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Introduction

Lung cancer is the most common cancer
worldwide. In 2008, the number of incident
cases was estimated to be around 1.6 million
(13% of all incident cancers). Mortality is high
with 1.4 million of deaths the same year (18%
of all deaths from cancer) (www.globocan.iarc.fr).
Overall, survival rate at 5 years is <20% but
heterogeneity is important and the search for
prognostic factors has led to the publication of
an impressive number of papers. However,
due to the design and often retrospective
nature of prognostic factors studies, few of
these factors can really be used in routine care
to guide management and to determine pro-
gnosis. More recently, with the development of
so-called targeted therapies, more and more
attention has been paid to the identification of
predictive factors that might be better tools to
guide therapy.

In the present paper, we will review how
prognostic and predictive factors are different
and how they can be identified. We will also
present some well-known and important
factors although we will not attempt at all to
make an exhaustive report. This is virtually
impossible; in 2002, BRUNDAGE et al. [1], in a
systematic overview of prognostic factors for
non-small cell lung cancer, identified 887
articles published during a decade and more
than 150 possible prognostic factors for non-
small cell lung cancer.
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cancer

Prognostic versus predictive
factor

A prognostic factor is generally defined as a
factor, measured before treatment, that has
an impact on a patient’s outcome “indepen-
dently” of received treatment or of the
general class of treatment. Populations of
patients used for prognostic factors identifi-
cation may be very broad (from resected
stage | patients to stage IV patients scheduled
to receive chemotherapy) or more specific
such as patients treated with radical radio-
therapy or stage Il patients. Outcome is most
often defined as overall survival but other
outcome measures may be used, such as
progression free survival, response to the anti-
tumoural treatment as well as disease-free
survival rate or proportion of patients alive at a
specific time point.

A predictive factor is a factor expected to
be able to identify patients who will benefit
from a specific treatment. The hypothesis that
treatment effect is only subject to random
variation does not hold any more. If a
predictive factor is validated for a particular
treatment, it will obviously guide therapy.

Figures 1-3 illustrate schematically the
difference between a prognostic and a predictive
factor using a binary outcome for the ease of the
graphical representations although time-to-
event variables are obviously more interesting
when the search for prognostic or predictive
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factors is done. The same characteristic may be
both a prognostic and a predictive factor.

A famous example of predictive factor is
the HER2 status for breast cancer, a factor
predicting response to trastuzumab, which
has been used for >10 years to guide breast
cancer treatment [2]. This targeted agent has
indeed revolutionised the management of
HER2+ breast cancer that was associated
with a poor prognosis.

These definitions have implications on
the design of studies to be carried out to
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identify and/or to validate a prognostic factor
or a predictive factor. Indeed, prognostic
factors can be studied using patient cohorts,
prospectively or retrospectively as the treat-
ment administered does not truly matter even
if sometimes, authors try to consider series of
patients having been treated with a similar
strategy. For predictive factors, the situation
is totally different: one has to prove that patients
bearing a specific characteristic respond better
or benefit better from one treatment compared
to another one. Therefore, before having a
predictive factor useful to guide therapeutic
choice in clinical practice, validation of the
predictive ability needs to be reached using data
from randomised clinical trials. A retrospective
validation planned using the databases of
randomised clinical trials might however be
considered provided that some conditions are
met like the availability of the data for almost all
patients, the existence of a prespecified hypoth-
esis regarding the effect of the treatment
stratified by the levels of the predictive factor,
the a priori existence of an analysis plan, a priori
agreement on how to measure the predictive
factor (in case of a biological covariate, a
standardised assay and scoring method should
exist) and upfront and justified sample size.
These last conditions should also be met when
validating a prognostic factor. Some designs for
validating predictive factors have been pro-
posed. Basically, true validation trials need to
randomise both patients harbouring or not the
putative predictive factor and to show absence
of treatment effect in one group and presence of
treatment effect in the other group using either
separate analyses or an analysis testing inter-
action between the marker and the tested
treatment. However, enriched designs can be
used to demonstrate an effect in one selected
subgroup. The choice between all-comers
designs and enriched designs needs to be
carefully made depending on the existence of
strong biologically founded assumptions, the
existence of an assay to accurately measure the
marker, the knowledge of a threshold to define
marker positivity as well as the prevalence of the
marker. We suggest to the reader interested in
the methodology of predictive factors validation
to read references [3-5].

