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INDUCTION CHEMOTHERAPY FOLLOWED BY CONCURRENT
CHEMORADIATION VS. CONCURRENT CHEMORADIATION ALONE
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Purpose: To retrospectively compare outcomes for patients with unresectable locally advanced non–small-cell
lung cancer (NSCLC) treated at our institution with concurrent chemoradiation with or without induction
chemotherapy.
Methods and Materials: We retrospectively analyzed 265 consecutive patients who received definitive treatment
with three-dimensional conformal radiation and concurrent chemotherapy. Of these, 127 patients received
induction chemotherapy before concurrent chemoradiation.
Results: The two groups of patients (with induction vs. without induction chemotherapy) were similar in age,
performance status, weight loss, histology, grade, and stage. Patients who received induction chemotherapy had
better overall survival (median, 1.9 vs. 1.4 years; 5-year rate, 25% vs. 12%; p < 0.001) and distant metastasis-free
survival (5-year rate, 42% vs. 23%; p � 0.021). Locoregional control was not significantly different between the
two groups. Multivariate analysis showed that induction chemotherapy was the most significant factor affecting
overall survival, with a hazard ratio of 0.55 (95% confidence interval 0.40–0.75; p < 0.001). A planned subgroup
analysis showed that induction chemotherapy was associated with a significant overall survival benefit for
patients with adenocarcinoma or large-cell carcinoma (5-year rate, 24% vs. 8%; p � 0.003) but not for those with
squamous cell carcinoma. A multivariate analysis of patients with adenocarcinoma or large-cell carcinoma
confirmed that induction chemotherapy was the most significant factor associated with better overall survival,
with a hazard ratio of 0.47 (95% confidence interval, 0.28–0.78; p � 0.003).
Conclusion: Our retrospective analysis suggests that in combination with concurrent chemoradiation, induction
chemotherapy may provide a small but significant survival benefit for patients with unresectable locally
advanced adenocarcinoma or large-cell carcinoma of the lung. © 2007 Elsevier Inc.
Non–small-cell lung cancer, Induction chemotherapy, Chemoradiation, Adenocarcinoma.
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INTRODUCTION

any randomized trials have established the importance of
ntegrating chemotherapy with radiation for the treatment of
nresectable locally advanced non–small-cell lung cancer
NSCLC). Initially, studies showed that the addition of
nduction chemotherapy to radiotherapy could reduce dis-
ant metastases and increase median survival from 10 to 14
onths without compromising local control (1, 2). Subse-

uent trials demonstrated that giving chemotherapy concur-
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779
ently with radiation could further improve upon the results
rom sequential treatment by increasing the median survival
o 17 months with greater local control (3–5). The combined
enefits of sensitizing tumor cells to radiation and early
reatment of micrometastatic disease have established con-
urrent chemoradiation as the current standard of care for
nresectable NSCLC in patients with good performance
tatus (6).

Despite these recent advances, the prognosis for these
atients remains poor, with a high rate of metastasis and a

Presented at the Annual Meeting of the American Radium
ociety, May 6, 2006, Maui, Hawaii.
Conflict of interest: none.
Received June 29, 2006 and in revised form Jan 2, 2007.
ccepted for publication Jan 3, 2007.



5
p
m
a
H
p
t
O
l
c
p
a
u
t
v

P

o
t
T
T
d
w
c
b
w
c

(
o
w
c
r
(
c
u
a

a
b
1
p
r
t
s
r
G
w
d
r
1
d
i
r
p

w

a
o
5

S

g
m
m
v
v
(
c
t
c
d

w
g
a
m
i
w
T
t
A
A
s
t
c

o
d
r
m
t
i
t
o
t
t
a

m
t
w
t
g
c
1
p
t
y
n
t
m

780 I. J. Radiation Oncology ● Biology ● Physics Volume 68, Number 3, 2007
-year survival rate of approximately 15% (3–5). To im-
rove upon the standard of concurrent chemoradiation,
any investigators are revisiting the potential benefit of

dding induction chemotherapy to this treatment strategy.
owever, treatment recommendations regarding this ap-
roach remain a subject of considerable debate. Because of
he lack of definitive data, the American Society of Clinical
ncology did not establish a consensus in its current guide-

ines for unresectable NSCLC on whether to add induction
hemotherapy to concurrent chemoradiation (6). The pur-
ose of this study was to evaluate the efficacy of this
pproach by comparing the outcomes for patients with
nresectable locally advanced NSCLC treated using induc-
ion chemotherapy followed by concurrent chemoradiation
s. concurrent chemoradiation alone.

