [17] showed that age was
an independent prognostic factor. However, considering that the hazard ratio was
1.02, the survival rate in the older patient population was only 2% worse than that
of younger patients. Thus, age has very little effect on the prognosis.

Further analysis showed that the effect of cardiopulmonary factors on prog-
nosis is at least as great as that of the tumor stage itself. Survival of patients
with an ejection fraction below 50% or significantly reduced lung function
was significantly worse than that of those with good heart or lung function.
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Table 4. Comparison of the median age of patients with NSCLC recruited in clinical phase lll trial
and in the general population of different regions

Median age, years

Trials

Furuse et al. [2], 1999 63-64
Zatlaukal et al. [5], 2004 61-62
Fournel et al. [4], 2005 56-57
General population

Rostock [pers. commun.] 68
Australia [32], 2006 68

Reduced left ventricular ejection fraction (LVEF <50%; p = 0.043; HR 1.74),
decreased lung function (p = 0.001; HR: 1.70/5.05), and tumor stage (p = 0.026;
HR: 1.3) were identified as independent prognostic factors in multivariate anal-
yses [23]. The median survival time of patients with normal age-related lung
function was twice as long (16 months) as that of patients in whom lung func-
tion was impaired (p = 0.001) [23]. The median survival times of 8—10 months
in the group with unfavorable prognostic factors are essentially identical with
those obtained with radiotherapy alone (fig. 1). A priori, one must consider
that patients with reduced heart and lung function have a worse prognosis. A
LVEEF of less than 50% following myocardial infarction is an unfavorable prog-
nostic factor in non-cancer patients. Six-month mortality rates of 16% have
been observed in patients with a recurrent cardiac decompensation [28]. With a
slightly lower mortality, this applies in the scope of chronic obstructive pulmo-
nary disease too [29].

Using common rating scales, such as the Cumulative Illness Rating Scale for
Geriatrics (CIRSG), investigators demonstrated that concurrent chemoradiother-
apy resulted in a worse survival more than radiotherapy alone in patients with
high CIRSG scores [30]. Other scoring systems, such as the Charlson Index, did
not show any reproducible correlation [25].

Our data suggest that concurrent chemoradiotherapy is feasible, even in patients
with reduced general health and comorbidities. However, the long-term prognosis
of these patients is influenced by common comorbidities, especially cardiac and
pulmonary dysfunction, in addition to the known tumor-related factors. This was
confirmed by the results of a Spanish research group, which found that, in high-
risk patients, concurrent chemoradiotherapy (60 Gy plus carboplatin/vinorelbine)
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Table 5. Acute toxicity of patients with NSCLC treated with concurrent chemoradiotherapy in

different age groups

Age 18-59 years Age 60-69 years Age 70-77 years
Leukopenia 3 and 4 36 43 51
Thrombocytopenia 3 and 4 8 29 31
Transfusions needed 30 37 50
Esophagitis 3 and 4 15 20 17
Infection 3 and 4 36 29 23

Data (%) from the Radiation Department of Rostock; chemoradiotherapy between 01.01.1998
and 31.12.2007 with cisplatin/carboplatin and vinorelbin [10, 11] (courtesy of Sabine Semrau).

is more feasible than sequential chemoradiotherapy and results in higher remis-
sion rates than sequential chemoradiotherapy [31].

Our review of the data indicates that comorbidity and old age are not exclusion
criteria for concurrent chemoradiotherapy per se. However, these patients require
more intensive supportive care. Presumably, the prognosis of these patients is also
influenced by the comorbidities as well as the classical prognostic factors.
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Adjuvant Therapy in Early-Stage Non-Small
Cell Lung Cancer
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Abstract

Evidence clearly supports adjuvant chemotherapy following resection in patients with stage Il or
Il non-small cell lung cancer (NSCLC). Based on 3 landmark studies, adjuvant chemotherapy has
become standard in completely resected NSCLC stage Il and IIlA. Survival benefit from adjuvant
chemotherapy is estimated to be between 3% and 15%, depending on stage. Treatment should
include 4 cycles of platinum-based combination chemotherapy. There is uncertainty about che-
motherapy prescription in those patients with resected stage IB NSCLC, as the risk of recurrence
is lower in early NSCLC and the magnitude of benefit of adjuvant therapy is proportional to the
risk of relapse according to stage. Postoperative radiotherapy (PORT) should not be used for
stage | or I NSCLC, and remains controversial in resected stage llIA (N2) disease. All positive adju-
vant trials have utilized a cisplatin-based regimen, usually in combination with vinorelbine, and
this should be considered the standard approach. Prognostic factors to select patients who will
benefit from adjuvant therapy in general or from platinum-based chemotherapy are under dis-
cussion, but not yet established. In future we hope to optimize treatment convenience for the
patients by using other combinations with the hope of better efficacy results. Work is currently
under way to identify prognostic factors which in future may help to identify patients who are
most likely to benefit from chemotherapy. Copyright © 2010 S. Karger AG, Basel

Treatment of choice for early non-small cell lung cancer (NSCLC) is surgical
resection, however only 50% of all patients will be cured. The survival rates range
from 67% for stage IA disease (T1 NO) to 23% for stage IIIA patients (T1-3N2).
Relapse may occur local (in about 30%) or, more often at distant sites, indicating
that NSCLC may be a systemic disease [1]. One of the most significant advances in
the treatment of lung cancer has been the identification of benefit associated with
the use of adjuvant chemotherapy in completely resected early stage disease.

A meta-analysis in 1995 [2] suggested that adjuvant chemotherapy could
yield an overall survival advantage of 5% at 5 years and this caused several



Table 1. Landmark studies adjuvant

Trial Chemotherapy Number of % 5-year Hazard ratio  Radiotherapy
patients survival (all stages)

IALT [6], cisplatin + etoposide 1,867 40vs.44.5 0.86* +

2004 orvinca

JBR.10[7], cisplatin + vinorelbine 482 54 vs. 69 0.69* -

2005

ANITA[8], cisplatin + vinorelbine 840 43 vs. 51 0.80* +

2006

* Significant.

large randomized studies on adjuvant chemotherapy with results in the years
2003-2006.

Concomitant adjuvant chemoradiotherapy failed to improve the results [3] and
the PORT meta-analysis 1998, updated 2005 [4, 5], indicated a deleterious effect
of postoperative radiotherapy on long-term survival in stage I and II patients and
a small positive effect in NSCLC IIIA N2-patients.

Landmark Studies Concerning Adjuvant Platinum-Based Chemotherapy

Three landmark studies (see table 1), published between 2003 and 2005, estab-
lished the role of adjuvant platinum-based chemotherapy: the IALT [6], JBR.10 [7]
and the ANITA studies [8].

In 2003, the IALT trial [6], the first large positive adjuvant NSCLC trial, was pre-
sented. Nearly 2,000 patients with resected stage I-IIIA NSCLC were randomized to
observation or to 4 cycles of adjuvant cisplatin-based doublet chemotherapy (with
the free choice of vindesine, vinblastine, vinorelbine, or etoposide as the second
drug). The 5-year overall survival improved (44.5 vs. 40.4%) with a survival hazard
ratio (HR) of 0.86 (p = 0.03) in favor of chemotherapy. However, an IALT update
2008 found no survival benefit at 7 years with an updated survival HR of 0.91.
Patients with adjuvant therapy had fewer local recurrences and fewer distant metas-
tases but had a higher non-lung cancer death rate (3 and 4% compared to 1 and 5%).
Radiotherapy was optional according to pN status and given after chemotherapy.

The National Cancer Institute of Canada (NCIC) with the JBR.10 [7] trial
included only stage IB and II patients and was positive again with a 15% 5-year
survival advantage in the adjuvant therapy group (69% compared with 54%, p =
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0.04, HR 0.69). Patients were randomized between observation or 4 cycles of cis-
platin (50 mg/m?* days 1 and 8, every 4 weeks) and vinorelbine (25 mg/m? weekly
for 16 weeks). Radiotherapy was not allowed.

The ANITA [8] (Adjuvant Navelbine International Trialist’s Association) trial,
published 2005 was the third positive study. 840 patients were included with stage
L, IT and ITITA NSCLC and half of them were treated with 4 cycles cisplatin (100 mg/
m? on day 1 every 4 weeks) and vinorelbine (30 mg/m? per week). This study
demonstrated an 8.6% 5-year overall survival benefit (51% compared with 43%,
survival HR: 0.80, p = 0.017). This survival advantage did not diminish over time
and was 8.4% at 7 years of follow-up.

IALT, JBR.10 and ANITA established the role of routine adjuvant treatment in
early NSCLC.

Negative Studies

The Cancer and Leukaemia Group B (CALGB) 9633 [9] study was negative.
Exclusively stage IB patients were enrolled and the carboplatin/paclitaxel regi-
men was used. Though chemotherapy was well tolerated, the study failed to reach
statistical significance for survival benefit with a survival HR of 0.80 (p = 0.10),
despite a highly positive result at an interim analysis in 2004. A subgroup analysis
in patients with larger tumors (4 cm or larger in size) showed a statistically signifi-
cant survival benefit with the addition of adjuvant chemotherapy.

This study, combined with the result of the meta-analysis of the cisplatin-based
trials, argues against the use of a carboplatin-based combination and against adju-
vant chemotherapy in general in stage IB patients.

The ALPI trial [10] included 1,088 stage I-IIIA patients treated with 3 cycles MVP
(mitomycin, vindesine, cisplatin) and showed a nonsignificant survival improve-
ment under chemotherapy. The Big Lung Trial [11] investigated a subgroup of 307
stage I-III patients under 3 cycles platinum-based chemotherapy and showed a non-
significant survival improvement under chemotherapy and optional radiotherapy.

The LACE (Lung Adjuvant Cisplatin Evaluation) Meta-Analysis (table 2)

Survival

In 2006, the LACE meta-analysis [12] evaluated the results of 5 adjuvant studies
(IALT, JBR.10, ANITA, ALPI and Big Lung Trial) including 4,510 patients and
confirmed the positive results with an 5.4% 5-year overall survival improvement
(from 43.5 to 48.8%). The survival benefit was statistically significant (HR: 0.89)
with an 11% reduction in the risk of death. Furthermore, the disease-free survival
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improved for 5, 8% at 3 and 5 years, respectively. Only patients in performance
status 2 did not benefit from adjuvant chemotherapy.

Toxicity

Treatment-related deaths were rare but may be considered. In the LACE meta-
analysis 19 chemotherapy-related deaths (0.9%) were reported and one third of
adjuvant- treated patients experienced grade 3/4 toxicities with neutropenia being
most frequent (9% grade III, 28% grade IV). The rate of overall grade IV toxic-
ity was 32%. A small excess of deaths not related to lung cancer was seen in the
treatment group with cardiovascular and pulmonary deaths, possibly related to
the detrimental cardiovascular effect of cisplatin.

Compliance to Therapy

59% of all patients received at least 240 mg of cisplatin, 14% received only one
chemotherapy cycle and 10% received only two cycles. In comparison, the effect of
cisplatin plus vinorelbine was marginally better than the effect of other drug com-
binations. Comparing two doses levels of cisplatin (<300 or >300 mg/m?), a trend
in favor of higher dose was seen.

Postoperative Radiotherapy (PORT)

The effect of chemotherapy in the LACE meta-analysis was independent of the use
of postoperative radiotherapy (PORT). Most of the patients, who received postop-
erative radiotherapy had stage IIT (N2) tumors.

Stages

Benefit varied considerably by stage of disease, with potential harm seen in
patients with stage IA NSCLC, a trend towards benefit in stage IB patients and
clear benefit in patients with stage IT and IIIA NSCLC (HR 0.83; for patients with
nodal involvement). This result supports the use of adjuvant chemotherapy for
patients with resected stage II and IIIA NSCLC but leaves questions about therapy
for those with stage I disease.

Adjuvant Chemotherapy and Stage (table 3)

- Stage IA: Adjuvant chemotherapy is not recommended in completely resected
stage IA NSCLC patients. Studies included only a minority of patients in stage
IA and survival analysis indicated that the prognosis of those patients did not
improve with adjuvant chemotherapy.

— Stage IB: LACE showed a nonsignificant 3% improvement in stage IB (5-year
survival improved from 64 to 67%). The IALT stage IB subgroup did not ben-
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Table 2. LACE meta-analysis

Study Result Hazard ratio
ALPI[10], 2003 negative 0.95

ANITA [8], 2006 positive 0.82

BLT [11], 2004 negative 1.0

IALT [6], 2004 positive 0.91

JBR.10 [7], 2005 positive 0.71

Hazard ratio total: 0.89.
5-year overall survival: 43.5% (observation) vs. 48.8% (chemotherapy) = 5.3%.

Table 3. Adjuvant therapy: stages

Trial Stage IA Stage IB Stage Il Stage IlIA
ALPI[10], 2003 negative negative negative negative
IALT [6], 2004 negative negative negative positive
JBR.10 [7], 2005 not tested negative positive not tested
CALGB [9], 2008 not tested positive ? not tested not tested
ANITA [8], 2006 not tested negative positive positive

efit from chemotherapy and the JBR.10 study was only positive for stage II, not
for IB patients (with the exception of IB tumors, larger than 4 cm in diameter).
Subset analysis of the ANITA trial demonstrated that significant improvement
in survival was restricted to stage II and IIIA patients and no benefit was
observed in stage IB disease.

- Conclusion: Adjuvant chemotherapy is not recommended for routine use in IB
patients.

- Stage II: Adjuvant cisplatin-based chemotherapy improves the overall survival
in completely resected stage Il NSCLC for 17% with a hazard ration of 0.83. All
studies in stage II patients were clearly positive. Most patients (NCIC, ANITA,
and TALT) were treated with a cisplatin/vinorelbine combination for 4 cycles.

- Stage IIIA: Adjuvant chemotherapy improved survival in stage IITA completely
resected patients, as shown in the IALT and ANITA trial. In the ANITA trial
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(cisplatin/vinorelbine) the hazard ratio was 0.69 and in the IALT trial (n = 728,
cisplatin and any combination partner, including second-generation NSCLC
regimens) the hazard ratio was 0.79.

Which Chemotherapy Combination?

Most studies used a cisplatin-based combination. The only study using a carbo-
platin-based combination (carboplatin/paclitaxel) (9 CALB) in stage IB patients
was negative. Data do not support the routine use of carboplatin in the adjuvant
setting. Most patients were treated with cisplatin/vinorelbine, in conclusion cis-
platin/vinorelbine is the best tested combination in adjuvant chemotherapy.

Adjuvant Radiotherapy

The PORT meta-analysis [4, 5] demonstrated adverse effects of postoperative
radiotherapy in stage I and II patients on survival (HR: 1.21), mostly due to long-
term detrimental effects on pulmonary and cardiac function. Of note is that
radiotherapy techniques used in the PORT studies are considered suboptimal
today.