Prognostic factors

For decades, two general entities were
distinguished among lung cancer: small cell




lung cancer, around 15% of all lung cancers
[6], almost never surgically treated, and non-
small cell lung cancer.

Non-small cell lung cancer

The staging of cancer is one of the most
reproducible prognostic factors with the TNM
classification based on tumor size (T), nodal
(N) and metastatic (M) involvement. The TNM
system was first described by DENoOIX (1946)
and successive TNM classifications for malig-
nant tumors has been published since 1968 by
the Union for International Cancer Control
(UICC). The 7th edition integrates the changes
proposed by the International Association for
the Study of Lung Cancer (IASLC) [7] thanks to
the analysis of a retrospective worldwide data
base of 17,726 patients (training set) and a
careful statistical analysis using recursive
partitioning and amalgamations algorithms.
The staging system is described in table 1 and
the stage is one of the most used factors to
guide therapy. According to the clinical stage,
the survival rates at 5 years range from 50% for
stage la to 2% for stage IV while, if the
pathological stage is used, a 73% rate of
survival at 5 years is observed for stage la
decreasing to 13% for stage IV (table 1). Stage
is a powerful prognostic variable summarising
the information included in the three sepa-
rate factors: T, N and M. Of course, taken
separately, these factors are prognostic factors:
an increasing tumour size worsens prognosis
and the lymph node involvement is per se a
major prognostic characteristic which has also
an impact on the possibility of surgical
treatment (N3 involvement being generally a
contraindication to surgery). Pleural dissemi-
nation is a negative prognostic feature and,
from the 7th edition, a patient with pleural
dissemination is now considered Mia [7]. In
metastatic patients, a single metastatic site is
less detrimental than multiple metastases [8].

Classical host-related and tumour-related
factors

The second most reproducible prognostic
factor, also very useful to guide therapy is
performance status measured on the Karnofsky
scale or on the Eastern Cooperative Oncology
Group (ECOQ) scale although its value has
mostly been demonstrated for non-resected
patients [6, 8]. Therefore, some authors have
argued that chemotherapy for stage IV patients
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Prognostic and predictive biomarker.

should be limited to patients with ECOG
performance status o or 1 [9]; however, other
publications suggest that some patients with
PS 2 may also benefit from treatment [10].

Female sex is also a quite reproducible
factor and this has recently been confirmed by
a meta-analysis [11]. The authors selected 39
studies having included 86,800 patients; these
studies were heterogeneous in terms of stage,
histology, geographic origin, treatment distri-
bution and covariates used for adjustment.
The authors combined extracted hazard ratios
from both univariate and multivariate ana-
lyses. The conclusions were similar with
combined hazard ratios in favour of women
(respectively 0.79 and 0.78; both p<0.0001).

Histology may be an independent prog-
nostic factor although it has not been shown
to be highly reproducible except for the fact
that tumours with neuroendocrine character-
istics have worst prognosis [8].

In resected patients, age does not seem to
be a major prognostic factor [6]. Histology
may play a role in outcome: a large Norwegian
population based study (n=3,211 resected
patients) suggested that adenocarcinoma
and large cell histology might be of worse
prognosis [12]. The histological classification
has been recently reviewed: an Australian team
showed on a retrospective series of 210
resected patients with adenocarcinoma (stage
[-111) that subtype might be of prognostic
importance with very good prognosis for
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Table 1. TNM classification (UICC, 7th edition, [7])