METHODS AND MATERIALS

atient population and treatment details
We retrospectively reviewed the medical and radiation records

f all patients with NSCLC who were treated from October 1998
o November 2003 in the Department of Radiation Oncology at
he University of Texas M. D. Anderson Cancer Center (Houston,
X). Patients were included in this study if they had a newly
iagnosed locally advanced NSCLC that was treated definitively
ith three-dimensional conformal radiotherapy (3D-CRT) and

oncurrent chemotherapy. This retrospective study was approved
y the institutional review board, and informed consent was
aived. Compliance with Health Insurance Portability and Ac-

ountability Act regulations was strict.
We identified 265 patients who met these criteria. Of these, 127

48%) were initially treated with induction chemotherapy for two
r three cycles using a dual-agent regimen. The majority (n � 121)
ere treated with platinum and taxane-based regimens (cisplatin or

arboplatin, and paclitaxel or docetaxel). The other 6 patients
eceived cisplatin and etoposide (n � 1), cisplatin and gemcitabine
n � 2), or gemcitabine and vinorelbine (n � 3). Induction
hemotherapy was not a randomized variable. The decision to
ndergo induction chemotherapy was determined by the patient
nd his or her physicians.

All 265 patients received 3D-CRT and concurrent chemother-
py, which typically consisted of a weekly platinum- and taxane-
ased regimen (n � 165), weekly platinum and etoposide (n �
8), or cisplatin and etoposide for two cycles (n � 63). Nineteen
atients received a single-agent platinum, taxane, or gemcitabine
egimen on a weekly basis. Radiation treatment typically targeted
he gross tumor volume (GTV) and the involved lymph node
tations. Uninvolved lymph node stations were not electively ir-
adiated. The clinical target volume (CTV) was defined as the
TV plus an 8-mm margin, and the planning target volume (PTV)
as defined as the CTV plus a 10- to 15-mm margin. The radiation
ose was prescribed to cover at least 95% of the PTV. Patients
eceived radiation treatment daily in 1.8- or 2-Gy fractions (n �
83), or twice-daily in 1.2-Gy fractions (n � 82). The median dose
elivered was 63 Gy (range, 34.8–72 Gy). Nine patients included
n this analysis were unable to complete radiation treatment and
eceived doses less than 60 Gy because of toxicity or disease
rogression during radiation.
After concurrent chemotherapy and radiation, 24 of the patients
ho did not receive induction chemotherapy were treated with s
djuvant chemotherapy. These regimens changed over the period
f time and consisted of regimens that were platinum-based (n �
), taxane-based (n � 12), or both (n � 7).

tatistical analysis
The distribution of patient characteristics between the two

roups (with induction chemotherapy vs. without induction che-
otherapy) was compared using the chi-square test for dichoto-
ized variables and the Mann-Whitney test for the continuous

ariable of age. The primary endpoint analyzed was overall sur-
ival (OS). Secondary endpoints included locoregional control
LRC) and distant metastasis-free survival (DMFS). Locoregional
ontrol was defined as being free from any recurrences involving
he same lung lobe or any regional lymph nodes (ipsilateral or
ontralateral hilar, mediastinal, or supraclavicular nodes). All other
isease recurrences were considered distant metastases.
The rates of 2- and 5-year OS, LRC, and DMFS were calculated

ith the Kaplan-Meier method, and comparisons between the two
roups were made with the log–rank test (7). A multivariate
nalysis of OS was performed with a Cox proportional hazards
odel (7) using both forward and backward stepwise analysis

ncorporating the following factors: induction chemotherapy, age,
eight loss, performance status, histology, grade, combined stage,
stage, N stage, mediastinoscopic staging, positron emission

omography (PET) staging, and twice-daily radiation treatment.
ll survival statistics were measured from the date of diagnosis.
ll p values were two-sided, and values �0.05 were considered

ignificant. A planned subgroup analysis was performed for pa-
ients with squamous cell carcinoma vs. adenocarcinoma or large-
ell carcinoma.