In stage IITA patients, the role of postoperative radiotherapy is controversial.
Modern radiotherapy may reduce local recurrences and hopefully improves sur-
vival, but at the moment no modern prospective trials support this hypothesis.
A large retrospective analysis of SEER data indicates superior survival rates for
N2 patients under postoperative radiotherapy [13]. Simultaneous postoperative
chemo- and radiotherapy in stage II and III was not superior to postoperative
radiotherapy alone [3]. Survival did not differ between the two randomized treat-
ment groups and even a trend towards better survival was seen in the only radio-
therapy group (median survival 39 months only radiotherapy versus 38 months
combination group with radiotherapy and 3 cycles cisplatin/etoposide). An
unplanned analysis of the influence of postoperative radiotherapy in the ANITA
study demonstrated a survival benefit under sequential chemo- and radiotherapy
in a small subgroup of N2 patients [8].

Patient Selection and Predictive or Prognostic Factors
Age

Patients in the LACE meta-analysis [14] were divided into three age groups:
3,269 young (71%; <65 years), 901 mid-category (20%; 65-69 years), and 414
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elderly patients (9%; >70 years) to study the effect of chemotherapy on sur-
vival according to age. More elderly patients died from non-lung cancer-related
causes (12% young, 19% mid-category, 22% elderly; p < 0.0001). The analysis
demonstrated that elderly patients who met the eligibility criteria for trial enrol-
ment had a survival benefit from chemotherapy that was similar to that of their
younger counterparts. These findings are consistent with those of the elderly
analysis of JBR.10, which did not find any significant difference in survival ben-
efit for patients older than 65 years of age [15]. Adjuvant cisplatin-based chemo-
therapy should not be withheld from elderly patients with NSCLC purely on the
basis of age.

Performance Score 2

The LACE meta-analysis showed a significant interaction between chemotherapy
effect and stage and performance score. Chemotherapy effect increased with bet-
ter performance score and higher stage and may be detrimental in performance
score 2.

ERCCI (Excision Repair Cross-Complementation Group 1)

A retrospective analysis based on tumor specimens from patients included in the
IALT trial indicated a better survival in patients with ERCCl-negative tumors
and cisplatin treatment, indicating that ERCC1 analysis may be predictive for the
response to cisplatin-based adjuvant chemotherapy [16]. Expression of RRM1, a
regulatory subunit of ribonucleotide reductase, appears to be a good predictor for
response to gemcitabine [17]. Future studies will investigate tumor expression of
ERCC1 and RRM1 and will use these levels to assign patients to adjuvant therapy.
Genomic tumor analysis is under investigation. Analysing tumor samples using the
‘lung metagene’ [18] protocol using the ‘lung metagene score’ has been shown to be
a prognostic factor.

Other Biomarker Studies

No biomarker has been fully validated as a method to identify subgroups of
patients. Published adjuvant trials have failed to show thatbiomarkers such as p53
mutations, p53 protein expression, and KRAS mutations have any prognostic or
predictive value [19]. Class III beta-tubulin expression is under investigation as
well as p27Kip1 expression.

Future studies will investigate the role of antivascular agents as bevacizumab
and of ‘small molecules’ tyrosine kinase inhibitors in the adjuvant treatment (e.g.
the RADIANT study). An ongoing study examines a vaccine to MAGE-A3, a
tumor antigen found in up to 50% of early-stage NSCLC.
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Neoadjuvant Chemotherapy

The use of preoperative (neoadjuvant) chemotherapy is under investigation.
Recently, a meta-analysis of nearly 500 patients found a survival HR of 0.82 (95%
CI 0.69-0.97), which is very close to the HR seen in the LACE meta-analysis of
adjuvant therapy [20]. Until results of ongoing studies are known, adjuvant ther-
apy will remain the standard. The NATCH trial, presented at ASCO and WCLC
2009, showed that preoperative chemotherapy had a nonsignificant trend towards
improved 5-year DFS when compared to surgery alone.

Conclusion

The recommendation of 4 cycles of adjuvant platinum-based combination che-
motherapy in patients with fully resected stage II and IIIA NSCLC is generally
established. For example, the current ESMO clinical recommendation (2008)
[22] is: ‘Cisplatin-based adjuvant combination chemotherapy is recommended
in stage II and IIIA [I, A], and can be considered in selected stage IB patients (T
>4 cm).

There is uncertainty about its prescription in those with resected stage IB
NSCLC. The magnitude of benefit of adjuvant therapy is proportional and depen-
dent on the risk of relapse according to stage. However, those high-risk factors
that might support selection for adjuvant chemotherapy have not been defined
with certainty.

The magnitude of survival benefit from adjuvant therapy based on the LACE
meta-analysis therapy is estimated to be between 3% and 15%, depending on stage.
The LACE analysis clearly confirms the benefits of adjuvant cisplatin-based che-
motherapy in resected NSCLC patients in stage II and IIIA and further supports
its use in routine clinical practice.

Both the National Comprehensive Cancer Network and the American Society
of Clinical Oncology [21] recommend a cisplatin-based doublet as adjuvant ther-
apy for patients with resected stage II and IIIA NSCLC; the role of adjuvant ther-
apy for stage IB disease remains unknown. 15-20 patients must be treated for 1
patient to benefit.

PORT should not be used for stage I or II NSCLC, and it remains highly con-
troversial in resected stage IIIA (N2) disease.

All of the positive adjuvant trials have utilized a cisplatin-based regimen, usu-
ally in combination with vinorelbine, and this should be considered the standard
approach. Substitution with other platinum doublets can be considered, but cis-
platin may be slightly superior to carboplatin and should remain the platinum
drug of choice.
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In future, it should be one of the treatment goals to optimize treatment conve-
nience for the patients by using other combinations, with the hope of better efti-
cacy results because of better patient’s adherence to chemotherapy.
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Abstract
Adjuvant radiotherapy following radical surgery in NSCLC has long been a matter of debate. The
pros and cons have all been discussed thoroughly and the data existing due to their partial out-
dated nature in respect of the diagnostic and therapeutic maneuvers used make it difficult to
rely on them. Based on the existing level of evidence from randomized studies, the decision to
irradiate a NSCLC patient postoperatively does not seem to be prudent, as several meta-analy-
ses in fact have rather shown a detrimental effect than any benefit. As the majority of the ran-
domized trials that are the bases of the meta-analyses are neither of good quality nor include
those patients that are nowadays regarded as those for whom adjuvant irradiation should be
discussed, other sources of information are of relevance. Subanalyses of randomized phase IlI
trials and recently published SEER data are indicative that there is a benefit from adjuvant irra-
diation not only in terms of freedom from local failure but of overall survival as well. Notably,
this is not at the expense of unacceptably high rates of long-term side effects.

Copyright © 2010 S. Karger AG, Basel

Radiotherapy as an adjunct to surgery after potentially curative resection of non-
small cell lung cancer (NSCLC) has since long been discussed as being controver-
sial. The main argument in the debate is the uncontradicted ability of postoperative
radiotherapy to reduce the probability of a recurrent intrathoracic tumor, which
besides being lethal in many cases may also be a source of considerable morbidity
and certainly has a tremendous impact on the quality of life in the remaining time
span especially if not accompanied by distant metastasis.

On the other hand, side effects of radiotherapy can have a negative effect on
several outcome parameters and due to potential worsening of pulmonary and



cardiac functioning even be lethal. Given the high rates of metastasis, especially in
locally advanced stages of NSCLC, the potential impact of adjuvant irradiation on
survival by reducing the risk of locoregionally recurrent disease can only be mar-
ginal. From this point of view, a strategy of delayed palliative radiotherapy only for
those patients who are symptomatic for intrathoracic tumor recurrence would be
an acceptable option.

On the basis of the published meta-analysis of phase III trials on postopera-
tive irradiation in NSCLC, early termination of this article would be possible, as
the plain language summary of the latest version of the PORT-MATG [1] seems
to leave no room for further debate: ‘Radiotherapy given after surgery increases
the risk of death for patients with early stage completely resected non-small cell
lung cancer’ due to an 18% increase of the relative risk of death for the irradiated
patients [1].

Evidence-based medicine - nowadays sometimes regarded the utmost scien-
tific recognition that obviates any further need to scrutinize the underlying data
- cannot improve the quality of the original data nor the trial design. Although 10
randomized trials including 2,232 patients at first glance seem to be a robust basis
for such a meta-analysis, the majority of the trials are very outdated and given
the incidence of lung cancer worldwide the paucity of data from recently treated
patients is astonishing [2-12]. In 1966, when the first studies started, staging and
therapy were obviously dramatically different as neither computed tomography
nor modern radiotherapy facilities existed and even since termination of the trial
that ended patient accrual as the last one in 1997, huge developments in diagnostic
and therapeutic maneuvers such as PET-CT and endoscopic ultrasound-guided
fine-needle aspiration have taken place and have in part been validated [13-15].

This is not the only detail that makes it difficult to rely on the results. From
today’s point of view, adjuvant irradiation should be limited to patients with stage
ITIA N2 disease or to the rare situation of stage IIIB N3 disease that was not real-
ized preoperatively; on the other hand, the benefit of resection over concurrent
chemoradiation in N2 disease is nowadays under debate. Single doses of 1.8-2.0
Gy and total doses of 50 Gy in the absence of residual disease are recommended
[16]. If these criteria are applied, none of the 10 phase III studies would be regarded
as state of the art, limiting any conclusions that can be drawn from them [2-12].
Even if less stringent criteria would be applied, only two of the studies, where stage
IT and III patients were treated with single and total doses in the range cited above,
would seem acceptable [4, 9].

Limiting the meta-analysis to patients treated for stage III or N2 disease com-
pletely abandoned the negative effect of radiotherapy, although none of the criti-
cisms on inadequate technique or dosing are resolved by that limitation. In these
patients the meta-analysis showed a nonsignificant relative survival advantage of
3-4% [1].
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We have to admit that inadequate irradiation, be it by outdated technique,
obsolete single or total doses or improper patient selection, therefore has a proven
detrimental effect on survival. Whether this still holds true for patients treated
more recently and with adequate therapeutic regimens is of considerable interest.
Two studies examined these issues by looking at DID data (dead of intercurrent
disease) in comparison to a population adopted for age, sex and smoking habits,
and both did not find a significant difference [17, 18]. Interestingly, the study by
Machtay et al. [17] showed a strong negative effect of total doses above 54 Gy on
the DID rate.

The potential survival benefit by an additive local therapy is not easy to detect
and it is probably not unrelated to the benefits of systemic therapy. In breast can-
cer, for example, it took some 42,000 patients and 78 randomized phase III tri-
als to elucidate the relationship of improved locoregional control and a survival
benefit that became detectable later on [19]. As a benefit of a local therapy will
only be detectable and of clinical relevance quo ad vitam, it is not unlikely that the
now widespread use of adjuvant chemotherapy in NSCLC patients enhances the
chance of a survival benefit by achieving a higher probability of local control due
to adjuvant irradiation [20-22].

The analysis of the ANITA trial on adjuvant chemotherapy showed some hints
of such an interaction, as in the initial publication of that study the results seemed
to favor adjuvant irradiation added to adjuvant chemotherapy in NSCLC patients
with N2 disease [23]. Additional information provided recently on that study
makes these clues more likely to be artifacts and caused by chance, as the huge
differences detected in different subgroups are unlikely to be attributable to the
respective therapeutic interventions [24].

In the absence of other data with validity generated recently, the SEER analy-
sis on the outcome of 7,465 stage II and IIIA NSCLC patients may be regarded a
rather strong argument for adjuvant irradiation as in the subgroup of 1,987 N2
disease patients the use of adjuvant irradiation was associated with an improved
survival hazard ratio of 0.85, i.e. a solid 15% benefit in overall survival. Given the
retrospective nature of these data, it is not unlikely that the decision to adminis-
ter irradiation in the presence of conflicting data on the general benefit of adju-
vant irradiation was based on negative selection criteria in the patients treated and
hence the real benefit of radiotherapy may even be greater [25]. Hopefully, the
planned EORTC protocol 22055-08053 on adjuvant irradiation in resected N2
NSCLC will be able to solve many of the problems discussed above and will pres-
ent a realistic view of the status of postoperative radiotherapy.

The target for adjuvant radiotherapy is a topic that has to be assessed sepa-
rately. The benefit of local control is achieved by the eradication of microscopic or
low volume macroscopic disease in the mediastinum. The likelihood of residual
disease after surgery is probably not unrelated to the ability to detect metastatic
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spread preoperatively. PET-CT, EUS-FNA and innovative surgical techniques as
VAMLA might therefore have the potential to reduce residual tumor burden and
by doing so reduce the probability that the addition of radiotherapy may be ben-
eficial [26-28]. The relatively low rates of elective nodal failure in involved-field
radiation therapy in NSCLC point in the same direction, thus increasing the need
for data generated in the third millennium [29].
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Abstract
Hyperfractionation and hypofractionation combined with acceleration have been investigated
in stage I-1ll NSCLC patients. In stage | tumors, hypofractionated radiation schedules given with
highly conformal stereotactic body radiotherapy (SBRT) techniques have been proven safe and
effective with local control rates >85% and meanwhile have been accepted as the standard treat-
ment in stage | patients who are medically unfit for surgery or who refuse resection. When com-
paring the dose-effect relationship derived from local control data of various clinical studies
using conventional fractionation (CF) with that obtained from SBRT trials using doses per frac-
tion from 7.5 to 30 Gy based on the linear quadratic model without parameters considering
repopulation or hypoxia, the a/f ratio for biological equivalent doses with the different fraction-
ation schedules was found to be 8.2 (7.0-9.4) Gy for stage | NSCLC. From this, it can be concluded
that using an a/f value of 10 Gy for tumors is conservative, underestimating the BED of SBRT
schedules relative to CF schedules with regard to tumor control. If repopulation is the dominant
resistance-promoting factor for CF schedules and hypoxia for hypofractionated SBRT schedules,
and the true o/ value of tumors is assumed to be 10 Gy, then the observed a/f3 value of 8.2 Gy
can imply that the effect of repopulation during CF is higher than the effect of hypoxia during
SBRT. Patients with locally advanced NSCLC in whom contraindications preclude the use of con-
current chemotherapy with CF radiotherapy may be treated outside clinical trials with CHART.
Combinations of hyperfractionated-accelerated RT schedules with concurrent platinum-based
chemotherapy have been proven safe and effective in stage Il NSCLC patients.

Copyright © 2010 S. Karger AG, Basel

External-beam radiotherapy in conventional fractionation (CF; 2 Gy/fraction,
5 daily fractions per week) up to total doses of 60-74 Gy in combination with
concurrent platinum-based chemotherapy represents a standard treatment
option in stage III NSCLC [1]. Similarly, CF radiotherapy has been considered
standard for a long time in stage I patients who do not qualify for surgery [2].
Meanwhile, altered fractionation schedules have gained an accepted role in



radiation oncology concepts for stage I-III NSCLC which will be reviewed in
the following sections.

Hypofractionated Stereotactic Body Radiotherapy for NSCLC (Stage I)

Fractionation represents a method for improving the therapeutic ratio between
the effects of ionizing irradiation on tumor cells on the one hand and on normal
tissues on the other. Especially, when sensitive dose-limiting normal tissues are
included in the PTV or a considerable dose-volume exposure of sensitive organs
around the PTV exists, the often assumed lower fractionation sensitivity of tumor
cells offers the possibility to reduce normal tissue toxicity to a greater extent than
tumor control by fractionated irradiation in comparison with single-session
high-dose radiotherapy. However, the amount of normal tissue at risk might be
rather low, especially in peripheral stage I tumors. Furthermore, highly conformal
radiotherapy plans with multiple (usually >7) fields and additional maneuvers to
reduce tumor motion due to breathing (gating, tracking, breath hold) will produce
sufficiently steep dose gradients around the PTV. Consequently, the integral lung
dose will remain within tolerable limits and even the critical amount of normal
tissue receiving high doses per fraction (>2 Gy) when using a hypofractionated
treatment regime will remain low.

