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Abstract Combined chemoradiation (CRT) is the stan-
dard therapy in locally advanced non-small cell lung cancer
(NSCLC). Nevertheless, the best approach in the elderly
population is still poorly defined. We retrospectively
reviewed the charts of elderly (>65 years) patients with
unresectable, locally advanced NSCLC, diagnosed at the
Brazilian National Cancer Institute between 2003 and
2007. The primary outcome was overall survival (OS),
measured from diagnosis until death. Palliative therapy
(PT) included best supportive care radiation therapy
(RT; <40 Gy) and palliative chemotherapy. Among
patients treated with radical RT, OS was measured from
date of treatment beginning until death (OST). One hun-
dred seventy-one patients were included, with median age
of 71 years (range 65-90). Thirty-nine percent received
PT, 32 % exclusive RT (>40 Gy), and 29 % CRT (con-
comitant or sequential). Patients treated with RT and CRT
had better OS (median 13.7 months [95 % CI 10.9-16.4]
and 15.5 months [95 % CI 13.0-17.9]) than PT (median
4.1 months [95 % CI 3.6-4.6]; p <0.0001). In the
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multivariate analysis, RT (HR 0.28 [95 % CI 0.18-0.42];
p < 0.0001) and CRT (HR 0.17 [95 % CI 0.1-0.27];
p < 0.0001) were independently correlated to better sur-
vival in comparison with PT. Among patients receiving
radical RT, the addition of chemotherapy was correlated to
longer OST (median 13.8 [95 % CI 10.6-17.0] wvs.
10.8 months [95 % CI 8.6—-13.1]; p = 0.018). This benefit
was confirmed in the multivariate analysis (HR 0.59 [95 %
CI 0.36-0.97]; p = 0.039). Elderly patients with locally
advanced NSCLC derived significant survival benefit from
radical RT and CRT, suggesting that age should not be a
contraindication for these aggressive therapeutic strategies.

Keywords Lung neoplasms - Elderly -
Chemoradiotherapy - Survival

Introduction

Lung cancer is the leading cause of cancer death in both
genders worldwide [1], and approximately one-third of non-
small cell lung cancer (NSCLC) patients are diagnosed with
unresectable, locally advanced disease. In this setting, the
combination of chemotherapy and radiotherapy (CRT) is
considered the gold standard for fit patients, based on ran-
domized trials. In a meta-analysis [2], the absolute benefits
of adding chemotherapy to radiation (RT) were 4 % at
2 years and 2.2 % at 5 years. Furthermore, concomitant
CRT was demonstrated to be superior to sequential sched-
ules, but at the cost of a higher acute toxicity [3].

It should be noted, however, that the best approach in
the elderly population remains a matter of debate, since this
subgroup was mostly underrepresented in clinical trials.
Advanced age has been associated with worse prognosis,
and older patients tend to have more comorbidities,
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reduced tolerance to cancer treatment, and receive less
intense therapies [4]. Notwithstanding, a survival benefit
was suggested for CRT in a subgroup analysis involving
164 patients older than 70 years in a meta-analysis
(HR 0.67; 95 % CI 0.48-0.94) [5]. Moreover, the combi-
nation of a daily low-dose carboplatin schedule to thoracic
RT was superior to exclusive RT in a Japanese phase III
trial involving 200 elderly patients [6].

Since elderly patients are frequently excluded from
clinical trials, and approximately two-thirds of NSCLC
cases occur in people aged 65 years or older [7], we specu-
lated that a real-world study should be more adequately
representative. In order to accomplish it, we performed a
comprehensive retrospective review of aged patients with
unresectable, stage III NSCLC, diagnosed at the Brazilian
National Cancer Institute (INCA) over a 5-year period. The
main questions were whether there was a benefit in treating
elderly patients with locally advanced NSCLC overall, and
whether CRT was superior to RT alone.

Patients and methods
Patients

The total cohort included incident cases of unresectable,
stage III NSCLC (American Joint Commission on Cancer,
6th edition), diagnosed at INCA between 2003 and 2007,
aged 65 years or more. Patients with malignant pleural
effusion (former “wet IIIB”) were excluded, as well as
patients treated with primary surgery or at other institu-
tions. Both treated and untreated patients were included in
this cohort. In a second analysis, we evaluated exclusively
patients who received radical schedules of RT, as defined
below. The local Hospital Data System provided the list of
patients, and data were collected from medical records and
exams database by two investigators (P.M.D. and R.Z.).
The study was approved by the local Institutional Ethics
Committee.

Outcomes

The primary outcome was overall survival (OS), calculated
as the interval between diagnosis and death. In order to
assess the impact of different therapeutic strategies, we
defined palliative therapy (PT) as including best supportive
care, RT at doses of less than 40 Grays (Gy), and palliative
chemotherapy. On the other hand, patients treated with RT
at doses of 40 Gy or higher were classified in the RT group.
When a combination of chemotherapy and RT was used,
patients were classified in the CRT group, independently of
receiving concomitant or sequential schedules. In a second
analysis, only patients treated with radical RT (>40 Gy) or
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CRT were included, and OS was measured from the date of
treatment beginning until death (OST).