Stage T N M cTNM s5Y pTNM s5Y c HR p HR

(¢} Tis No Mo

1A Tia, T1b No Mo 50% 73%

IB T2a No Mo 43% 58% 1.19, p=0.004 1.55, p<0.0001

A Tia, T1b, T2a, T2b N1 No Mo Mo 36% 46% 1.23, p=0.002 1.44, p<0.0001

11B T2b, T3 N1 No Mo Mo 25% 36% 1.46, p<0.0001 1.29, p<0.0001

1A T1, T2, T3, T4 N2 N1,2 Mo Mo 19% 24% 1.27, p<0.0001 1.47, p<0.0001
No,1 Mo

I11B T4, any T N2 N3 Mo Mo 7% 9% 1.54, p<<0.0001 1.79, p<0.0001

% Any T Any N Mia, 2% 13% 1.64, p<0.0001 0.86, p=0.10

M1b

T: tumour size (T1: <3 cm without bronchoscopic evidence of invasion more than proximal than the lobar bronchus; Tia: T1 <2 cm; Tib: T1 >2 cm
and <=3 cm; T2: >3 cm and <7 cm or invasion of main bronchus, visceral pleura or associated with atelectasis or obstructive pneumonitis that
extends to hilar region without extending to the whole lung; T2a: >3 cm and <5 cm; T2b: >5 cm and <7 cm; T3: >7 cm or invasion of chest wall,
diaphragm, phrenic nerve, mediastinal pleura, parietal pericardum or tumour in the main bronchus without involvement of the carina or associated with
atelectasis or obstructive pneumonitis that extends to the whole lung or separate tumour nodule in the same lobe; T4: tumour of any size with invasion
of mediastinum or heart or great vessels or trachea or recurrent laryngeal nerve, oesophagus, vertebral body, carina or separate nodule in a different
ipsilateral lobe). N: regional lymph node (No: no regional lymph node metastasis; N1: metastasis in ipsilateral peribronchial and/or ipsilateral hilar
lymph nodes and intraplumonary node; N2: metastasis in ipsilateral mediastinal and/or subcarinal lymph node; N3: metastasis in contralateral
mediastinal, contralateral hilar, ipsilateral or contralateral scalene or supraclavicular lymph nodes). M: distant metastasis (Mo: no distant metastasis;
M1: distant metastasis; M1a: separate nodules in a contralateral lobe, tumour with pleural nodules or malignant pleural or pericardial effusion; M1b:
other distant metastasis). cTNM s5Y: rate of survival at 5 years when stage is clinically assessed; pTNM 5Y: rate of survival at 5 years when stage is
pathologically assessed; cHR: hazard ratio for comparing overall survival of that clinical stage to the nearest less severe stage (for example cIB versus clA

or cllIB versus clllA); pHR: hazard ratio for comparing overall survival of that pathological stage to the nearest less severe stage.

adenocarcinoma in situ, minimally invasive
adenocarcinoma and lepidic-predominant adeno-
carcinoma whereas micropapillary-predominant
and solid with mucin-predominant adenocarci-
nomas could be associated with particularly poor
survival [13].

Similarly, in the very large series collected
by the IASLC Lung Cancer Staging Project, an
analysis carried out on 9,137 patients, showed
statistical significance for histology after adjust-
ment for stage, age and sex with the following
hazard ratios: adenocarcinoma versus bronchio-
loalveolar carcinoma (BAC): 1.35 (although BAC
does not exist anymore in the new classifica-
tion); squamous versus adeno: 0.86; and large
cell versus squamous: 1.16 (all p<o0.001) [14].
Haemoglobin level (<12 g-dL") might be
associated with a higher mortality and pre-
operative high Cyfra 211 level has been
associated with higher risk of relapse [14].
Blood vessel invasion is associated to an
increased risk of relapse and death as shown
by a meta-analysis (multivariate combined
hazard ratio for relapse free survival 3.98 (95%
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Cl 2.24-7.06) and for survival 1.90 (95% ClI
1.65-2.19)) [15].

Surgical procedures more extended than
lobectomy might also be indicative of a poor
prognosis but this variable might just be
correlated with other factors that led to the
decision of the type of surgery [12]. Alternatively,
restrictive procedures may be not enough.

In more advanced non-resectable disease,
a younger age might be a feature of better
prognosis although competing risks might
have a higher impact on mortality in older
patients. Among routine biological parameters,
normal leukocytosis and normal neutrophil
count, lactate dehydrogenase (LDH) level,
calcaemia, haemoglobinaemia and albuminae-
mia have been identified as favourable inde-
pendent prognostic factors. A meta-analysis of
individual data showed that Cyfra 21-1 level has
also an independent prognostic value [16];
anaemia was also shown as an independent
prognostic factor in patients with cancer,
especially in patients with lung cancer in a
systematic quantitative review [17].