Several studies have shown mature results with regard to effectiveness and tol-
erability of SBRT with 1-8 fractions of 7.5-30 Gy in stage I NSCLC.

For the present analysis, we used the minimum dose values within the PTV for
comparison of the effectiveness of the different fractionation schedules given in
published SBRT studies. The results of these studies demonstrate that the PTV can
be treated with SBRT as a means of hypofractionated high-precision radiotherapy
with sufficiently high doses within normal tissue constraints achieving local con-
trol rates >85%. The group from Amsterdam has shown that the application of 8 x
7.5 Gy in stage I tumors adjacent to central structures (heart, hilum, mediastinum)
remain safe and effective with a local control rate >90% [3], whereas Timmerman
etal. [4] observed an increased (grade 3-5) toxicity following irradiation of perihi-
lar/centrally located tumors with 3 x 20 Gy. However, stage I tumors in peripheral
location have been treated effectively with 3 x 20 Gy (within 2 weeks) resulting in
local control rates >90% at 2 years with excellent acute and chronic toxicity pro-
files 3, 4].

In order to compare the dose-effect relation of hypofractionated SBRT in stage
I NSCLC with doses per fraction >7.5 Gy and total treatment times <14 days with
CF or hyperfractionated RT and total treatment times of 6-8 weeks, we analyzed
published SBRT series which included =25 patients with stage I tumors. Studies
were selected for this analysis when the amount of patients with T1 tumors was
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Fig. 1. Logistic dose-effect relation fitted to the data from clinical studies using hypofraction-
ated SBRT (@) [3-11, 28-33] or CF (A) schedules [14-20]. The curves for SBRT and CF schedules
were not significantly different using a/p values for BED calculation of 8.2 Gy (7.0-9.4).

similar to the amount of T2 tumors, accounting for 35-65% of the treated lesions.
Especially, phase I studies with dose-finding phases were included. A large variety
of doses per fraction and total doses were given within the selected SBRT series
[4-11]. Figure 1 shows the relation between local control rates and biologic effec-
tive doses (BED) of the different SBRT series. The dose response relation fitted
to the data was a logistic model assuming 0% tumor control at 0 Gy BED (SAS
statistical software: proc probit). The BED according to the linear-quadratic (LQ)
model depends on the dose per fraction dose d, the total dose D, and the fraction-
ation sensitivity of the tumor o/p: BED = D*(1+d/(a/B)). When repopulation or
hypoxia are not effective during RT, o/p represents a parameter for recovery from
the sublethal radiation damage. Some extensions of this model exist in order to
account for the influence of repopulation and reoxygenation [12, 13]. However, in
the present analysis, the basic version of the LQ model was chosen for the descrip-
tion of the SBRT data as it is common practice. Furthermore, the clinical data are
not sufficient to estimate multiple parameters of more complex models. In addi-
tion, figure 1 shows the local tumor control-BED data pairs from clinical series
using doses per fraction of <2.5 Gy, labeled as ‘CF’ schedules [14-20]. The a/f
value obtained was optimized so that SBRT and CF series follow the same BED-
response relation. The resulting o/P ratio was 8.2 (7.0-9.4) Gy. This value allows
calculation of an isoeffective CF schedule for a given SBRT schedule. Usually, an
a/P of 10 Gy has been assumed for tumors [3, 7]. The here obtained o/p ratio of 8.2
(7.0-9.4) Gy which is significantly lower, indicates that the assumption a/f = 10
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Fig. 2. Logistic dose-effect curves of the data from SBRT (@) [3-11, 28-33] and CF schedules (A)
[14-20] assuming an a/f value of 10 Gy for BED calculation. The BED needed to control 50% of
the tumors was 69 Gy (67-71) for SBRT schedules. The dose-response curve for CF schedules was
shifted to higher BED in comparison to SBRT schedules, the difference was 8.8 Gy (5.8-11.9).

Gy is conservative in that the efficacy of an SBRT in comparison to CF will be
underestimated.

Due to the increasing log-linear tumor cell kill beyond the shoulder and the
confounding effects of repopulation and hypoxia, deviations from the basic LQ
model might exist for schedules with doses per fraction >7.5 Gy. Since the avail-
able clinical data are not sufficient for a multiparameter estimation, the obtained
overall a/f value can be influenced by these confounding factors. For the SBRT
series hypoxia due to less reoxygenation between the limited number fractions
might be considered as the prevailing factor parameter modifying radiation
response of the tumors whereas repopulation might be considered the major fac-
tor for CF schedules. The obtained a/f of 8.2 (7.0-9.4) Gy underscores that SBRT
schedules might have higher efficacy than has been expected with the traditional
a/P value of 10 Gy without considering repopulation and hypoxia. The other way
round, it can be concluded that the influence of repopulation on the effect of CF
is larger than that of hypoxia on the effect of SBRT under the assumption that
the traditional a/p value of 10 Gy correctly describes the fractionation sensitiv-
ity of tumors over the range of doses per fractions used for stage I NSCLC in the
clinic.

Figure 2 shows the separate dose-effect relations of SBRT and CF schedules
under the assumption of a/p = 10 Gy. A statistically significant difference between
both curves exists, characterized by a BED difference of 8.8 Gy (5.8-11.9) which is
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less than the calculated BED difference of 15 Gy obtained from the CHART trial
for differences in repopulation between CHART and CF irradiation [12].

In summary, high BED can be applied by hypofractionated SBRT regimes within
normal tissue constraints so that local control rates >90% are achievable. Based on
the obtained dose-effect curves, a BED of >110 Gy is necessary assuming an o/
ratio of 8.2 Gy (fig. 1). An a/f ratio of 8.2 Gy was found to be the best o/p esti-
mate for the comparison of the different fractionation schemes for stage I NSCLC.
From the high tumor control rates after SBRT, it can be concluded that hypoxia is
of less importance for SBRT regimes than repopulation for CF schedules.

Hyperfractionated Accelerated Radiotherapy for Stage Ill NSCLC

Randomized trials were performed using pure hyperfractionation (i.e. smaller
doses per fraction than CF, same overall treatment time, 10-20% higher total dose
than CF [21]) or pure acceleration (i.e. same dose per fraction and total dose than
CE shorter overall treatment time [22]) in comparison to CF for patients with
inoperable NSCLC without distant metastases, most in stage III. Both of these tri-
als did not demonstrate a significant increase in effectiveness of these schedules
though their power to detect reasonable fractionation effects was low due to the
limited number of patients treated. Before simultaneous chemotherapy became
the standard in combination with definitive radiotherapy, the CHART (continu-
ous hyperfractionated accelerated radiotherapy) trial was conducted [23]. A dose
of 1.5 Gy per fraction, given three times a day at intervals of at least 6 h to a limited
target volume over 12 consecutive days up to a total dose of 54 Gy was found to
be more effective than CF up to 60 Gy. The majority of patients in the CHART
trial had stage III disease. CHART is a recognized trial in European guidelines and
can be given for patients with locally advanced disease not suited for surgery or
definitive radio-chemotherapy (NICE guideline [24]). Hyperfractionated acceler-
ated radiotherapy (HART) and concomitant chemotherapy has also been success-
fully combined with concurrent cisplatin-containing chemotherapy. Especially, a
schedule of 2 x 1.5 Gy per fraction with at least 6 h interval at 5 days per week to
total doses of 45 Gy has been employed. In limited-disease small-cell lung cancer,
Turrisi et al. [25] have shown a gain of HART of up to 45 Gy over CF to 45 Gy
given early together with 4 cycles of cisplatin/etoposide chemotherapy. The Essen
Group uses HART up to 45 Gy followed by CF up to a total dose of 71 Gy for
NSCLC in stage III in the running ESPATU trial with promising toxicity data [26].
However, the superiority of concurrent chemo-radiotherapy with hyperfraction-
ated accelerated schedules in comparison with conventional fractionation parallel
to chemotherapy has not yet been proven by randomized trials despite theoretical
advantages and documented safety [26, 27].
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Abstract
Patients with advanced NSCLC receive palliative chemotherapy with platinum-based doublets.
Cisplatin-based doublets are preferred in patients with good performance status, whereas
carboplatin-based protocols are preferred in patients with impaired organ functions (kidney,
heart). Customized chemotherapy appears promising but still remains experimental.
Improvements of the outcome of first-line chemotherapy have been achieved by the addition
of cetuximab in patients with EGFR-positive NSCLC and of bevacizumab in selected patients
with non-squamous cell NSCLC. The optimal combination of chemotherapy with targeted ther-
apies remains a challenge. Maintenance therapy and early second-line chemotherapy might
improve outcome but are not yet considered as standard treatments. Patients progressing after
first-line chemotherapy are treated with docetaxel, pemetrexed or erlotinib. Finally, the efficacy
of new anticancer treatments should be assessed by several clinical endpoints with overall sur-
vival remaining the most important endpoint in patients with advanced NSCLC.

Copyright © 2010 S. Karger AG, Basel

Palliative chemotherapy of advanced non-small cell lung cancer (NSCLC) is well
established. Chemo-naive patients are treated with up to 6 cycles of platinum-
based doublets containing third-generation anticancer drugs [1]. Chemotherapy
improves cancer-related symptoms and increases survival compared to best sup-
portive care alone. Patients progressing after first-line chemotherapy are currently
treated with either docetaxel, pemetrexed or erlotinib.

Open issues including controversies are the role of pemetrexed, the preferential
platin, the possibility of customized chemotherapy, the optimal integration of tar-
geted therapies, the impact of maintenance therapy, the optimal time for initiation
as well as the type of second-line therapy, and the most appropriate endpoint in
clinical trials.



Pemetrexed

Pemetrexed is a multitargeted antifolate and has been established as a second-
line therapy in patients with advanced NSCLC [2]. Cisplatin plus pemetrexed
was recently compared to cisplatin/gemcitabine in chemo-naive patients with
advanced NSCLC [3]. The primary goal to demonstrate noninferiority of cispla-
tin/pemetrexed compared to cisplatin/gemcitabine was achieved with a median
survival of 10.3 months in both arms. In a pre-planned subgroup analysis, how-
ever, cisplatin/pemetrexed was shown to be superior to cisplatin/gemcitabine in
patients with nonsquamous NSCLC with median survival times of 12.6 and 10.9
months, respectively. In patients with squamous cell carcinomas, survival was bet-
ter for cisplatin/gemcitabine than for cisplatin/pemetrexed (median 10.8 vs. 9.4
months). Thus, this is the first prospective trial to demonstrate the predictive value
of histology for the outcome of palliative chemotherapy in patients with advanced
NSCLC. Based on these findings, cisplatin plus pemetrexed is increasingly used as
a first-line treatment in patients with nonsquamous NSCLC. However, some doc-
tors are still reluctant to consider it as a standard option due to its high costs and
the fact that its superiority has been shown only in a subgroup analysis.

Cisplatin- vs. Carboplatin-Based Chemotherapy

The preferential platin, cisplatin or carboplatin, still remains a matter of debate.
While some trials suggested or even proved the superiority of cisplatin-based pro-
tocols over their carboplatin counterparts, none of the trials could demonstrate
a superiority of carboplatin-based protocols over their cisplatin counterparts.
A recent meta-analysis which included 2,968 patients from 9 randomized trials
confirmed the advantages of cisplatin-based protocols [4]. Cisplatin-based che-
motherapy compared to carboplatin-based chemotherapy resulted in a higher
response rate (30 vs. 24%). Carboplatin-based protocols were associated with an
increase in mortality in patients treated with third-generation anticancer drugs
(HR = 1.11; 95% CI 1.01-1.21) and also in patients with nonsquamous NSCLC
(HR =1.12;95% CI 1.01-1.23).

The two platins have different toxicity profiles. Cisplatin-based chemotherapy
primarily leads to nausea/emesis and potential nephrotoxicity and, therefore,
requires efficient antiemetic therapy and adequate hydration. Carboplatin-based
protocols primarily lead to hematotoxicity, particularly thrombocytopenia.

In daily practice, cisplatin-based chemotherapy should be preferred in patients
with good performance status and adequate organ functions (kidney, heart), whereas
carboplatin-based protocols might be an option in patients with reduced organ
functions (kidney, heart) or when ease of administration is of major importance.
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Elderly Patients and Patients with Reduced Performance Status

Elderly patients and patients with reduced performance status benefit from pal-
liative chemotherapy but they require well-tolerated protocols and enhanced
supportive care [5]. The magnitude of the benefit in patients with reduced per-
formance status is often less compared to the benefit in patients with good perfor-
mance status. In both patient populations, cisplatin-based protocols are often too
toxic and should only be used with caution.

Thus, these patients are often treated with a third-generation cytotoxic drug as
a single agent. Other options might be carboplatin-based protocols or protocols
containing only low doses of cisplatin. However, there is general agreement that
more trials involving these special patients are required in order to determine the
best treatment options for these patients.

Customized Chemotherapy

An important step forward in the systemic treatment of advanced NSCLC is antic-
ipated through the development of individualized chemotherapy. In this case, che-
motherapy is tailored according to patient characteristics and/or tumor features.
Chemotherapy based on biomarkers of tumor cells has already been and will fur-
ther be evaluated within clinical trials. These trials focus on enzymes involved
in either the mode of action or metabolism of anticancer drugs. Of particular
interest is ERCCI, an enzyme involved in DNA repair. Patients with low ERCC1
levels in their tumors did benefit from adjuvant cisplatin-based chemotherapy,
while patients with high levels did not [6]. In a prospective trial in patients with
advanced NSCLC, customized chemotherapy based on ERCCI levels of tumors
resulted in a higher response rate but did not increase survival as compared to the
control arm [7]. In the customized arm, patients received cisplatin/docetaxel in
case of low ERCCI1 levels and gemcitabine/docetaxel in case of high ERCCI lev-
els. In the control arm, all patients received cisplatin/docetaxel. Thus, customized
chemotherapy remains experimental and should not be recommended outside a
clinical trial.

The customized chemotherapy trials performed so far also highlighted the
challenges associated with this approach. Availability of sufficient tumor tissue,
particularly when required immediately prior to chemotherapy, remains a major
challenge in patients with advanced NSCLC. Other challenges associated with
biomarkers include storage of tumor specimens, fixation procedures, and stan-
dardization and validation of appropriate laboratory tests [8]. These problems will
have to be solved before wide-spread application of customized chemotherapy will
become a clinical reality.
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Targeted Therapies

Integration of targeted therapies is expected to improve the outcome of chemo-
therapy in patients with advanced NSCLC but the optimal combination of both
treatments remains a greater challenge than anticipated [9]. While administration
concurrent with chemotherapy might work for one particular targeted therapy,
a sequential approach might be more advantageous in case of another targeted
therapy.