An unknown number of patients may have been initially started
n induction chemotherapy with the intent of proceeding on to
efinitive concurrent chemoradiation, but subsequently did not
eceive concurrent chemoradiation owing to early development of
etastatic disease during the induction chemotherapy. Because of

he retrospective nature of this study, these patients could not be
dentified and were not included in our study population. However,
o evaluate whether this potential selection bias may have affected
ur results, we repeated our analysis but excluded any patient from
he without-induction-chemotherapy group who had an early dis-
ant metastasis (n � 16) or early death (n � 7) within 2 months
fter finishing concurrent chemoradiation.

RESULTS

The median follow-up was 19 months (range, 3–80
onths). Table 1 presents the patient and disease charac-

eristics of the two groups. A greater percentage of patients
ho received induction chemotherapy had PET as part of

heir staging workup (64% vs. 36%; p � 0.001), and a
reater percentage of patients who did not receive induction
hemotherapy had twice-daily radiation treatment (47% vs.
3%; p � 0.001). These differences reflected the time
eriod in which the patients were treated. In general, induc-
ion chemotherapy was used more frequently in more recent
ears, which coincided with the development of PET scan-
ing in clinical practice. There were no differences between
he two groups with respect to age, weight loss, perfor-
ance status, histology, grade, combined stage, T stage, N
tage, or mediastinoscopic staging.
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The rates of OS, DMFS, and LRC for the entire group of
65 patients were 41%, 43%, and 57% at 2 years, and 19%,
3%, and 51% at 5 years, respectively. Induction chemo-
herapy was associated with better OS than concurrent che-
oradiation alone (median, 1.9 vs. 1.4 years; 2-year rate,

9% vs. 34%; 5-year rate, 25% vs. 12%; p � 0.001) (Fig.
). In addition, induction chemotherapy was associated with
etter DMFS (2-year rate, 47% vs. 38%; 5-year rate, 42%
s. 23%; p � 0.021) (Fig. 2). Locoregional control was not
ignificantly different between the two groups (5-year rate,
3% with induction vs. 49% without induction; p � 0.62).
multivariate Cox regression analysis of factors associated

Table 1. Patient and disease characteristics

Characteristic

Without
induction
(n � 138)

With
induction
(n � 127) p*

edian age (y) 63 60 NS
eight loss �10% in 6 mo 30 (22) 18 (14) NS

erformance status (ECOG) NS
0 29 (21) 34 (27)
1 104 (75) 90 (71)
2 5 (4) 3 (2)

istology NS
Non–small-cell,

unspecified
26 (19) 32 (25)

Squamous cell carcinoma 51 (37) 39 (31)
Adenocarcinoma 50 (36) 52 (41)
Large-cell carcinoma 8 (6) 4 (3)
Other 3 (2) 0 (0)

rade NS
Well-differentiated 3 (2) 5 (4)
Moderately differentiated 12 (9) 12 (9)
Poorly differentiated 80 (58) 62 (49)
Unspecified 43 (31) 48 (38)

ombined stage NS
IIA 0 (0) 1 (1)
IIB 2 (1) 2 (2)
IIIA 48 (35) 47 (37)
IIIB 88 (64) 77 (61)
stage NS
0 4 (3) 2 (2)
1 14 (10) 24 (19)
2 42 (30) 47 (37)
3 20 (14) 16 (13)
4 58 (42) 38 (30)
stage NS
0 11 (8) 4 (3)
1 3 (2) 5 (4)
2 72 (52) 66 (52)
3 52 (38) 52 (41)
ediastinoscopic staging 25 (18) 23 (18) NS

ET staging 50 (36) 81 (64) �0.001
wice daily radiation 65 (47) 17 (13) �0.001

Abbreviations: NS � not significant; ECOG � Eastern Coop-
rative Oncology Group; PET � positron emission tomography.

Data are presented as number (percentage), unless otherwise
pecified.