Other biomarkers

There are plenty of publications in the
literature about biological markers not mea-
sured routinely in clinical practice. Most often,
these factors are not reproducible and their
prognostic independent value is not proven,
with adjustment for well-known prognostic
factors. We will cite only those that have been
studied with meta-analyses or pooled analyses
of selected trials, although published data
generally do not allow the study of the
independent value of the possible prognostic
marker. The following features have been
suggested to be associated with a more
favourable prognosis: p53 normal status [18];
no EGFR expression [19]; low microvessel
count [20]; low VEGF expression [21]; no
overexpression of c-erbB-2 [22] with an effect
possibly restricted to non-squamous histology
[23]; Bcl-2 expression [24]; low KI67 expression
[25]; absence of KRAS mutation [26]; TTF-1
positivity [27]; high level of p16 expression [28];
low or no ERCC1 expression (advanced NSCLC
treated with platinum-based chemotherapy)
[29]; low class Il B-tubulin expression, in
resected patients [30]; low survivin expression,
in resected patients only [31]; and low lympha-
tic microvessel density, in surgically treated
patients [32]. Regarding the prognostic value
of angiogenesis, microvessel count was con-
firmed as prognostic factor in a meta-analysis
based on individual data, only if assessed by
the Chalkley method [33].

Metabolic factors

Numerous studies have looked at the prog-
nostic value of tumor metabolic activity as
measured by [F]-fluoro-2-deoxy-p-glucose posi-
tron emission tomography. These studies
have been meta-analysed and this review has
shown that high metabolic activity is indeed an
univariate prognostic factor (estimated hazard
ratio of 2.08). The independent value remains
to be proven and the conclusion holds mainly
for limited tumours as few stage IV patients
were included in the published studies [34].

Prognostic classifications

Some prognostic classifications have been
published [35, 36], integrating several indepen-
dent classical prognostic factors but they need
to be validated before being used in clinical
practice. If validated, they could serve as
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standard covariate for adjustment in the search
of further clinically useful factors. In resected
patients, some publications have looked at
genetic signatures, most often using small-to-
moderate series of patients divided into training
and validation sets. They provide however very
promising results. For example, on resected
patients, CHEN et al. [37] derived a five-gene
signature with impressive hazard ratio between
low- and high-risk patients: 3.36 for overall
survival (95% Cl 1.35-8.35; p=0.009) in the
validation series (n=86). ZHU et al. [38]
published a 15-gene signature with a larger
effect in resected patients, independent from
stage with an overall HR of 15.02 (95% Cl 5.12—
44.04) with consistent results in stage | and
stage Il. Although very interesting and promis-
ing, the additional prognostic value should be
validated with adjustment for classical prog-
nostic factors. Multiplicity testing and over-
fitting may prevent reproducibility of the models
in external validation series. Those signatures
are not ready for use in clinical practice.

Small cell lung cancer

Small cell lung cancer is a highly chemosen-
sitive tumour but progression-free survival
and overall survival remain extremely poor.
Long-term survival is rare and cure rate is
reached in <5% of the patients [6]. For years,
treatment of small cell lung cancer has been
guided by the extension of the disease: limited
disease (generally defined as a disease limited
to the hemithorax of origin, the mediastinum
and the supraclavicular lymph nodes which
can be encompassed in a radiation field) versus
extensive disease. Respective median survival
times range within 15—20 and 8-13 months
[39]- Recently, within the IASLC Lung Cancer
Staging Project, data concerning 12,620 small
cell lung cancer cases were collected and
complete clinical TNM staging was available
for 3,430 cMo patients as well as complete
pathologic TNM staging for 343 cases. On that
series, it has been shown that increasing T is
associated with progressively lower survival as
well as increasing N and increasing stage (6th
and 7th editions) although the numbers of
patients staged IA, IB, IIA were quite small
[40]. The revised staging system was also
tested on a larger Surveillance, Epidemiology
and End Results (SEER) series of 4,334
patients diagnosed between 1998 and 2000.
Median survival times in months were the
following: 1A: 26; IB: 21; [IA: 15; 11B: 12; 111A: 13;
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I1IB: 11; and IV: 6. The authors concluded that
the TNM stage should be used to stratify
in clinical trials patients with stages I-IIl.
Similarly to non-resected non-small cell lung
cancer, performance index is also a reprodu-
cible factor [8]. Among other classical factors
easily measurable in routine, female sex,
younger age, no or low weight loss, low LDH
level, normal neutrophil count, normal hemo-
globinaemia, as well as normal levels of NSE
and CYFRA 21-1 have been mentioned as
independent favourable prognostic factors [8].
Some authors also suggested that disease
extent could be replaced by several laboratory
parameters (albuminaemia, natraemia and
level of alkaline phosphatases) [8]. Other
parameters from molecular biology like BCL2
expression, ps3 normal status or no over-
expression of HER2 [23] have been suggested
but evidence is less clear. Four different
collaborative research groups attempted to
construct prognostic classifications making
use only of independent prognostic factors
[41]. Those prognostic classifications, although
including different covariates, were recently
validated using external data and can be used
in clinical trials for stratification purposes. For
example, the one published by the ELCWP has
four groups distinguished by Karnofsky perfor-
mance index, sex, disease extent and neutro-
phils count. In the validation series, the four
groups had respective median survival times of
19, 11, 7 and 6 months [41].