Targeted therapies focus on the blockade of the epidermal growth factor recep-
tor (EGFR) function and on the inhibition of angiogenesis. Cetuximab added to
cisplatin/vinorelbine increased survival in patients with advanced EGFR-positive
NSCLC [10]. Bevacizumab added to chemotherapy improved outcome in selected
patients with advanced nonsquamous cell NSCLC [11, 12], although a survival
benefit was observed in only one of these trials [11].

Many other trials failed to demonstrate a survival benefit for a targeted agent
when combined with palliative chemotherapy in patients with advanced NSCLC
[9].

Whether targeted therapies might eventually replace chemotherapy in the first-
line setting has also been investigated in selected patients with advanced NSCLC.
Gefitinib was compared to carboplatin/paclitaxel in chemo-naive Asian never-
smokers (or only light smokers) with adenocarcinomas [13]. With regard to pro-
gression-free survival, gefitinib led to a benefit in patients with mutations in the
EGFR gene but to inferior outcome in those without mutations. Data on overall
survival are pending. Based on these findings, gefitinib as first-line therapy should
only be given to patients with proven EGFR mutations in their tumors.

Maintenance Therapy

Patients with advanced NSCLC should initially be treated with up to 6 cycles of
platinum-based doublets but patients with stable disease under chemotherapy
should not receive more than 4 cycles [1]. Maintenance therapy after initial che-
motherapy is a potential strategy to improve outcome. Maintenance therapy often
prolongs progression-free survival, but its improvement of overall survival remains
to be demonstrated.

Pemetrexed was recently compared to placebo in patients who had at least stable
disease after 4 cycles of platinum-based first-line chemotherapy [14]. Patients receiv-
ing pemetrexed had longer progression-free survival and overall survival compared
to those receiving placebo. This benefit was seen only in patients with nonsquamous
NSCLC. Although the trial was planned to study the impact of maintenance therapy,
it actually evaluated more the role of early versus delayed second-line chemotherapy

160 Pirker - Minar



than the role of maintenance therapy. Consistent with the findings of the pemetrexed
study, early second-line docetaxel chemotherapy compared to docetaxel initiated at
the time of progression was recently shown to improve survival [15].

Taken together, maintenance therapy and early second-line chemotherapy are
not yet accepted as standards but second-line chemotherapy probably should be
initiated earlier than according to current practice.

Systemic Chemotherapy in Patients Progressing after First-Line Chemotherapy

Patients progressing after first-line chemotherapy are treated with docetaxel, pem-
etrexed or erlotinib. Pemetrexed was shown to have similar efficacy but better
tolerability compared to docetaxel [2]. Moreover, a subgroup analysis indicated
superior efficacy of pemetrexed in patients with nonsquamous NSCLC. Thus,
pemetrexed is currently preferred in patients with nonsquamous NSCLC, whereas
docetaxel is preferred in patients with squamous cell NSCLC.

Erlotinib is preferentially given to patients who are likely to respond to these
agents, such as never-smokers, females, patients with adenocarcinomas and
patients with activating mutations in the epidermal growth factor receptor gene.
Such mutations occur in approximately 10-15% of Caucasian patients but are
more common in patients of Asian ethnicity with frequencies of up to 60%.

Gefitinib did not increase survival in a large trial compared to placebo [16].
However, gefitinib was recently shown to be noninferior to docetaxel in patients
previously treated with chemotherapy [17] and, therefore, will also increas-
ingly be accepted as a treatment option for patients progressing after first-line
chemotherapy.

Assessment of Efficacy

There is controversy on the optimal assessment of the outcome of palliative che-
motherapy or targeted therapies within clinical trials. Overall survival remains
the most relevant endpoint. However, its reliability with regard to the assessment
of the efficacy of first-line chemotherapy has been questioned based on the argu-
ment that the observed associations between first-line chemotherapy and sur-
vival might have been affected by subsequent therapies. Thus, progression-free
survival is preferred as the primary endpoint by some investigators. However,
progression-free survival is difficult to be assessed in patients with advanced
NSCLC where the expected differences in outcome are small. Moreover, the
association between progression-free survival and overall survival appears to be
rather weak. Response rates are well established but are not the most relevant
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clinical endpoints in patients with advanced NSCLC and their associations with
survival are weak.

In order to obtain clinically useful information, clinical trials should always
attempt to assess several efficacy parameters and, whenever possible, should be
powered to allow the detection of small but clinically still relevant differences in
survival. In those instances in which progression-free survival is chosen as the
primary endpoint, its assessment should be within a placebo-controlled trial and
accompanied by measures on tumor-related symptoms and quality of life. Efficacy
data based on progression-free survival will be more easily accepted when the pro-
longation of progression-free survival is accompanied by improvements in cancer-
related symptoms or quality of life.

In daily practice, doctors should always be aware of the goal of their treatment.
In most instances, treatment will aim at improving cancer-related symptoms,
increasing survival or improving both symptoms and survival. Doctors should be
aware that improvements in survival by chemotherapy have only been proven for
first-line and second-lines therapies and that, therefore, the goal of any subsequent

treatments can only be relief of cancer-related symptoms.
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Abstract

The intrathoracic growth of the tumor causes several severe symptoms as cough, dyspnea, chest
pain, hemoptysis, hoarseness, anorexia/nausea, and dysphagia. In patients with manifest or
threatening symptoms radiotherapy (RT) as an effective measure should be implemented into
the management concept. Palliative RT radiotherapy prefers short hypofractionated schemas
(e.9.10 X 3 Gy, 4 x5 Gy, 2 X 8 Gy, 1 X 10 Gy). Careful radiation planning supports the precision of
palliative RT and reduces significantly the complication rate. A good response and prolonged
palliation effects (6-12 months) can be achieved in many cases. However, the minimum biologi-
cally equivalent dose should not be less than 35 Gy. RT produces a good outcome in all types of
metastases of lung carcinoma. In emergencies like VCSS or spinal cord compression RT should be
initiated immediately. The selection of the optimal therapy for locally advanced lung carcinoma
with malignant airway obstruction is difficult. Both brachytherapy and percutaneous irradiation
are effective, however published results including local a sum of response, functionality and life
quality demonstrates more benefit by percutaneous RT. Due to different physical properties of
these two methods the combination of brachytherapy and external beam irradiation may be
advantageous. Copyright © 2010 S. Karger AG, Basel

Clinical Manifestations of Advanced Lung Carcinoma

The carcinoma of the lung demonstrates different patterns of growth depending
on histological type of disease. Among the various histologic types of the non-
small cell lung carcinoma (NSCLC), adenocarcinoma has the slowest doubling
time and small cell carcinoma has the fastest [1]. On the other hand, adenocarci-
noma has shown higher potential for distant metastasis.

Signs and symptoms referable to the advanced lung tumor vary depending on
the location and size of the tumor. Centrally located tumors produce cough, a local-
ized wheeze, hemoptysis, and symptoms and signs of airway obstruction and pos-
tobstructive pneumonitis such as dyspnea, fever, and productive cough. Peripheral



tumors are more likely to be asymptomatic when they are small and confined
within the lung. Occasionally, cough and pleuritic chest pain may be evident. One
of the most common neurologic disorders arising from mediastinal involvement is
hoarseness owing to entrapment of the recurrent laryngeal nerve [2].

The principal vascular syndrome associated with the extension of lung can-
cer into the mediastinum is superior vena cava (SVC) syndrome, most commonly
caused by invasion of the vein and extrinsic compression by the tumor but also
by intraluminal thrombosis. Lung cancer accounts for 65-90% of all cases of SVC
syndrome [3].

With apical tumors, the classic Pancoast’s syndrome (lower brachial plexopa-
thy, Horner’s syndrome, and shoulder pain) may become manifest owing to local
invasion of the lower brachial plexus (C8 and T1 nerve roots), satellite ganglion,
and chest wall. The tumor may cause symptoms through involvement of the first
or second rib or vertebrae and other nerve roots [2].

Approximately 50% of patients with disseminated lung cancer develop pleural
effusion during the course of their illness. A pleural effusion may be asymptom-
atic when small, but it is usually associated with dyspnea, cough, or chest pain.
Pericardial involvement arises from direct extension of the tumor or as a result of
retrograde spread through mediastinal and epicardial lymphatics. Lung cancer is
the single most frequent source of pericardial metastases, accounting for 37% of
reported cases [3].

Stage IV metastatic disease will be found in approximately 30-40% of patients
with NSCLC [2]. Although lung cancer can metastasize to virtually any organ site,
the most common sites of hematogeneous spread that are clinically apparent are
the central nervous system (CNS), bones, liver, and adrenal glands. Many of these
patients do not have symptoms that can be attributed to a specific distant site. Bone
pain seems to be common. Symptoms related to liver involvement (right upper
quadrant pain) are less common or nonspecific (nausea, weight loss, anemia).
Involvement of the adrenal glands is often asymptomatic, and most adrenal metas-
tases are discovered incidentally during staging evaluation or at autopsy. If symp-
tomatic, it presents with unilateral pain in the ankle, abdomen, or costovertebral
angle. Much less commonly, signs or symptoms point to brain and CNS involve-
ment. These can range from nonspecific headache or mental status change to focal
or generalized seizures and localized weakness. Epidural and intramedullary spinal
cord metastases may be the sole neurologic manifestations of lung cancer.

Palliative Potential of Radiotherapy

The majority of patients who present with locally advanced or metastatic lung
cancer are treated with palliative intent, with the goals of relief of pain and other
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Table 1. Palliation of special symptoms of advanced NSCLC by radiation treatment (external
beam radiation; data from Fairchild et al. [9])

Symptom CR PR

Hemoptysis 71.3% (350/491) 80.6% (639/792)
Cough 29.1% (274/941) 50.9% (822/1614)
Chest pain 54.7% (295/539) 64.3% (616/958)

symptoms, and preservation of quality of life (QoL) [4]. Palliative-intent radiother-
apy (RT) is effective for improvement of symptoms resulting from intrathoracic
disease, such as hemoptysis, cough, chest pain, dyspnea, and airway obstruction,
and in approximately one third of patients, improves global QoL (table 1) [4, 5].

Radiation dose can be delivered by percutaneous irradiation or by brachyther-
apy. The latter one is very effective due to high radiation dose that can be delivered
proximally to the radiation source. A disadvantage of brachytherapy is the dose
inhomogeneity. The steep decrease of dose rate distally to the radiation source
produces inefficient doses in the deeper layers of tumor resulting in the lack of
response. External beam radiation provides a good dose homogeneity that enables
a sufficient dose application across the entire tumor volume.

The maximal dose that can be delivered to the lung tumor, including the
involved lymph nodes, is restricted by the tolerance of normal tissues within the
high-dose volume. Within the thorax, the tissues of concern include especially the
spinal cord, lung, and esophagus. 3D-CRT enables the spatial dose distribution to
be more conformal to the target volume while reducing the dose to normal tissues.
This approach, therefore, has the potential to decrease the probability of normal
tissue toxicity. Graham et al. [6] have reported increasing rates of radiation pneu-
monitis with an increasing radiation dose to normal lung tissue.

It is well documented that local control rates have improved with an increasing
radiation dose. However, because of the proximity of critical normal structures to
the primary tumor, the prescription dose had traditionally been limited to between
60 and 70 Gy. A report by Arriagada et al. [7] revealed a 17% pathologic local
control rate after a radiation dose of 65 Gy. From the basic principles advocated
by Fletcher [8], it is thought that doses of <100 Gy may be required to sterilize
the size of tumors frequently treated in bronchogenic carcinoma. Radiation doses
required to slow down the growth of the advanced tumor lesion are significantly
lower (approximately 25-45 Gy).

However, the optimal dose of percutaneous RT needed to palliate symptoms
of advanced lung cancer has not been well defined. Randomized controlled trials
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comparing different regimens for the amelioration of thoracic symptoms have
reported contradictory results for symptom palliation. Even more controversial is
what impact, if any, palliative RT has on survival [9].

The meta-analysis by Fairchild et al. [9] confirmed the equivalence of palliation
of specific symptoms for a broad range of radiation doses, but report that patients
have a statistically lower total symptom score after higher doses of palliative tho-
racic RT (tables 2, 3). This systematic review provides further evidence of equiva-
lency of specific symptom palliation outcomes (hemoptysis, cough, chest pain),
but describes statistically significantly improved total symptom score and overall
survival with higher doses of palliative thoracic RT compared with lower doses.
They reported a 4.8% absolute increase in overall survival at 1 year, favoring dose
schedules of 35 Gy,, BED, at the expense of significantly increased esophagitis.
Although the authors observed a greater incidence of chest reirradiation after RT
with lower doses, the results were not statistically significant.

The value of endobronchial brachytherapy as a palliative treatment for bron-
chial obstruction is now widely accepted. Initially performed with low-dose-rate
sources, endobronchial brachytherapy (EBBT) is now usually delivered with
miniaturized high-dose-rate (HDR) iridium sources. This method is recognized
as an effective palliative treatment of tumorous endobronchial obstruction.
Symptomatic regression has been observed in 60-80% of patients, with shrinkage
of the endobronchial tumor in 80%. Toxicity was mild, despite rare late toxicities
such as radiation bronchitis and massive hemoptysis [10, 11].

Radiation treatment of preirradiated tumor may also be effective. Reirradiation
achieves responses offering the patient another period without or with reduced
symptoms. The published response rates in NSCLC are very promising and range
between 50 and 90% depending on observed symptom [12, 13].

Treatment Strategies

The treatment strategy in patients with advanced NSCLC should refer to patient
needs and his condition. If there are pressing symptomatic needs for palliation,
such as significant obstruction of a major airway, severe hemoptysis, superior vena
cava obstruction, painful bony metastases in the weight-bearing areas, or symp-
tomatic brain metastases, the initial treatment is radiotherapy with or without
chemotherapy. If a patient has evidence of disseminated disease and there is no
pressing need for radiotherapy, the approach includes consideration of systemic
chemotherapy, or supportive therapy alone if the patient’s general condition is not
suitable for systemic chemotherapy.

Consideration of RT schedules of at least 35 Gy, BED may therefore be warranted
in certain clinical scenarios, provided that patients are informed of the trade-off
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Table 2. Selection of randomized clinical trials on palliative radiotherapy in NSCLC demonstrating the applied doses and
fractionation schemas (data from Fairchild et al. [9])

Trial Year Numberof Group A (lower BED) Group B (higher BED)

patients Gy  numberof duraton BED Gy  numberof duration BED

fractions (Gyo) fractions (Gy,o)

Simpson et al. 1985 409 30 10 2 weeks 35.0 40 8 4 weeks 45.0
[23]*
Teo et al. [24] 1988 291 312 4 4 weeks 437 45 18 4.5weeks 428
MRC 1991 [25] 1991 374 17 2 8 days 30.7 30 10 2 weeks® 35.0
MRC 1992 [26] 1992 235 10 1 1 day 24.8 17 2 8 days 30.7
Abrattetal. [27]F 1995 84 35 10 2.5weeks 40.1 45 15 4 weeks 45.0
MRC 1996 [28] 1996 509 17 2 8 days 30.7 39 13 2.5 weeks® 42.8
Rees et al. [29] 1997 216 17 2 8 days 30.7 225 5 1 week 342
Nestle et al. [30]/ 2000 152 32 16 b.i.d. 10 days 360 60 30 6 weeks 45.9
Bezjak etal.[31] 2002 230 10 1 1 day 248 20 5 1 week 296
Sundstrem 2004 421 17 2 8 days 30.7 50 25 5 weeks 394
etal. [32]*
Erridge etal.[33] 2005 149 10 1 1 day 248 30 10 2 weeks 35.0
Krameretal.[34] 2005 303 16 2 8 days™ 280 30 10 2 weeks™ 35.0
Senkus-Konefka 2005 100 16 2 8 days 280 20 5 1 week 29.6

et al. [35]

Within the study, group A was treated with lower equivalent total dose (LD) and group B received higher total dose (HD).
BED = Biologically equivalent dose.
* Intermediate dose arm omitted; higher dose arm was split course delivered 4 days/week with 2-week break.
 Alternate schedule of 27 Gy in 6 fractions.
* Delivered 4 days/week.
5 Alternate schedule of 36 Gy in 12 fractions.