* The Mann-Whitney test was used for the continuous variable
f age. All other p values were derived with the chi-square test for
quality of distributions.
ith OS (Table 2) showed that having induction chemo- 2
herapy was the most significant variable, with a hazard
atio of 0.55 (95% confidence interval [CI] 0.40–0.75; p �
.001). Two other factors found to be significantly associ-
ted with better OS were having Stage �IIIA disease and
aving twice-daily radiation treatment. These three factors
ere identified in both forward and backward stepwise

nalyses. Of note, having PET as part of the staging workup
as not found to be a significant factor associated with OS,
MFS, or LRC in the univariate or multivariate analyses.
A planned subgroup analysis examining the effect of

istology on OS showed that induction chemotherapy sig-
ificantly improved OS for patients with adenocarcinoma or
arge-cell carcinoma (median, 2.0 vs. 1.4 years; 2-year rate,
8% vs. 34%; 5-year rate, 24% vs. 8%; p � 0.003), but not
or those with squamous cell carcinoma (p � 0.29) (Fig. 3).
n patients with adenocarcinoma or large-cell carcinoma,
he same three factors as in the entire group were found to
e associated with better OS in both forward and backward
tepwise multivariate analysis: induction chemotherapy,
tage �IIIA disease, and twice-daily radiation treatment
Table 2). Of these, having induction chemotherapy was the
ost significant factor, with a hazard ratio of 0.47 (95% CI

.28–0.78; p � 0.003). For patients with squamous cell
arcinoma, having induction chemotherapy was not a sig-
ificant factor affecting OS.
To evaluate the potential selection bias that some patients
ay have begun treatment with induction chemotherapy but

id not go on to receive concurrent chemoradiation owing to
arly development of metastatic disease during induction
hemotherapy, we repeated our analysis but excluded any
atient from the without-induction-chemotherapy group
ho had an early distant metastasis (n � 16) or death (n �
) within 2 months after finishing concurrent chemoradia-
ion. The results were similar to those in our first analysis.
atients who received induction chemotherapy continued to
ave better OS than those who did not (median, 1.9 vs. 1.6
ears; 2-year rate, 49% vs. 41%; 5-year rate, 25% vs. 14%;
� 0.038). The same three factors were found to be

ignificantly associated with better OS on multivariate Cox
egression analysis: induction chemotherapy (hazard ratio,
.65, 95% CI 0.46–0.90; p � 0.009), Stage �IIIA disease,
nd twice-daily radiation treatment. A significant survival
enefit from having induction chemotherapy was observed
n the patients with adenocarcinoma or large-cell carcinoma
median, 2.0 vs. 1.7 years; 2-year rate, 48% vs. 41%; 5-year
ate, 24% vs. 10%; p � 0.032), but not in those with
quamous cell carcinoma (p � 0.70). A multivariate anal-
sis of the patients with adenocarcinoma or large-cell car-
inoma confirmed that the same factors were associated
ith OS: induction chemotherapy (hazard ratio, 0.54; 95%
I 0.32–0.92; p � 0.022), Stage �IIIA disease, and twice-
aily radiation treatment.

DISCUSSION

This report presents a single institution’s experience with

65 consecutive patients with unresectable NSCLC treated
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ith curative intent using modern radiation techniques and
oncurrent platinum- and/or taxane-based chemotherapy.
he results of this study suggest that adding two or three
ycles of induction chemotherapy may improve OS by
educing distant metastases without compromising local
ontrol.

Our results for patients treated with concurrent chemora-
iation alone were similar to those from the two randomized
rials that established this approach as the standard of care.
he West Japan Lung Cancer Group (3) and the Radiation

Fig. 1. Overall survival for patients trea
Fig. 2. Distant metastasis-free survival for patients tre
herapy Oncology Group (RTOG) 94-10 (4) trials both
howed that concurrent chemoradiation resulted in a median
S of 17 months. Our analysis demonstrated that adding

nduction chemotherapy to concurrent chemoradiation may
urther improve the median survival by at least 3 more
onths. A multivariate analysis revealed that treatment with

nduction chemotherapy was the most significant factor
ssociated with OS, resulting in a 5-year rate of 25%,
ompared with 12% without induction chemotherapy.