Predictive factors

Development of targeted therapies is evolving
rapidly for non-small cell lung cancer. With the
term ‘“‘targeted therapies”, we mean a treat-
ment that is supposed to target a specific
characteristic of the tumour. This specific
target is expected to be a predictive factor.
Most of the research carried out on predictive
factors in lung cancer has been devoted to
non-small cell lung cancer and we will restrict
this review to non-small cell lung cancer.

But the recognition and identification of a
predictive factor is not so straightforward and
some new drugs have been developed without
specifically knowing the target or without
having available a method to measure the
target with adequate reproducibility. Most of
the predictive factors are molecular biological
factors but this is not always the case. Indeed,
histology which has not been proven to be a
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strong independent and reproducible prog-
nostic factor, is predictive of the benefit of
pemetrexed in non-squamous non-small cell
lung cancer, irrespective of the setting; peme-
trexed combined with cisplatin versus cisplatin
gemcitabine in chemo-naive patients, mainte-
nance pemetrexed versus placebo and peme-
trexed versus docetaxel in second-line treatment.
In each of three randomised phase-lll studies, a
treatment interaction effect with histology has
been identified [42].

EGFR and TKIs

Tyrosine-kinase inhibitors (TKI) targeting
EGFR, such as gefitinib and erlotinib, have
been first tested in randomised clinical trials
without patient selection in addition to che-
motherapy, in chemotherapy-naive or untreat-
ed patients [43—45]. They failed to show any
benefit of the TKls, although some clinical
factors were suggested to be predictive of
benefit: Asian, female sex, non-smoking sta-
tus, non-squamous histology. The true pre-
dictive factor was identified later [46]; the
subgroup of patients who benefit in terms of
progression-free survival from TKls were those
with somatic mutations in the EGFR gene
(exons 19 and 21). Further studies, either
subgroups analyses of the first randomised
trials or randomised trials having used of an
enrichment design (i.e. a design in which only
patients harbouring the predictive character-
istic are eligible for the trial) have undoubtedly
proven that patients with EGFR mutation
benefit from TKls in terms of progression-free
survival although the benefit on overall survi-
val is less clear. So, EGFR has become the first
molecular target in advanced non-small cell
lung cancer that is definitely of clinical
usefulness in routine practice [47-53]; it is
now a standard treatment to give patients with
EGFR mutation a TKI as part of their first-line
treatment although there still remains a role
for chemotherapy [54].

KRAS and TKIs

The KRAS pathway links the EGFR pathway
to cell proliferation and survival and KRAS
mutations have been suggested as a mediat-
ing resistance to EGFR mediators. A retro-
spective analysis of the BR.21 trial [55], as well
as a meta-analysis, confirmed that presence of
KRAS mutation is a negative predictive factor
for benefit of TKls in advanced non-small cell




lung (HR of 1.97, 95% Cl 1.16-3.33 for KRAS
mutated tumours, HR of 0.79, 95% Cl 0.59—
1.05 for wild-type tumours; p-value for interac-
tion 0.003) [56].

EML4-ALK and crizotinib

The fusion between echinoderm microtubule-
associated protein-like 4 (EML4) and anapla-
sic lymphoma kinase (ALK) has been recently
identified in a subset of non-small cell lung
cancers. EML4-ALK is most often found in
never-smoking patients with lung cancer. Its
expression is mutually exclusive from expres-
sion of KRAS and EGFR; it has no prognostic
value but it is a predictive factor for efficacy of
the ALK inhibitor crizotinib. Early trials with
crizotinib led to approval of crizotinib but
confirmatory trials are still ongoing [57, 58].