Interfraction interval =6 h.

" Delivered 4 or 5 days/week.

between the potential advantages (survival benefit, decreased likelihood of reirradia-
tion to the thorax) and disadvantages (higher incidence of esophagitis, greater time
investment) of each schedule. Alternatively, patients with intrathoracic symptoms and
a short expected survival may achieve a high rate of symptom relief with minimal tox-
icity and inconvenience with a short course of palliative thoracic radiotherapy [9, 14].
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Table 3. Results of clinical trials on palliative radiotherapy in NSCLC demonstrating the difference between efficacy
of lower (LD) and higher (HD) radiation doses (compare also table 2; data from Fairchild et al. [9]): percent values

Trial Year Numberof  Complete Partial 1-Year 2-Year
Patients remission remission survival survival

LD HD LD HD LD HD LD HD
Simpson et al. [23] 1985 409 253 27.2 72.6 757 22.1 30.1 74 8.1%
Teo et al. [24] 1988 291 0.0 0.9 53.9 70.6 16.3 217 5.2 5.1
MRC 1991 [25] 1991 374 - - - - 19.8 23.0 4.8 4.8
MRC 1992 [26] 1992 235 - - - - 9.3 13.7 34 1.7
Abratt et al. [27] 1995 84 14.0 19.5 67.4 75.6 39.5 36.6 - -
MRC 1996 [28] 1996 509 - - - - 31.0 35.8 9.0 11.8
Rees et al. [29] 1997 216 - - - - 18.0 21.9 54 124
Nestle et al. [30] 2000 152 - - - - 35.6 38.0 9.6 8.9
Bezjak et al. [31] 2002 230 - - - - 172 272 - -
Sundstrgm etal. [32] 2004 421 - - - - 288 323 103 100
Erridge et al. [33] 2005 149 4.7 22.6 76.6 91.9 18.9 284 4.1 8.1
Kramer et al. [34] 2005 303 - - - - 10.9 19.9 5.8 9.0
Senkus-Konefka 2005 100 - - - - 267 109 - -

et al. [35]

Short fractionation has been recommended by many guidelines [15] although a
number have cautioned against the use of single fractions for various reasons [16].
Other position papers have not recommended a specific dose fractionation sched-
ule. Although the use of palliative chemotherapy for NSCLC is increasing, RT alone
can provide more timely palliation of thoracic symptoms without the morbidity
of chemotherapy, and may be the primary or only treatment option for poor-PS
patients, or patients who have declined or progressed despite systemic therapy.

According to our experience severity of symptoms, general condition of the
patient and the prognosis of disease are the factors with impact on treatment con-
cept. In case of acute bronchial obstruction EBBT should always be considered.
In palliative situation a sole irradiation of critical tumor mass is usually sufficient.
After successful brachytherapy percutaneous irradiation of the treated tumor
lesion prolongs the response to radiation treatment. The reduction of acute side
effects can be supported by use of small treatment volumes and 3D treatment
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planning. Split-course radiotherapy may help to adapt treatment schema to the
general condition of the patient.

Bone metastases occur frequently in advanced lung carcinoma. Radiation
therapy has been reported to be effective in palliating painful bone metastases,
with partial pain relief seen in 80-90% of patients, and complete pain relief in
50% of patients. For patients with a longer life span, there is a greater opportunity
for regrowth of the tumor. For patients with a poor performance status, difficulty
making multiple trips for treatment, extensive nonosseous metastases, and/or a
short life expectancy, the most appropriate treatment is a single fraction of 8 Gy.
For patients with a longer life expectancy, bone-only metastases, and good perfor-
mance status, a longer course of treatment (30 Gy in 10 fractions) may be more
appropriate to minimize the risk of retreatment. The use of bisphosphonates with
external-beam radiotherapy may further improve the outcome in terms of both
pain and bone healing [17].

In brain metastasis the most common primary site is the lung. The initial ther-
apy should promptly start with corticosteroids followed by whole-brain radio-
therapy (WBRT), which is the standard of care in patients with brain metastasis
[18]. There is still no agreement on the dose and fractionation schedule for WBRT
despite numerous studies designed to determine the optimum delivery. Typically,
the radiographic and clinical response rates range from 50 to 75%. A total of 30
Gy in 10 fractions continues to be the standard for most patients. Radiosurgery
provides a substitute or alternative to conventional surgery. Although no random-
ized trials have been performed comparing surgery with SRS, the latter appears to
provide similar local control rates (in the order of 80-90% only when combined
with WBRT) [19].

Palliative radiotherapy has been the standard of care in the treatment of patients
with metastatic spinal cord compression (MSCC). Although a total of 30 Gy in 10
fractions is most frequently employed fractionation schedule, multiple fraction-
ation schemes have been reported, which undoubtedly reflects the heterogeneity
in the patient population and tumor histology. Rades et al. [20, 21] reported a
retrospective series of 1,304 patients with MSCC. All of the groups had similar
posttreatment ambulatory rates (63-74%) and motor function improvements
(26-31%). However, in-field recurrence rates were much lower for the protracted
schedules. They recommend that a single fraction of 8 Gy should be used in MSCC
patients with limited survival expectations, and that 30 Gy in 10 fractions should
be used for all other patients. For patients receiving radiotherapy for MSCC from
NSCLC, 30 Gy in 10 fractions is considered the standard of care. Shorter fraction-
ation schedules, such as 8 Gy x 1 or 4 Gy x 5, should only be reserved for those
with clear evidence of progressive disease, refractory to systemic therapy.

The superior vena cava syndrome is produced by extrinsic compression of the
SVC or intracaval thrombosis, which is seen in approximately 40-50% of patients
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with this syndrome. Although it generally is believed that these patients have an
extremely poor prognosis, approximately 10-20% survive longer than 2 years.
Therefore, in the absence of distant metastasis, aggressive management and sup-
port are indicated. RT should be initiated as soon as possible. Patients initially
should be given high-dose fractions (3- to 4-Gy tumor dose) for 2 or 3 days, fol-
lowed by additional daily doses of 1.8-2 Gy to complete the definitive course of
RT. The recommended total tumor dose for patients with localized bronchogenic
carcinoma is 60-70 Gy in 6-7 weeks. Excellent symptomatic relief (disappearance
of dyspnea, edema of the face, and distention of the neck and thoracic veins) has
been observed in approximately 20% of patients. Good symptomatic improve-
ment also has been noted in an additional 50% of patients. Only 15% of patients
with bronchogenic carcinoma had minimal improvement, and 15% showed no
significant response [22].
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Abstract

Limited disease small cell lung cancer (LD-SCLC) is a heterogeneous disease, not only for its
clinical behavior, but also for is anatomical extension. In very rare, early cases, LD-SCLC might be
treated with surgery and chemotherapy, but as the overwhelming majority of patients present
with locally advanced disease, the standard of care is concurrent chest radiotherapy with cispla-
tin and etoposide chemotherapy followed by prophylactic cranial irradiation (PCl). Newer che-
motherapeutic drugs as well as targeted agents have not improved the outcome thus far. Given
concurrently with chest irradiation, cisplatin combined with etoposide, administered every 21
days for 4-5 cycles have frequently been used. Thoracic radiotherapy should begin as early as
possible during the first chemotherapy cycle. A total radiation dose of 45 Gy is recommended,
delivered in a short overall treatment time (less than 4 weeks). Accelerated therapy increased
absolute 5-year survival rates by 10% compared to longer treatment times, at the expense of an
incidence of severe esophagitis of approximately 30%, which is reversible within a few weeks.
Hematological complications and late pulmonary damage may occur, but is not more frequent
than with less intensive schedules that impair long-term survival. Obviously, patient selection is
crucial. Because after combined chemotherapy and thoracic radiotherapy, the remission status
of the tumor is difficult to assess because of radiation-induced radiographic changes, patients
that show no tumor progression are suitable for PCl. With this treatment, 5-year survival rates of
25% can be achieved in patients with LD-SCLC. Copyright © 2010 S. Karger AG, Basel

Small cell lung cancer (SCLC) accounts for 10-15% of all lung cancers [1].
Approximately 20% of these patients present with so-called limited disease (LD)
and are potentially amendable for treatment with curative intent. SCLC is charac-
terized by rapid growth, with volume doubling times of approximately 30 days and
early development of distant metastases [2].

It should be stressed that the definition of LD-SCLC varies across studies and
time eras. The first staging system for SCLC was introduced in the 1950s by the



Veterans’ Administration Lung Study Group (VALSG) [3]. This still widely used
system divided SCLC into two disease subgroups: limited and extensive disease.
Limited disease (LD) was characterized by tumors confined to one hemithorax,
although local extension and ipsilateral, supraclavicular nodes could also be pres-
ent if they could be encompassed in the same radiation portal as the primary
tumor. No extrathoracic metastases could be present. All other disease was clas-
sified as extensive disease (ED). At present, using the tumor, node, metastasis
(TNM) staging system, also for SCLC, is advocated [4]. As in clinical trials, the
definition of LD-SCLC has been used differently, and inclusion criteria such as the
size of the mediastinal lymph nodes along with patient characteristics also vary,
outcome comparisons between studies are fraught with error and should therefore
only be done with great scrutiny.

Because LD-SCLC is a systemic disease from the onset in the overwhelm-
ing majority of the patients, chemotherapy has become an essential part of the
treatment.

A logical question is whether the addition of a local treatment affects survival
or not. Surgery is in most cases not possible because of the local extend of the
tumor or lymph nodes, but might be considered in rare, early stages [5]. For the
majority of patients, chest radiotherapy is the most important local therapy.

Two meta-analyses [6, 7] have shown an improvement of 5.4% in absolute
survival at two years and three years in patients who received chest irradiation
in addition to chemotherapy versus those receiving chemotherapy alone, but the
5-year survival rate remained disappointingly low at 10-15%.

The two meta-analyses provided evidence that chemotherapy should be sup-
plemented with chest irradiation.

At present, the combination of cisplatin and etoposide is standard for SCLC
[8]. Therefore, most trials combining chest radiotherapy with chemotherapy have
used this doublet.

Thoracic Radiotherapy

Historically, SCLC was considered as being a very radiosensitive tumor, as rapid
shrinkage of the tumor is achieved in the majority of patients. However, local tumor
failures still occur in over 30% of the patients, even with the best available concur-
rent chemo-radiation regimen [9]. The view that this tumor is extremely sensitive
for radiation should thus be reconsidered.

Important questions to be addressed are: (1) What is the optimal radiation dose
and fractionation? (2) What are the target volumes? (3) What is the best timing,
sequencing and overall treatment time? These items have been reviewed in De
Ruysscher and Vansteenkiste [10].
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(1) What is the Optimal Radiation Dose and Fractionation?

The effect of the radiation dose on local tumor control was studied in only one
phase III trial, randomizing between 25 Gy in 10 fractions in 2 weeks or 37.5 Gy
in 15 fractions in 3 weeks. The local recurrence rate after 2 years was 80% for the
low-dose group and 63% for the higher dose (p < 0.05). However, these doses are
still low and not representative of current clinical practice.

We therefore have to rely on nonrandomized, retrospective and prospective
data to evaluate the effect of higher doses on local control. It seems that in sequen-
tial schedules, i.e. chemotherapy followed by chest irradiation, it seems that the
major improvement in local control is achieved when the dose is increased from
35 to 40 Gy, with possibly a modest gain of 10% with a further escalation to 50 Gy.
However, because the data come from non-randomized studies employing a wide
variety of other treatment parameters such as the irradiated volume, the overall
treatment time and the type and sequence of chemotherapy, these findings are
very difficult to interpret.

In RTOG 97-12, a phase I study;, it was established that the maximal tolerated
dose of accelerated radiation, delivered with concurrent cisplatin and etoposide,
was 61.2 Gy in 5 weeks [11].

Phase III trials are underway to determine the optimal dose and fractionation.
In all of them, chest irradiation is delivered concurrently with the first or the sec-
ond chemotherapy cycle.

(2) What Are the Target Volumes?

The volume to be treated was investigated in only one randomized trial. In this
Southwest Oncology Group (SWOG) study, 466 patients with LD-SCLC after
induction chemotherapy were randomized according to their response. In a rather
complex design, using sequential chemo-radiation, postchemotherapy margins
appeared safe. This has been confirmed in several pro-and retrospective series.

In NSCLC, elective irradiation of mediastinal lymph nodes has gradually
been replaced by the treatment of pathological nodes on CT or PET only [12].
By doing so, radiation volumes could be reduced and hence toxicity dimin-
ished. In LD-SCLC, only one prospective study has been carried out in which
only CT-positive mediastinal lymph nodes were included in the gross tumor
volume (GTV) [13]. Twenty-seven patients were treated with concurrent car-
boplatin, etoposide and chest irradiation (45 Gy delivered in 30 BID fractions).
Three patients (crude rate 11%, 95% CI 2.4-29%), developed an isolated nodal
failure, all of them in the ipsilateral supraclavicular fossa. Because of the higher
than expected isolated recurrence rates, the study was terminated early. Because
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Fig. 1. Survival at 5 years as a function of the SER (Start of any treatment to the End of
Radiotherapy) [17]. Each dot represents a single trial + SE.

18F-deoxyglucose PET scans have also in SCLC a higher accuracy than CT scans,
irradiation of only PET positive nodes would be a possibility to omit elective nodal
irradiation in the future [14].

At present, the safety of selective nodal irradiation in NSCLC should not be
extrapolated to patients with LD-SCLC until more data are available. In the mean
time, elective nodal irradiation should only be omitted in clinical trials.

(3) What Is the Best Timing, Sequencing and Overall Treatment Time?

Many phase III studies have investigated the timing of chest radiation in LD-SCLC
[reviewed in 9, 15]. When all studies were considered, the delivery of early versus
late thoracic irradiation did not influence the survival. However, when the most
active chemotherapy regimen (platinum-based) were administered concomi-
tantly with chest radiotherapy, long-term survival was increased at the expense
of a higher incidence of severe, though transient esophagitis. At 5 years, the sur-
vival was significantly higher when chest radiotherapy was given early, i.e. within
30 days after the initiation of chemotherapy, representing a 5-year survival rate
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of 20.2% for early versus 13.8% for late thoracic radiotherapy. In a pivotal phase
III study [16], decreasing the overall treatment time of chest radiotherapy from 5
weeks (2 Gy QD) to 3 weeks (1.5 Gy BID), whilst keeping the total radiation dose
to 45 Gy, increased the 5-year survival from 16 to 26%.