Statistical analysis

Baseline characteristics were compared between the cohort
of patient receiving PT and patients treated with radical
schedules of RT (exclusive RT or CRT) using the chi square,
Fisher exact, and Mann—Whitney tests. OS and OST were
estimated using the Kaplan—-Meier method [8]. p values of
<0.05 were considered to indicate statistical significance,
and the 95 % confidence interval (CI) was calculated. Sur-
vival curves were compared according to putative prog-
nostic factors using logrank [9], and then, multivariate
analyses of all matched variables were carried out using
stepwise Cox model [10]. Statistical analyses were per-
formed using the SPSS 18.0 software (SPSS Inc., CA, USA).

Results
Total cohort

One hundred seventy-one patients were included (Table 1).
Median age was 71 years (range 65-90), 75 % were male,
and 77 % were white. Most patients (53 %) had squamous
cell carcinoma, and 82 % were diagnosed with stage IIIB.
Seventy-three percent of patients had at least 5 % weight
loss documented at the diagnosis, and most had perfor-
mance status (PS) 0-1 (42 %), while PS 2 and 3 were
documented in 31 and 27 %, respectively. Ninety-five
percent were current/former smokers, and Charlson Index
was 0 in 66 % and 1-2 in 34 %. Sixty-two patients (37 %)
received either no therapy overall or only palliative RT
(<40 Gy), while 4 patients (2 %) received palliative che-
motherapy, comprising 66 (39 %) in the PT group. Fifty-
four patients (32 %) were treated with exclusive radical RT,
and 49 (29 %) with CRT, consisting of concomitant and
sequential schedules in 30 and 19 patients, respectively. All
chemotherapy regimes were based in platinum contents.

Patients receiving RT at radical doses (N = 103) pre-
sented higher proportions of PS 0-1, stage IIIA, and no
weight loss than patients in the PT group (Table 1). PS 0-1,
2, and 3 were documented in 61, 34, and 5 % in the radical
treatment cohort and in 12, 27, and 61 % in the PT group,
respectively (p = 0.001). The frequencies of patients with-
out weight loss were 33 and 18 % in the radical RT and in the
PT groups, respectively (p = 0.031), while stage IITA was
documented in 23 and 11 % (p = 0.045). Conversely, most
other baseline characteristics were in line with the cohort of
patients receiving PT (Table 1).

After a median follow-up of 8.8 months, 160 deaths
(94 %) were documented, and the median OS was
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Table 1 Baseline characteristics in the total cohort and among
patients receiving radical RT (with or without chemotherapy)

Parameters Total cohort  Radical RT/CRT  p value*
N (%) N (%)
N 171 103
Median age (range) 71 (65-90) 71 (65-90) 0.72
Gender 0.26
Male 128 (75) 74 (72)
Female 43 (25) 29 (28)
Ethnicity 0.44
White 131 (77) 82 (80)
Afro-Brazilian 18 (11) 9(9)
Others 21 (12) 11 (11)
Performance status <0.001
0-1 71 (42) 63 (61)
2 53 (31) 35 (34)
3 46 (27) 5(5)
Weight loss 0.031
No (<5 %) 42 (27) 31 (33)
Yes (=5 %) 115 (73) 63 (67)
Smoking status 0.74
Current/former 156 (95) 92 (94)
Never smoker 9(5) 6 (6)
Charlson Index 0.20
0 112 (66) 64 (62)
>1 58 (34) 39 (38)
Histology 0.75
SCC 90 (53) 34 (33)
Adenocarcinoma 55 (32) 52 (50)
Others 26 (15) 17 (17)
Stage 0.045
1A 30 (18) 23 (23)
1B 137 (82) 78 (77)
Therapy -
PT 66 (39) -
RT 54 (32) 54 (52)
CRT 49 (29) 49 (48)

RT radiotherapy, CRT chemoradiotherapy, N number of patients, SCC
squamous cell carcinoma, PT palliative therapy

* p value was estimated comparing treated (radical RT/CRT) to non-
treated (PT) patients

9.7 months (95 % CI 8.0-11.5). Survival was significantly
longer among patients with PS 0-1 (median 15.2 months
[95 % CI 13.4-17.0]) in contrast to PS 2 and 3 (medians
9.8 [95 % CI 8.1-11.6] and 3.9 months [95 % CI 3.5-4.2],
respectively; p < 0.0001), and among patients without
weight loss (median 14.2 months [95 % CI 11.1-17.2]
vs. 7.7 months [95 % CI 5.7-9.6]; p = 0.015). On the
other hand, histology (p = 0.22), tumor stage (p = 0.32),
Charlson Index (p = 0.30), and age (p = 0.58) were not
considered prognostic factors. Patients treated with either

exclusive RT or CRT had better survival (medians
13.7 months [95 % CI 10.9-16.4] and 15.5 months [95 %
CI 13.0-17.9], respectively) than patients receiving PT
(median 4.1 months [95 % CI 3.6-4.6]; p < 0.0001)
(Fig. 1). The data from univariate analyses are summarized
in Table 2. In the multivariate analyses, RT (HR 0.28
[95 % CI 0.18-0.42]; p < 0.0001) and CRT (HR 0.17
[95 % CI 0.11-0.27]; p < 0.0001) were independently
correlated to better survival in comparison with PT.