One of the most notable findings from our analysis was

h and without induction chemotherapy.
ated with and without induction chemotherapy.
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hat the survival advantage from adding induction chemo-
herapy to concurrent chemoradiation applied only to pa-
ients with adenocarcinoma or large-cell carcinoma. Inter-
stingly, a similar finding was reported by Komaki et al. (8)
n an analysis of outcomes from the RTOG 88-08/Eastern
ooperative Oncology Group 4588 trial by histologic cell

ype. Their intergroup trial compared three treatment arms:
0 Gy of radiation alone, 69.6 Gy of hyperfractionated
adiation alone, and sequential induction chemotherapy
cisplatin and vinblastine) followed by 60 Gy of radiation
lone. Even though their trial differed from ours in that it
id not include concurrent chemotherapy with the radiation
reatment, it nonetheless demonstrated a similar finding:
dding induction chemotherapy provided a significant sur-
ival benefit only for patients with nonsquamous cell car-
inoma (most of whom had adenocarcinoma or large-cell
arcinoma).

This observation emphasizes the importance of giving
ultidisciplinary care and tailoring treatment strategies to

ndividual patients. For patients with an unresectable squa-
ous cell carcinoma with a greater risk for locoregional

nvasion, induction chemotherapy may not provide any sig-
ificant advantages; instead, this subset of patients may
enefit from pursuing other strategies, such as adding con-
olidation chemotherapy (9). However, for patients with
denocarcinoma or large-cell carcinoma, induction chemo-
herapy followed by concurrent chemoradiation may pro-
ide a small but significant OS benefit (hazard ratio, .47) by
llowing the earliest possible treatment of micrometastases
sing full systemic doses of chemotherapy. This approach is
onsistent with the pathogenesis of adenocarcinomas, which
ave a propensity for lymphatic spread and hematogenous
etastases greater than that of squamous cell carcinomas by

s much as 20% (10, 11). In the future, individualized
reatment approaches based on factors beyond histology and
taging, such as screening for mutations in the epidermal
rowth factor receptor gene (12), should be applied to this
nhomogeneous patient population to maximize the poten-
ial benefit of molecular targeting agents and other promis-
ng treatment strategies.

Table 2. Multivariate analysis of factors associated
with overall survival

Factor
Hazard

ratio

95%
confidence

interval p

ll patients (n � 265)
Induction chemotherapy 0.55 0.40–0.75 �0.001
Stage �IIIA 0.66 0.49–0.89 0.007
Twice-daily radiation 0.71 0.51–0.98 0.039

atients with adenocarcinoma
or large-cell carcinoma
(n � 114)

Induction chemotherapy 0.47 0.28–0.78 0.003
Twice-daily radiation 0.59 0.35–0.99 0.045
Stage �IIIA 0.62 0.37–1.05 0.078
Other investigators have also explored the question of v
hether adding induction chemotherapy to concurrent che-
oradiation may improve clinical outcomes. The random-

zed Phase II Locally Advanced Multi-Modality Protocol
LAMP) was inconclusive in answering this question using

control arm of sequential induction chemotherapy fol-
owed by radiation alone for comparison (13). One of the
xperimental arms in this trial used induction carboplatin
nd paclitaxel followed by radiation given concurrently
ith weekly carboplatin and paclitaxel. Compared with the

equential chemotherapy arm and the consolidation chemo-
herapy arm, the induction chemotherapy arm had slightly
igher numbers of patients with negative prognostic factors:
ge �70 years, male sex, performance status �80, weight
oss �5%, and nonsquamous cell histology. Although the
ifference for each of these parameters was only a few
ercentage points, the fact that this arm had patients with
onsistently worse prognostic factors could have, in aggre-
ate, resulted in a worse outcome. This induction chemo-
herapy treatment arm accrued poorly, with only 74 patients,
nd the LAMP trial closed early when results from the West
apan Lung Cancer Group and RTOG 94-10 trials estab-
ished concurrent chemoradiation as the standard of care.
he Cancer and Leukemia Group B recently presented the

esults of its Phase III randomized trial (39801) in abstract
orm (14). This trial directly addressed the question of
hether induction chemotherapy adds any benefit to con-