Early, concurrent chemotherapy with accelerated radiation may result in
approximately 30% grade 3 acute esophagitis, which contrasts with about 15% in
early, concurrent, nonaccelerated radiotherapy and approximately 5% in sequen-
tial schedules. Interestingly, lung toxicity was not different according to the timing
of radiotherapy.

Because a time-interaction between chest radiation and chemotherapy was sus-
pected, an integrated approach was proposed [17]. It was hypothesized that accel-
erated repopulation was triggered by the first dose of any effective cytotoxic agent
and that in order to obtain local tumor control, the last tumor clonogen should
be killed by the end of radiotherapy. It follows from these two assumptions that
the long-term survival should decrease with increasing time between the Start of
any treatment to the End of Radiotherapy (SER). A meta-analysis of published
data showed superior long-term survival if the SER was kept below 30 days in
LD-SCLC (fig. 1).

These results are consistent with accelerated proliferation of tumor clonogens
triggered by radiotherapy and/or chemotherapy. As expected, accelerated treat-
ments also cause more toxicity in rapidly proliferating tissues such as the esopha-
geal mucosa.

In conclusion, for limited-stage small cell lung cancer, current evidence sup-
ports the early administration of thoracic radiotherapy with concurrent cisplatin
and etoposide chemotherapy.

Patient Selection

Because accelerated, concurrent chemotherapy and radiotherapy leads to more
acute toxicity, at a time patients are susceptible for infections and organ dysfunc-
tion, patient selection is crucial. This is reflected in the inclusion and exclusion
criteria in clinical trials and several guidelines. In general, concurrent chemo-
radiation is restricted to younger (maximum 75 years) patients, in a good general
condition (e.g. WHO performance status 0-1), without significant co-morbidities
and with adequate organ function. However, in a prospective population-based
study including 711 patients, only about 40% of patients were eligible for con-
current chemo-radiation [18]. Already about one fourth of patients with locally
advanced lung cancer were 75 years or older, and comorbidity was very frequent.
Even in patients less than 75 years, the comorbidity incidence was 278 (52.9%) 0,
188 (35.7%) 1, and 56 (11.4%) 2 or more. Less toxic alternatives are needed for
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these patients. At present, sequential chemotherapy and chest radiation is a real-
istic option.

Future Perspectives

Small cell lung cancer remains a challenging disease with most patients dying from
distant metastases, and still a significant proportion with persistent local tumor. A
better integration of systemic treatment with thoracic irradiation is still needed, as
well as innovative drugs and sophisticated thoracic and cranial irradiation tech-
niques. At present, targeted drugs failed to improve the prognosis of patients with
SCLC, but as times goes by, there is a very high probability that this situation will
change. Possibilities include anti-angiogenesis drugs and hypoxic cell sensitizers.
Moreover, although at the time of writing, small-cell lung cancer stem cells have
not been identified, selectively targeting these cells has a high therapeutic poten-
tial. The same applies for the integration of molecular imaging data into radio-
therapy treatment planning. Lastly, identification of predictive and/ or prognostic
factors on an individual patient basis may allow selecting the right patient for the

best fitted treatment.
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Abstract

Patients with extensive disease small cell lung cancer (ED-SCLC) represent approximately one-
third of all SCLC patients. For these patients, chemotherapy (CHT) is the standard treatment of
choice. With CHT given alone, however, there is not a high risk of distant progression, but also
progression within the thorax and brain frequently occurs, even in patients achieving a response
to CHT.To improve poor figures obtained with CHT alone and address important issue of intratho-
racic tumor control and it relationship to overall survival, thoracic radiation therapy (TRT) was
introduced with a curative intent in a prospective randomized trial by Jeremic et al (1988-1993).
In that trial CHT alone was compared with CHT followed by TRT, and in both groups by a prophy-
lactic cranial irradiation. This trial showed that TRT can offer an improvement on local control
that leads to an improvement in overall survival. Toxicity was acceptable, while multivariate anal-
ysis identified number of metastasis as an independent prognosticator of outcome. Based on the
data of this trial, researchers in the USA and Europe will undergo two prospective trials address-
ing the issue of TRT in ED-SCLC. Copyright © 2010 S. Karger AG, Basel

Chemotherapy (CHT) is the standard treatment option for patients with exten-
sive disease small cell lung cancer (ED-SCLC). With this approach median sur-
vival time is 9-12 months and 5-year survivals are 1-3% [1-3]. In spite of the fact
that up to 90% of patients experience objective response following initial CHT,
the prognosis for patients with ED-SCLC remains poor. Most of them eventually
relapse, leading to one of the most frustrating challenges in thoracic oncology.

This is especially so since approaches such as maintenance CHT after 4-6
cycles of induction CHT [4-6] and higher doses of CHT [7, 8] did not prove to be
beneficial in this setting.



In addition, patterns of failure in patients with ED-SCLC treated with CHT
alone show that besides distant progression, local progression remains very fre-
quent event. It is therefore, that thoracic radiation therapy (TRT) and/or prophy-
lactic cranial irradiation (PCI) could be of a benefit in suitable patients. Those
would likely be the ones who experience some form of response to CHT, having
reasonable chances to have prolonged periods of survival.

While RT is well established in limited disease (LD) SCLC [9-11], the usefulness
of RT in ED-SCLC is much more open to debate. More than 20 years ago, a large ret-
rospective review of literature showed that RT reduced the frequency of initial chest
failure, but complete response (CR) rates, overall response rates (ORR), MST, and
2-year disease-free survival (DFS) were identical for patients treated with CHT alone
and those treated with CHT and TRT [12]. However, the majority of studies from
that report originated in 1960s and 1970s. Therefore, they cannot be considered as
the optimal RT today, regarding total tumor dose (TD), dose per fraction, and tim-
ing as well as rather primitive treatment planning. In addition, when one explores
the effectiveness of TRT in ED-SCLC, the systemic character of ED-SCLC that may
obscure possible effects of RT on survival (established on a local level), especially in
adequately chosen subgroup of patients suitable for ‘curative’ role of RT should not
be forgotten. Other issues concerning RT, like irradiation to sites of systemic tumor
or the role of prophylactic cranial irradiation (PCI), were also controversial.

Trying to focus on the issues of possible improvement in local (intrathoracic)
tumor control and its subsequent impact, if any, on overall survival in favourable
patient population, we tested the role of TRT in a prospective randomized trial
designed late 1987 which run from 1988 to 1993 [3].

RT in ED-SCLC Trial

Eligibility criteria included naive patients with ED-SCLC defined as the tumor
beyond the confines of the hemithorax, mediastinum, and ipsilateral or contral-
ateral supraclavicular nodes. Patients with tumors that could not be encompassed
within a tolerable RT field were also considered as having ED-SCLC, as well as
those having an ‘isolated’ pleural effusion with positive cytology, while those with
negative cytology in an ‘isolated’ pleural effusion were found ineligible for this
study. Patients had to have a Karnofsky performance status (KPS) score of 270, age
18-70 years, and adequate hematological, renal, and hepatic function (unless due
to liver metastases). No recent or concurrent severe, uncontrolled cardiovascular
or pulmonary disease was allowed nor were central nervous system metastases or
other abnormality when substantially impairing mental status allowed.

Staging procedures included chest X-rays and tomography, bronchoscopy,
bone marrow biopsy, brain, bone and liver radionuclide scans, and abdominal
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ultrasonography. CT scans of the thorax, brain, and abdomen were highly recom-
mended as well as pulmonary function tests and were actually performed in all
patients treated from 1989.

Eligible patients were treated with 3 cycles of standard-dose cisplatin/etoposide
(PE) regimen given at 3-week intervals: P, 80 mg/m?, day 1, and E, 80 mg/m?
days 1-3. After 3 cycles of PE, complete patient reevaluation and restaging was
performed, using the procedures outlined above. Patients achieving complete
response at local and distant levels (CR/CR) and those achieving partial response
(PR) within the thorax accompanied with the CR elsewhere (PR/CR) were ran-
domized to receive either accelerated hyperfractionated radiation therapy (ACC
HEX RT) and concurrent low-dose daily chemotherapy (CHT) consisting of car-
boplatin and etoposide (CE), 50 mg each, given on each RT day, followed by pro-
phylactic cranial irradiation (PCI) and then by additional 2 cycles of PE (group I)
or 4 additional cycles of PE and PCI (group II). Patients achieving worse response,
i.e. those achieving CR or PR within thorax, but only a PR elsewhere (CR/PR -
group III; PR/PR - group IV), were treated with 2 additional PE cycles followed
by the same ACC HEX RT/CE and in case of CR at distant level, also PCI. Those
with SD or PD (group V) were either observed until death (treated with sup-
portive care only) or treated with orally administered etoposide, 50 mg/m?, days
1 - 21, every 28 days to a total of 6 cycles or until further progression (on oral
etoposide).

RT was administered with 6-10 MV photons from linear accelerators in groups
I-IV. Target volume included all gross disease and ipsilateral hilum with a 2 cm
margin, and the entire mediastinum with a 1-cm margin. Both supraclavicular fos-
sae were routinely irradiated, AP-PA fields were used to deliver 36 Gy in 24 frac-
tions in 12 treatment days over 2.5 weeks, after which combination of an anterior,
lateral, and/or posterior oblique fields were used to give additional 18 Gy in 12 frac-
tions in 6 treatment days. Total tumor dose (TD) was 54 Gy in 36 fractions in 18
treatment days in 3.5 weeks. Doses were specified at mid-depth at the central axis
for parallel - opposed fields, and at the intersection of the central axes for oblique
techniques. The maximum dose was 36 Gy to the spinal cord and the entire heart,
54 Gy for the esophagus, and 18 Gy for the contralateral lung. Two daily fractions
of 1.5 Gy were used.

During ACC HFX RT, 50 mg of CBDCA and 50 mg of VP 16 were both given
on each RT day between the two daily fractions (3-4 h after the first one, i.e. 1-2
h before the second one).

PCI was administered to the whole brain with TD 25 Gy in 10 daily fractions
in 2 weeks via two parallel — opposed lateral fields in groups I and II. Patients in
groups Il and IV also received PCI, but only in cases achieving CR at distant level.
Palliative RT with 30 Gy in 10 daily fractions was offered to patients with meta-
static tumors when appropriate.
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Patients were fully examined at the end of their treatment (groups I-1V), every
month for 6 months after the end of the treatment, every 2 months for 2 years
thereafter, and every 4-6 months thereafter. Restaging at time of progression was
made by using the diagnostic tools outlined above.

Patients were evaluated for response after 3 cycles of PE (week 9), then after
either ACC HFX RT or 2 additional PE cycles (week 15), and at the end of treat-
ment (week 21).

CHT-induced toxicity was evaluated using the criteria of the Eastern
Cooperative Oncology Group (ECOG) and that attributable to ACC HFX RT by
the Radiation Therapy Oncology Group/European Organization for the Research
and Treatment of Cancer (RTOG/EORTC).

Of a total of 210 patients entered this four patients were excluded from analysis
due to occurrence of second (bladder) cancer, voluntary discontinuation of their
treatment within the first cycle of CHT, stroke, and myocardial infarction, the for-
mer two occurring during the first week of treatment and the latter two occurring
before the onset of treatment. A total of 206 patients were fully evaluable for toxic-
ity and survival. There was no difference in the distribution of various variables
between the five treatment groups. For all 206 patients, the median survival time
(MST) was 9 months, and the yearly survival rates at 1, 2, 3, 4, and 5 years were
38,19, 9.7, 4.9 and 3.4%, respectively. Since the only randomized part of the whole
study included patients in groups 1 and 2, further data and the discussion are lim-
ited to these patients.

Patients in group I achieved best results that were significantly better than those
in group 2: better outcome was observed in patients treated with combined CHT
and ACC HEX RT when compared to those treated with CHT only (p = 0.041), with
5-year survival rates of 9.1 and 3.7% for groups I and II, respectively. Local recur-
rence-free survival (LRFS) was also better in group I than in group II, with median
time to local recurrence (MTLR) of 30 and 22 months, respectively, and 5-year local
recurrence-free survival of 20% and 8.1%, respectively (p = 0.062). Distant metas-
tasis-free survival was similar between the two groups. Although group II patients
treated with CHT only achieved longer median time to distant metastasis than
group I patients treated with combined CHT/RT (16 vs. 14 months, respectively),
they had poorer 5-year distant metastasis-free survival (DMFS: 14 vs. 27%), and the
difference was not significant (p = 0.35). Because LRFS was only marginally insig-
nificant and DMFS was not significantly different between groups I and II, we then
performed first relapse-free survival (FRES) analysis which showed that patients in
group I achieved better results than those in group II regarding both median time to
tirst relapse (MTFR) (13 vs. 9 months, respectively) and 1-5 year FRES (p = 0.045).

Interestingly, analysis of response rates shows the local CR rate in groups I and
IT at weeks 9, 15, and 21. At week 9 after 3 cycles of induction PE, there was unex-
pectedly high CR rate at distant sites (52%). At that time there was no difference
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between the two groups in the local CR rate between the two groups, but at week
15 when either ACC HFX RT/CE (group I) or 2 additional cycles of PE (group II)
were administered, the CR rate was significantly higher in group I than in group
II (p = 0.000007), and it persisted until week 21 (p = 0.00005). Actual CR rates for
the groups I and II were 96% and 66%, respectively. Interestingly, the 4th and 5th
cycles of CHT add nothing to response achieved after ACC HEX RT was added to
3 cycles of PE. Furthermore, the 6th and 7th cycles of PE in the CHT-alone group
brought only a few percent increase in RR, altogether questioning the duration
(number of cycles ) of CHT.

Of acute high-grade (=3) treatment-related toxicity, hematological toxicity was
more frequent in group II than in group I, but the difference was not significant and
that was the case for all groups regarding leukopenia, trombocytopenia, and ane-
mia. There was no difference between groups I and II regarding incidence of high-
grade infection (p = 0.64). Due to more cycles of CHT administered to patients in
group II, nausea and vomiting were significantly more frequent in that group than
in group I (p = 0.0038), as was the case with alopecia (p = 0.000003). High-grade
kidney toxicity was observed only in group II. Acute high-grade (=3) RT-induced
esophageal toxicity was observed only in patients that received RT. On the other
hand, RT-induced high-grade bronchopulmonary toxicity was infrequent and,
therefore, the difference between these groups was not significant (p = 0.082).

This was the very first prospective randomized study that evaluated curative
TRT in ED-SCLC. It showed that TRT may play an important role in ED-SCLC.
In an effort to learn more about the study results and gather some basic infor-
mation for future studies, we also performed a multivariate analysis of the most
common pretreatment prognostic factors in these patients. This analysis showed
that besides KPS and weight loss, number of metastases significantly and inde-
pendently predicted improved overall survival. Patients with only one metastasis
had better outcome than those with >2 metastases, showing that metastatic tumor
burden should be taken into account in future studies. Finally, overall good results
should be attributed, at least in a part, to the fact that approximately 90% of all
patients in that study had 1-2 metastases.