Vascular endothelial growth factor recep-
tors: VEGF and VEGFR-2 were investigated as
predictive biomarkers in the BATTLE study
(Biomarker-Integrated Approaches of Targeted
Therapy for Lung Cancer Elimination). Patients
heavily pre-treated were investigated for 11
biomarkers and four different targeted treat-
ments. The predictive value remains to be
further investigated [59].

Predictive factors for chemotherapy
activity

Although chemotherapy drugs have not been
developed with the hypothesis of the existence
of a molecular characteristic to target, some
studies have also searched to identify pre-
dictive factors that might be useful in the
choice of a chemotherapy regimen. These
studies are extremely important as chemother-
apy remains a cornerstone in the treatment of
early or advanced non-small cell lung cancer.

ERCCi1 and p27 and adjuvant cisplatin-
based chemotherapy in completely
resected patients

Adjuvant chemotherapy provides a demon-
strated benefit in overall survival when given to
resected patients but brings also some toxi-
cities. It was hypothesised that not all patients
benefit from adjuvant chemotherapy and
some biomarkers have been studied in order
to identify subgroups of sensitive patients.
Among them, ERCC1 has been tested and it is
suggested that patients with low or no ERCC1
expression do benefit from chemotherapy (HR
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0.65, 95% Cl 0.50-0.86) while those with high
ERCC1 expression do not benefit at all (HR 1.14,
95% Cl 0.84-1.55) with a significant interaction
test showing that chemotherapy effect is indeed
not the same across the two subgroups [60].
A recent meta-analysis [61] also comes to
the same conclusion, although through in-
direct comparisons, that patients treated with
cisplatin-based chemotherapy and high ERCCa
expression have worse survival than patients
with low expression of ERCC1 (HR 1.61, 95% Cl
1.23—2.10) while this is not true when no chemo-
therapy is given (HR 0.80; 95% Cl 0.51-1.31).
A retrospective analysis of the IALT trial
suggests that p27 negative characteristic may
also be a predictive factor of benefit from
cisplatin-based adjuvant chemotherapy [62].

RRMI1 in more advanced non-small cell
lung cancer

The predictive role of RRM1 for sensitivity to
gemcitabine, an antimetabolite frequently used
in combination with platinum has been recently
studied in the context of a randomised trial
comparing cisplatin, docetaxel and gemcita-
bine to cisplatin—vinorelbine. Although the
analysis was retrospectively done on a sub-
group of 261 patients (out of the 443 rando-
mised), the results suggest, surprisingly, that
the predictive role of RRM1 is present for
sensitivity to cisplatin—vinorelbine with better
outcomes observed for RRM1-negative patients
(better disease control rate, better progression
free survival (6.9 months versus 3.9 months;
p<0.001), better overall survival (11.6 months
versus 7.4 months; p=0.002) [63].

Gene signatures

The signature proposed by ZHu et al. [38] as
prognostic might also be predictive of a benefit
reached with adjuvant chemotherapy (cisplatin
and vinorelbine) in stage IB and Il resected
patients.

Conclusions

Prognostic factors are very useful to get
information about disease evolution and to
construct homogeneous groups of patients.
They can sometimes guide the therapy and
identify subgroups of patients where more
aggressive therapy is needed. They can also be
used as stratification factors. They are however

Breathe | December 2012 | Volume 9 | No 2 m




- Prognostic and predictive factors for lung cancer

not powerful enough to be used at the
individual level. Further consensus about the
adequate methodology to search and identify
new prognostic factors is lacking; indeed, we
have no agreement on the set of factors that
should systematically be used to adjust the
effect of new factors and how to assess what
independent additional value a new factor
brings. For example, genetic signatures that
might be very promising are not necessarily
validated when adjusted for known classical
prognostic factors.

Predictive factors are more directly useful in
clinical practice as they are directly related to the
efficacy of a specific treatment. A few of them
now have a definite place for guiding therapeu-
tic decisions in non-small cell lung cancer and
we are on the way to a personalised medicine
for the treatment of this disease. However, their
development and validation are more difficult
and may require very large sample sizes in
particular when the incidence of the predictive
biomarker is low. Integrating several targets is
also a challenge for future research.
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