urrent chemoradiation by randomizing 366 patients to re-
eive concurrent chemoradiation (carboplatin and pacli-
axel) vs. 2 cycles of induction chemotherapy (carboplatin
nd paclitaxel) followed by concurrent chemoradiation. Al-
hough the median OS showed a clear trend favoring induc-
ion chemotherapy (14 vs. 11 months), this difference was
ot significant, and the outcomes of both arms were below
istorical expectations. Although the abstract itself did not
pecifically address the issue of histologic cell types, it
ould be interesting to know whether there was any signif-

cant benefit in the subset of patients with adenocarcinoma
r large-cell carcinoma.
Another interesting finding from our study was that hav-

ng accelerated hyperfractionated radiation treatment (69.6
y in 58 fractions over 29 days) may have conferred a small
ut significant survival benefit (hazard ratio, .71). This
bservation is consistent with previously published data
rom our institution, which showed that twice-daily radia-
ion significantly improved outcomes, primarily by increas-
ng locoregional tumor control (15). The rationale for using
ccelerated hyperfractionation to reduce tumor cell repopu-
ation was initially validated with some success in small-cell
ung cancer (16) and later in NSCLC using a more intensive
egimen of radiation three times per day (17, 18). A sec-
ndary analysis of the RTOG 94-10 trial for NSCLC also
howed that twice-daily accelerated hyperfractionation with
oncurrent chemotherapy significantly reduced the rate of
ocoregional progression compared with once-daily radia-
ion with concurrent chemotherapy, especially for the subset
f patients with squamous cell carcinoma (19). This obser-

ation reinforces the hypothesis that patients with locally
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nvasive carcinomas of squamous cell histology may benefit
rom a more intensive locoregional treatment regimen given
p front. In contrast to our study, the RTOG 94-10 trial did
ot find a statistically significant survival benefit with ac-
elerated hyperfractionation (4). A crucial difference be-
ween our study and RTOG 94-10 is that all of the patients
n our study were treated with 3D-CRT instead of conven-
ional radiation technique. By improving dose delivery to
he tumor target and limiting toxicity to the normal tissues
even more important given the increased toxicity from
oncurrent chemotherapy), 3D-CRT may have allowed us
o maximize the potential benefit of accelerated hyperfrac-
ionation and realize a difference in survival outcomes.

It is important to recognize the limitations of our retro-
pective study. Even though the two groups were relatively
alanced with respect to known prognostic factors, the
ecision to undergo induction chemotherapy was not a

Fig. 3. Overall survival for patients with (a) adenocarcino
chemotherapy, and (b) squamous cell carcinoma treated
andomized variable and was therefore subject to selection t
iases. Foremost, an unknown number of patients may have
egun treatment with induction chemotherapy with defini-
ive intent but did not go on to receive concurrent chemo-
adiation owing to early development of progressive disease
r death during the induction chemotherapy. Prospective
rials of induction chemotherapy have reported that approx-
mately 6–12% of patients may develop progression of
isease (local or distant) or an early death (from disease,
oxicity, or any unknown cause) during or immediately after
heir induction chemotherapy (18, 20). To evaluate whether
his potential selection bias may have affected our findings,
e repeated our analysis but excluded patients from the
ithout-induction-chemotherapy group who had an early
istant metastasis or early death within 2 months of finish-
ng concurrent chemoradiation. Although this analysis con-
rmed the conclusions from our primary analysis, it is
ossible that there are other selection biases we could not

large-cell carcinoma treated with and without induction
nd without induction chemotherapy.
ma and
ake into account. In addition, we intentionally focused our
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nalyses on the endpoint of OS, rather than local recur-
ence or distant metastasis, to avoid the potential con-
ounding factor that some patients died without any doc-
mented disease progression or recurrence. Without an
utopsy of these patients, a more specific cause of death
annot be determined. Finally, our analysis is subject to
ecency bias because the use of induction chemotherapy
as generally used more frequently in the more recent
ears. Although the two groups were similar in stage,

erformance status, and other known prognostic factors, a
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t is possible that there are other biases that we did not
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In conclusion, the addition of induction chemotherapy to
oncurrent chemoradiation was associated with a small but
ignificant survival benefit for patients with unresectable
ocally advanced NSCLC. On the basis of our retrospective
nalysis of patients treated at our institution, induction che-
otherapy followed by concurrent chemoradiation should

e considered in the treatment strategies for patients with

denocarcinoma or large-cell carcinoma of the lung.
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