Future Approaches

After a gap of almost 10 years following the publication of this landmark study
(i.e. 20 years since its start!), investigators over the world finally started with
preparations for additional studies of TRT in ED-SCLC. The Radiation Therapy
Oncology Group (RTOG) in the US plans a study (RTOG 0835) in which patients
with ED-SCLC and no brain metastasis, having ECOG PS0-2 will be enrolled.
Patients would have to achieve either CR or PR, with brain restaging done and
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with 0-1 residual sites of extrathoracic disease present at the time of restaging.
Radiotherapy part of the study would include TRT of 45 Gy in 15 fractions, PCI
of 25 Gy in 10 fractions, while 45 Gy in 15 fractions will be given to metastatic
lesions. Major objectives of the trial would include (1) overall median and 1-year
survival, (2) recurrence patterns and time to failure, as well as (3) acute and late
toxicity of radiation therapy. Similarly, the Dutch Lung Cancer Study Group plans
a Chest Radiotherapy in ED-SCLC Trial (CREST) with the primary endpoint
being overall survival. Secondary endpoints would include pattern of relapse and
toxicity. In CREST trial, patients with ED-SCLC without brain metastasis or pleu-
ral metastasis will undergo CHT. Those achieving any response to 4-6 cycles of
chemotherapy will be randomized to PCI and no TRT versus those to be treated
with PCI and TRT (30 Gy in 10 fractions) given only if the toxicity of the required
fields will not be prohibitive. It is expected that these two studies provide data that
will be supplementary to the data obtained during the study of Jeremic et al. [3]
and help optimize both treatment approach with RT and identification of suitable
patients for TRT.

Conclusions

After many years of silence for radiation oncologists, the field of ED-SCLC seems
again to be an interesting and exciting field for clinical research. Recent data on the
effectiveness of PCI in ED-SCLC [13] and renewed interest in TRT in ED-SCLC
bring the focus of radiation oncologists worldwide to the issue of place and role of
TRT in ED-SCLC. Every effort should be undertaken to help promote these stud-
ies, support them by enrolling patients in order to have them finished as soon as
possible as to bring important answers in this disease.
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Radiotherapy for Extensive Stage Small
Cell Lung Cancer
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Abstract
Small cell lung cancer is an aggressive form of lung cancer with a poor prognosis. Most patients
present with extensive stage of the disease. To reduce the high risk of brain metastases, prophy-
lactic cranial irradiation has been shown to be very effective. Prophylactic cranial irradiation
should now routinely be used for all patients who have responded to chemotherapy. Thoracic
radiotherapy is often reserved for palliation. However, the high incidence of residual disease
after chemotherapy and the reported beneficial effect of radiotherapy in a single study has led
to two clinical trials which will soon open and address the question whether thoracic radiother-
apy also has a role in responding patients with extensive stage small cell lung cancer.

Copyright © 2010 S. Karger AG, Basel

Introduction

Small cell lung cancer (SCLC) accounts for 10-15% of all newly diagnosed lung
cancers [1]. Most patients have extensive stage (ES-SCLC) at presentation. The
progression of the disease is generally rapid, and without treatment, median
survival is only a few months. Although the prognosis has been improved by
the use of chemotherapy, long-term survival remains disappointing. The 2-year
survival of patients with ES-SCLC has increased from 1.5% in 1973 to 4.6%
by 2000 [1]. In this article, the role of prophylactic cranial radiotherapy and
thoracic irradiation in patients with ES-SCLC is discussed. The use of palliative
radiotherapy for local or distant progression (e.g. bone metastases) is not part
of this paper.



Brain Metastases

Brain metastases are very common in SCLC. They are detected in about 20% of the
patients at diagnosis [2]. During the course of the disease, the incidence of brain
metastases increases considerably, and at autopsy they are found in 80% of cases
[3]. The risk of brain metastases is higher in patients with extensive stage than in
those with limited stage SCLC [4, 5]. Maintenance chemotherapy fails to reduce
the incidence of brain metastases [6]. Results of treatment for brain metastases
are poor. The response rate after whole brain irradiation without chemotherapy
in patients with brain-only relapse of SCLC is only 50% [7]. Various studies have
shown that response to systemic is also very poor [8, 9]. The combination of
chemotherapy and radiotherapy improves the response rate, but has no effect on
survival [10]. Despite local and/or systemic treatment, many patients still suffer
from the serious effects of brain metastases [11] and the majority of patients with
symptomatic brain metastases die with, or due to, active brain disease [12].

Prophylactic Cranial Irradiation

Prophylactic cranial irradiation (PCI) has been used to reduce the risk of symp-
tomatic metastases. Initial studies focused on patients with a complete response
after chemotherapy, since these patients had the best prognosis and the possible
largest benefit from PCI. In a number of randomized trials, it was shown that
PCl is able to significantly reduce the risk of brain metastases [13-15]. Two meta-
analyses confirmed this and additionally showed that PCI resulted in improved
survival [16, 17]. In their meta-analysis, Auperin et al. [16] showed a reduction
from 59% to 33% in the risk of brain metastases and an improvement of 3-year
survival from 15 to 21%. Although PCI has the potential of inducing neurotox-
icity, the avoidance of concomitant chemotherapy and use of low fraction dose
schedules have reduced this considerably. No increase in late neuropsychological
side effects was observed in randomized trials [13-15]. Another study revealed
that even with moderate neurotoxicity, PCI was still considered beneficial for
long-term survivors [18].

Some studies which evaluated the role of PCI also included some patients
with ES-SCLC with a complete response. However, only one study specifically
addressed this topic [19]. In this study performed within the European organi-
zation for Research and Treatment of Cancer (EORTC), patients with ES-SCLC
who had responded to chemotherapy were randomized between PCI or no
further therapy. Contrast-enhanced CT and/or MRI scan of the brain was not
required at baseline, but was only performed when signs and/or symptoms sug-
gestive for brain metastases were present. The use of PCI resulted in a reduction
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Table 1. Effect of prophylactic cranial irradiation on brain metastases-free survival, progression-
free survival and overall survival (adapted from Slotman et al. [19])

PClarm Controlarm HR(95% Cl) Significance
% %

1 year brain metastases-free survival 85.4 59.6 0.27 (0.16-0.44) p<0.001

6 months progression-free survival 234 15.5 0.76 (0.59-0.96) P=0.02

1 year overall survival 27.1 133 0.68 (0.52-0.88) P=0.003

of the risk of symptomatic brain metastases at 1 year of 40.4% in the control arm
to 14.6% in the patients which received PCI, corresponding to a hazard ratio of
0.27 [19]. In addition, the study showed a significant benefit of PCI for failure-
free and overall survival. Survival at 1 year from randomization, i.e. about 4
months after diagnosis, was 27.1% for the PCI group, compared to 13.3% for
patients in the controls arm (table 1) [19]. In this study, most patients received
a PCI scheme of 20 Gy in 5 fractions (66%), others received 25-30 Gy in 8-12
fractions. Treatment was well tolerated, with very few patients experiencing
grade 3 acute and/or or late toxicity. Although acute side effects resulted in nega-
tive influences on some quality of life scales shortly after PCI [20], there was
no overall effect in the analysis of global quality of life up to 9 months [19]. A
nationwide study in the United Kingdom recently showed that after the pub-
lication of the these study results, PCI is now routinely used in patients with
ES-SCLC who responded to chemotherapy in about 90% of the centers [21]. The
question of the optimal dose for PCI is unresolved. In LS-SCLC, a dose-response
relationship was reported up to (radiobiologically equivalent) doses of 30-35
Gy (in 2-Gy fractions), but not for higher doses, provided that radiotherapy was
started early after chemotherapy [22]. However, the results of a recent multi-
group study failed to show a significant benefit of PCI doses of 36 Gy, either
delivered in 18 daily fractions or in 24 twice daily fractions, over 25 Gy in 10
daily fractions [23]. The risk of brain metastases was 29% for the standard dose
and 23% for the higher dose group. Interestingly, the study showed an unex-
plained statistically significant higher rate of chest relapse (40% for the standard
dose and 48% for the high-dose arms) and poorer survival (42% for the standard
dose and 37% for the high-dose group).

In view of the short survival of patients with ES-SCLC, PCI schemes for this
group of patients should preferably be short. As the rate of extracranial progres-
sion is around 90% in these patients [19], in future studies, emphasis should pref-
erably be put on this rather than on the dose-response relationship for PCI in
ES-SCLC.
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Table 2. Summary of the results of the study by Jeremic et al. [24]

Distant Thoracic  Thoracic Overall survival Local relapse-free
response response radiotherapy survival
median 3years 5Syears median 3 years
% % %
CR CRorPR  yes 17 months 22 9 30 months 43
CR CRorPR  no 11 months 13 4 22 months 30
PR CR yes 8 months 3 0 12months 13
PR PR yes 6 months 0 0 12months 0

Thoracic Radiotherapy

Although thoracic radiotherapy has a definite role in the treatment of patients with
limited stage SCLC, in ES-SCLC it is has traditionally been reserved for patients
who need local palliation. The lack of interest in thoracic radiotherapy in ES-SCLC
can be attributed to the systemic nature of this disease and the rapid progression
rate in many patients. There is only one study in which the role of thoracic radio-
therapy in patients with ES-SCLC has been addressed systematically.

Jeremic et al. [24] treated 206 patients with 3 cycles of chemotherapy, consisting
of cisplatin and etoposide. Patients (n = 109) with a complete response at distant
sites and a complete or partial response in the thorax were randomized to either
chemotherapy alone or accelerated hyperfractionated radiotherapy. The radio-
therapy of 54 Gy in 36 fractions over 18 days was given concurrently with car-
boplatin and etoposide [24]. Thoracic radiotherapy was also given to all patients
who has a partial response at distant sites, without randomization. The use of tho-
racic radiotherapy in patients with a complete response at distant sites resulted in
a significant improvement of survival. Median survival was 17 months for patients
who received thoracic radiotherapy, compared to only 11 months for those who
only received chemotherapy [24]. Survival at 3 and 5 years was 22% and 9% for the
thoracic radiotherapy group and 13% and 4% for the chemotherapy-only group,
respectively (table 2) [24]. However, this single-center study alone has not resulted
in the routine use of thoracic radiotherapy in ES-SCLC.

The Dutch Lung Cancer Study Group has initiated a randomized controlled trial
of thoracic radiotherapy versus observation for patients with ED-SCLC who have
responded to chemotherapy. In this trial, patients (18-75 years age) with ES-SCLC
who have responded to chemotherapy and have a WHO score of 0-2 will be ran-
domized to receive thoracic radiotherapy plus PCI or PCI only. No strict response
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CREST study

Extensive stage SCLC
No evidence of brain or pleural metastases
Any response to 4-6 cycles chemotherapy

Randomize

No TRT TRT (10 x 3 Gy)

All patients will receive PCl

v

Survival (primary study endpoint)
Pattern of relapse
Toxicity

Fig. 1. Design of the CREST trial.

criteria are given, but the radiotherapy volume should be encompass able by accept-
able radiation fields to prevent excessive toxicity. The radiation scheme for thoracic
radiotherapy will be 30 Gy in 10 fractions. For PCI, radiation schemes of 20 Gy in
5 fractions and 30 Gy in 10 fractions can be used. The primary endpoints of this
study is overall survival. Secondary endpoints include pattern of relapse and toxicity
(fig. 1). In addition, the RTOG is planning a phase II trial to determine the role of
consolidation extracranial radiotherapy (thoracic and other extracranial metastatic
sites) alongside PCI after a response to systemic chemotherapy [pers. commun.].
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Controversies in the Treatment of
Advanced Stages of Small Cell Lung Cancer
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Abstract
Small cell lung cancer is a highly proliferative tumor with the potential of early hematogeneous
spread. At the time of first diagnosis more than 80% of patients present with distant metasta-
ses. Although response rate to chemotherapy is high with >50% confirmed objective responses,
the majority of patients relapse within several months after first-line chemotherapy. The combi-
nation of cisplatin plus etoposide has become standard chemotherapy. In contrast to early
stages, equal efficacy of cisplatin and carboplatin in combination with etoposide has been sug-
gested in advanced disease in two randomized trials in the 1990s. Newer agents like the topoi-
somerase | inhibitors topotecan and irinotecan have been investigated for first line treatment.
Two phase Il studies demonstrated similar efficacy of topotecan when compared to etoposide.
Results of first line therapy with irinotecan are more contradictory. A first trial demonstrated
superiority of irinotecan/cisplatin over etoposide/cisplatin in a Japanese population. However,
two subsequent North American phase Il trials showed equivalent efficacy. Recently a
Scandinavian phase lll trial found superiority of irinotecan/carboplatin over etoposide/carbopl-
atin. Prophylactic cranial irradiation (PCI) after first line chemotherapy has become standard of
care in advanced stages, because a randomized phase Il trial of the EORTC demonstrated a
survival benefit. Second-line therapy in relapsed disease improves survival. A randomized trial
showed similar efficacy of topotecan when compared to anthracyline containing chemother-
apy, with an improvement of cancer related symptoms in the topotecan arm.

Copyright © 2010 S. Karger AG, Basel

First-Line Chemotherapy

Chemotherapy is the treatment of choice in extensive disease small cell lung can-
cer (SCLC). Response rates are high with 50-90% of patients showing confirmed
partial or complete responses. Given the high probability of response chemother-
apy also is the first choice in individuals with superior vena cava syndrome.



In a meta-analysis containing 19 randomized trials with a total of 4054 patients
superiority of cisplatin over non-cisplatin-based chemotherapy had clearly been
shown [1]. Similar efficacy of carboplatin and cisplatin had been demonstrated
in two smaller randomized trials, which included unselected patients with SCLC
[2, 3]. Therefore, cisplatin or carboplatin plus etoposide have become standard
therapy and most groups administer 4-6 cycles of chemotherapy.

One of the most controversial questions in treatment of extensive disease SCLC
is whether or not modern topoisomerase-I inhibitors like topotecan or irinotecan
are superior to etoposide:

Two prospectively randomized phase III trials compared topotecan + ciplatin versus
etoposide + cisplatin. The North American trial randomized 784 patients to oral topo-
tecan + cisplatin versus intravenous etoposide + cisplatin. This trial showed noninferi-
ority of topotecan/cisplatin combination and a slightly but statistically longer PES with
etoposide/cisplatin [4]. The second study demonstrated a significant improvement of
response rate and progression-free survival in favor of intravenous topotecan/cisplatin;
however, overall survival analysis showed no difference between the arms. Hematologic
toxicity was higher in the topotecan arm [5]. Since no overall survival benefit could be
demonstrated topotecan has not become standard therapy in the first line.

The role of irinotecan in the treatment of SCLC is even more controversial at
the moment:

Initial evidence for superiority of irinotecan over etoposide came from a Japanese
randomized phase III trial, which was terminated early after an interim analysis showed
a benefit for combined irinotecan-cisplatin over etoposide-cisplatin [6]. Response rate,
progression-free and overall survival favored irinotecan therapy; however, because
this trial included only 154 patients and all patients were Asians, confirmatory studies
were initiated in the US and Europe. Both US studies compared various schedules and
doses of cisplatin-etoposide with cisplatin-irinotecan [7, 8]. Median survival, progres-
sion-free survival and response rates did not differ between the two arms in both tri-
als. One possible reason for contradictory results observed between the Japanese and
US trials, and the higher toxicity of irinotecan observed in the Japanese study might
be due to racial variations in the UDP-glucuronosyltransferase 1 leading to increased
concentrations of irinotecan and its metabolites in Japanese patients [9].

Two European trials have compared etoposide with irinotecan in combination
with carboplatin. Preliminary results of a phase IT European trial showed improved
progression-free survival in favor of irinotecan-carboplatin [10]. The final results
of the phase III trial will be available in 2009.

The binational, multicenter, randomized phase III trial performed in
Scandinavia compared intravenous irinotecan with oral etoposide both in com-
bination with carboplatin (area under the curve, 4) [11]. The primary end point
of the study was overall survival, and favored the irinotecan arm. Quality of life
analysis revealed a trend towards prolonged palliation in the irinotecan arm [11].
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A fundamental difference of the European phase III study compared with the
Japanese and US trials is that 47% of patients had a performance status >3 and 35%
were >70 years old. Conversely, in the Japanese trial and the US trial published
by Hanna et al. only included a highly selected patient population with a perfor-
mance status of 0-2 and the SWOG study included patients with a performance
status of 0 or 1 [6-8]. The use of oral etoposide and the dose reductions in selected
patients represent limitations of the study. Well-known interpatient variations
in bio-availability, pharmacodynamics as well as compliance for oral etoposide
might lead to underdosing or significant toxicity in certain patients. Therefore,
oral etoposide cannot be recommended for first-line therapy and neither as an
ideal control arm for a randomized trial [12]. In addition, 33% dose reduction was
performed in all patients with a performance status >3 or age >70 years, which
might represent underdosing in the control arm; however, it has been established
that elderly patients tolerate chemotherapy similar to younger patients, and gener-
ally accepted reasons for dose reductions are comorbidity and poor performance
status only.

Taking into account the weaknesses of this trial and the results of the US trials
- neither of which could confirm the Japanese data - substitution of etoposide by
irinotecan can not be recommended at this time. The final results of the second
European trial are awaited.

For years the question of dose escalation had been a matter of debate in SCLC.
Finally a randomized trial comparing conventional chemotherapy to high-dose
chemotherapy supported by autologous stem cell transplantation could not show a
benefit from dose escalation [13].

Prophylactic Cranial Irradiation after First-Line Chemotherapy

The randomized phase III trial performed by the EORTC (08993-22993) com-
pared prophylactic cranial irradiation (PCI) to observation in patients with stable
disease or response to first line chemotherapy. PCI was associated with a signifi-
cantly reduced risk to develop symptomatic brain metastases and with an improved
survival for the PCI group. One-year survival after randomization was 27.1 versus
13.3% (p = 0.003) [14]. Therefore PCI has become standard therapy for patients
with disease stabilization or remission after first line chemotherapy.

Second-Line Chemotherapy

Most patients with SCLC extensive disease will progress shortly after the end of
chemotherapy. In case of disease progression within 3 months after the end of
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first-line therapy efficacy of second-line therapy is rather low and the disease is
usually termed ‘refractory’. If progression occurred 3 or more months after che-
motherapy the disease is usually called ‘sensitive. Sensitive disease is associated
with a higher response rate to subsequent therapy.

Various studies investigated topotecan for second-line therapy. Topotecan
showed similar activity when compared to an anthracycline-based therapy in
patients with sensitive disease. Response rates and survival analysis were similar in
both arms, however, symptom control assessment favored topotecan [15].

Another phase III trial compared second line therapy with oral topotecan to
best supportive care. This study showed a survival benefit in favor of oral topote-
can although the response rate was 7% only [16].

Therefore topotecan or anthracycline-based combination chemotherapy has
become the standard of care for patients with acceptable performance status in the
second-line setting.

Re-treatment with first-line regimen is recommended in the rare situ-
ation of patients with progression more than 6-12 months after first-line

chemotherapy.
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Abstract
Study on the use of complementary and alternative medicine (CAM) in lung cancer patients
has been widely neglected. Therefore, we initiated a study on the use of CAM in lung cancer
patients in addition to radiation treatment. Overall, 120 patients from 3 institutions were
interviewed by a standardized questionnaire. Besides the tumor parameters and the use of
CAM, the reason for the use, patient information of the medication, the information sources
and the subjective condition of the patient. Altogether, 54% of the patients reported using
CAM (66% of female patients, 52% of male patients). The most frequently used CAM measures
were vitamin combinations (17%), mistletoe (15%), and selenium (12%). A total of 52%
reported the wish to support the tumor treatment as a reason for using CAM and 27% had a
‘better feeling’ using CAM. 50% of CAM was bought by the patients themselves and 50% were
prescribed by their family physicians. The use of CAM is frequent in lung cancer patients. Our
results suggest that it is very important to obtain information on the CAM use of patients and,
particularly in controlled clinical trials, to prospectively document it.

Copyright © 2010 S. Karger AG, Basel

Lung cancer ranks 3rd of the most frequent tumor diseases in men and women in
Germany. In death statistics, it ranks place 1 in men and place 3 in women, reflect-
ing the overall persistently devastating prognosis of the patients. About 45,000
new patients per year are diagnosed with lung cancer in Germany [1].



In recent years, complementary and alternative medicine (CAM) has experi-
enced an increasing popularity in particular among patients with life-threatening
diseases such as cancer [2-6]. Therefore, as Burstein [7] already stated in 2000 in
the Journal of Clinical Oncology, the use of CAM has become the norm in most
tumor patients. Patients with lung and other poor-outlook cancers are particularly
vulnerable to heavily promoted claims for unproved or disproved alternatives or
complements to conventional tumor treatment [8].

The difference between ‘complementary’ and ‘alternative’ therapies is impor-
tant and essential to recognize [8], because it can have far-reaching consequences
for the patient.

Complementary and alternative medicine was defined by the US National
Center for Complementary and Alternative Medicine (NCCAM) as diverse medi-
cal and health care systems, practices, and products that are not presently consid-
ered to be part of conventional medicine [9].

To define CAM more specifically, complementary medicine is used together with
conventional medicine (also termed mainstream, orthodox, or regular medicine).

In contrast, alternative medicine is considered to replace conventional medicine.
Other terms for CAM used in the medical literature include unconventional, non-
conventional, unproven, or irregular medicine [9, 10]. Alternative therapies are
typically promoted as literal, viable options for cancer treatment. Unfortunately,
these are unproven products and regimens, often completely ineffective against
cancer, that draw patients with unsubstantiated, often fanciful, claims of easy cure
[8]. This is especially problematic in oncology, when delayed treatment can dimin-
ish the chances of remission and cure [11].

Over time, some complementary therapies are proven safe and effective.
These become integrated into mainstream care, producing integrative oncology,
a synthesis of the best of mainstream cancer treatments and rational, data-based,
adjunctive complementary therapies [8]. Such an integration is currently evolving
more and more [4, 13-15].

Most complementary therapies are not specific to a particular cancer diagnosis.
Instead, they are used typically to treat symptoms shared by patients across most
cancer diagnoses [8]. Most CAM practices can be loosely grouped into five cat-
egories according to the National Institutes of Health (NIH) National Center for
Complementary and Alternative Medicine (table 1). The therapies in these catego-
ries are quite mixed; some are helpful, others are humbug. There is also consider-
able overlap among the categories. For example, traditional Chinese medicine uses
biologically active botanicals and acupuncture. Yoga has mind-body and manipu-
lative components and Ayurvedic principles in theory. Some interventions, such
as music therapy, do not fit easily into a category [9, 16].

Wherever CAM is provided and used, it is essential to know which interven-
tions work, which do not work, and which are likely to be harmful [16].
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Table 1. Categories and examples of complementary and alternative therapies according to the
National Center for Complementary and Alternative Medicine (NCCAM) [9]

Category Examples

Biologically based practices herbal remedies, vitamins, other dietary
supplements

Mind-body techniques meditation, guided imagery
Manipulative and body-based practices massage, reflexology

Energy therapies magnetic field therapy

Ancient medical systems traditional Chinese medicine, Ayurvedic

medicine, acupuncture

In oncology centers worldwide (including developing countries), the frequen-
cies of CAM use vary between 32 and 83% [2, 3, 6, 18-21]. Breast cancer patients
are most likely to use CAM compared to other tumor diagnoses [2, 3, 6, 10, 12, 18,
21, 22].

However, the CAM use in lung cancer patients has been widely neglected up
to now. We could identify in Medline (Pubmed) just a single study focusing com-
plementary and alternative medicine in Lung cancer patients [23]. The relation
between radiotherapy and complementary and alternative therapies has been not
examined until now.

Therefore, the German Working Group Trace Elements and Electrolytes in
Radiation Oncology — AKTE initiated an explorative study on the use of CAM in
lung cancer patients in addition to radiation treatment.

Methods

The study population consisted of 120 patients with histologically confirmed lung cancer (non-
small cell lung cancer) from three different institutions in Germany (one university hospital
and three community hospitals) referred for curative (n = 42) or palliative radiotherapy (n =
78). There were 38 female and 72 male patients. The median age was 57 years (range: 32-81
years).

Patients with a Karnofsky performance status (KPS) of less than 70% were excluded from
the study, since they were not considered to be fully independent in their medical decisions.

The study was conducted as a semistructured face-to-face interview based on a standardized
questionnaire checklist, which was based on the experiences of other studies [10, 21].

Patients were interviewed before the beginning of radiation treatment by an experienced
staff member. Study participants were classified as either CAM users or CAM nonusers
according to whether or not they had used at least one CAM therapy during the past 4 weeks.
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Fig. 1. Percentage of the most frequently used CAM therapies (percentage of all therapies
reported).

Demographic variables included age, gender, highest educational degree, smoking, and
alcohol drinking habits. The histology of disease, stage, and specific characteristics of the
primary tumors and metastases, as well as current and previous treatments, were also recorded.

Besides the reason for the use, information on the receipt of the medication, the information
sources and the subjective condition under CMA treatment were interrogated.

Results

All study patients suffered from a non-small cell lung cancer with the following
tumor stages: stage II, 18; stage III, 60; stage IV, 42.

Altogether, 54% of the patients reported using CAM (66% of female patients,
52% of male patients). The most frequent used CAM measures were vitamin com-
binations (17%), mistletoe (15%), selenium (12%), other trace element combina-
tions (8%), prayer (6%), thymus preparations (5%), homeopathy (3%) and other
physical treatment (3%) (fig. 1).

The multivariate analysis (logistic regression) revealed a statistical significant
correlation of CAM use to more advanced tumor stage, treatment intention (cura-
tive/palliative) female gender, higher education, smoking and drinking behavior.

Simplified it can stated that the typical CAM use is a young female nonsmok-
ing patient, with a more advanced disease, and higher educational level without
alcohol consumption.
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A total of 52% reported the wish to support the tumor treatment as a reason for
using CAM and 27% had a ‘better feeling’ using CAM.

Half of CAM was bought by patients themselves and 50% were prescribed by
their family physicians. Sources of CAM supply predominantly were pharmacies
and drugstores. Information sources were mostly the family physician (46% of the
cases) and other patients or local cancer support groups (24% of cases).

Opverall, 55% of patients described an improvement of their subjective condi-
tion after using CAM.

Discussion

In general, the use of CAM in lung cancer patients has been widely neglected up to
now. We could identify just one study in literature which had concentrated on this
topic [23]. They studied the use of CAM to control symptoms in 189 women living
with non-small cell lung cancer. Forty-four percent of patients (84 women) used
CAM therapies. Women who were younger, experienced more symptoms, and
lived on the West Coast or South (versus Northeast) were more likely to use CAM.
The CAM therapies used were predominantly prayer (34.9%) and meditation
(11.6%), which is very different to our results in German patients. This marked
difference once again clearly manifested the different spiritual and socioreligious
background of patients in Europe, in particular Central Europe, and the United
States. This distinct sociocultural imprint makes it very difficult and sometimes
impossible to compare results on CAM use, notably spiritual ones between the
different continents [24-26].

The use of CAM therapies in Lung cancer patients is generally disregarded and
often estimated to be very low [4]. The frequency is often compared to head and
neck cancer patients concluding from the similar risk factors and the similar gen-
der distribution to be 10-30%. Our study exhibited a CAM use of more than 50%
of patients, which is far higher than expected and must not be ignored.

On the other hand, expectations towards CAM are quite high. Patients hope
to improve their quality of life, alleviate symptoms, prolong life, cure their dis-
ease and boost their immune system [7]. But the promised positive effects are
mostly not proven and the proposed underlying molecular mechanisms are com-
monly mere speculation, making CAM therapies unattractive for academic clini-
cal research. Additionally, self-treatment is most often not reported by the patients
or verbalized by the treating oncologist, although it is very common among cancer
patients. Consequently, there is only limited information about the type of CAM,
the frequency of use, the source and the expenses as well as the patients’ attitudes
and beliefs about such therapies [10]. Multivariate analysis revealed age, gender,
stage, disease extent as well as educational level, smoking and drinking behavior
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to be relevant predictors for CAM use. These findings also reflect clinical expe-
rience that younger patients with progressive disease and poor prognosis apply
‘every method available’ [19]. Several studies support these findings [2, 3, 10, 12,
16-21].

Using a semiquantative, nonvalidated subjective score, an improvement in
quality of life was claimed by 55% of all patients, most frequently by supplementa-
tion with vitamins, selenium and mistletoe preparations. Comparable beneficial
effects were also reported in other studies [19, 27, 28]. However, it is important to
mention that there are also studies demonstrating the negative effects of CAM use,
including depression, anxiety and lower quality of life [2, 29].

Although side effects were seldom reported and most CAM therapies can be
regarded as harmless, potentially perilous CAM-drug interactions can occur [17,
30-33]. The concurrent use of antioxidants can diminish or enhance the effects of
chemotherapy [33-35]. Excessive consumption of vitamins A, D and By, zinc and
selenium can lead to increased toxicity, e.g. skin sensitization during radiotherapy
or blood pressure swings [36, 37]. With regard to herbal remedies patients are
often not aware that due to the lack of quality control these natural drugs contain
different, not documented chemicals, in varying amounts [38].

Therefore, the responsible physician must be aware of these possible interac-
tions and, in case of doubt, replace or stop the CAM treatment as necessary.

Remarkably, the growing role of the internet as an information source on CAM
is under-represented with only 8% internet use. However, in light of the growing
interest of laypersons concerning the use of the World Wide Web as an informa-
tion source on CAM, it is imperative to ameliorate the quality of health informa-
tion for consumers on the World Wide Web, because it seems to become the major
information source of the 21st century [39, 40].

Conclusions

Complementary therapies have an increasingly important role in the control of
symptoms associated with cancer and cancer treatment [2].

The use of CAM is more frequent in lung cancer patients than expected [21].
Therefore, it important to take the possibility of a covert CAM use into account
when treating lung cancer patients.

Nota bene, it is fundamental to identify these patients in order to avoid interac-
tions with conventional treatment schedules, wasting time and money, and get-
ting a bias in clinical trials, in addition to giving the support that patients request.
Only with detailed knowledge about the effects, side effects, safety, indications,
efficacy, needs, and cost-effectiveness balance of CAM can oncologists give their
patients the information they expect, and prevent patients having to depend upon
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unqualified sources. To evaluate the value or potential hazards of such treatment,
further studies are clearly warranted.
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