Patients receiving radical RT

One hundred and three patients received radical doses of
RT, with or without chemotherapy (Table 3). More patients
in the CRT group presented with better PS (p < 0.001),
adenocarcinoma histology (p = 0.02), and less weight loss
(p = 0.02) than patients receiving exclusive RT. Moreover,
patients treated with CRT were slightly younger (medians
70 and 72 years; p = 0.03). There was no significant dif-
ference in salvage chemotherapy exposure in the RT and
CRT groups (6 vs. 16 %, respectively; p = 0.11). All other
factors were well balanced between the two groups.
Ninety-six deaths (93 %) were documented in this cohort,
with a median OST of 11.4 months (95 % CI 10.5-12.3).
The addition of chemotherapy was significantly correlated to
a longer OST (medians 13.8 ms [95 % CI 10.6-17.0] vs.
10.8 ms [95 % CI 8.6-13.1] for CRT and exclusive RT,
respectively; p = 0.018) (Fig. 2). In the CRT group, patients
receiving concomitant schedules had a numerically superior
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Fig. 1 Overall survival according to treatment for all patients

(N = 171). OS overall survival from diagnosis, PT palliative therapy,
RT radiation therapy, CRT chemoradiation therapy
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Table 2 Univariate analysis for overall survival in the total cohort of
patients (N = 171)

Table 3 Baseline characteristics in the cohort of patients receiving
radical doses of RT and CRT

Characteristics Median OS (months) 95 % CI p value

Performance status <0.0001
0-1 15.2 13.4-17.0
2 9.8 8.1-11.6
3 3.9 3.5-42

Weight loss 0.015
No (<5 %) 14.2 11.1-17.2
Yes (=5 %) 7.7 5.7-9.6

Histology 0.22
Adenocarcinoma 10.7 6.9-14.4
Squamous cell 9.8 7.2-12.4
Others 8.2 5.9-10.5

Tumor stage 0.32
1A 12.8 5.9-19.6
1B 9.3 7.5-11.5

Charlson Index 0.30
0 8.6 6.4-10.8
>1 11.8 8.5-15.2

Age 0.58
<75 9.7 8.3-11.2
>75 7.8 2.4-13.1

Therapy <0.0001
PT 4.1 3.6-4.6
RT 13.7 10.9-16.4
CRT 15.5 13.0-17.9

OS overall survival from diagnosis, CI confidence interval, PT pal-
liative therapy, RT radiation therapy, CRT chemoradiation therapy

OST than sequential, but this difference was not statistically
significant (medians 14.1 months [95 % CI 9.7-18.4] vs.
11.2 months [95 % CI 7.9-14.5]; p = 0.59). In addition,
patients with better PS also presented longer OST (medians
14.1 months [95 % CI 11.0-17.1], 10.4 months [95 % CI
8.2-12.7], and 5.9 months [0.0-15.3] for PS 0-1, 2, and 3,
respectively; p = 0.004). In contrast, other characteristics
were not correlated to OST, including stage (p = 0.84),
histology (p = 0.09), weight loss (p = 0.11), Charlson Index
(p = 0.73), and salvage chemotherapy (p = 0.10) (Table 4).
In the multivariate analysis, PS 0-1 (HR 0.24 [95 % CI
0.09-0.63]; p = 0.004), PS 2 (HR 0.25 [95 % CI 0.09-0.67];
p = 0.006), and CRT (HR 0.59 [95 % CI 0.36-0.97];
p = 0.039) were independently correlated to better OST.

Discussion
The best approach to locally advanced NSCLC in the
elderly population has been poorly defined in the literature.

In the current study, our group compiled the data from
elderly patients presenting with unresectable, stage III
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Parameters RT CRT p value
N (%) N (%)

N 54 49

Median age (range) 72 (65-90) 70 (65-82) 0.03

Gender 0.33
Male 41 (76) 33 (67)

Female 13 (24) 16 (33)

Ethnicity 0.32
White 42 (78) 40 (83)

Afro-Brazilian 4 (7) 5 (10)
Others 8 (15) 3(7)

Performance status <0.001
0-1 18 (33) 45 (92)

2 32 (59) 3 (6)
3 4 (8) 1)

Weight loss 0.02
No (<5 %) 11 (22) 20 (44)

Yes (=5 %) 38 (78) 25 (56)

Smoking status 0.25
Current/former 49 (96) 43 (92)

Never smoker 2 (4) 4 (8)

Charlson Index 0.14
0 30 (66) 34 (69)
>1 24 (44) 15 (31)

Histology 0.02
SCC 34 (63) 18 (37)
Adenocarcinoma 12 (22) 22 (45)

Others 8 (15) 9 (18)

Stage 0.13
1A 15 (29) 8 (16)
1B 37 (71) 41 (84)

Salvage CT 0.11
Yes 3 (6) 8 (16)

No 51 (94) 41 (84)

RT radiotherapy, CRT chemoradiotherapy, N number of patients, SCC
squamous cell carcinoma, CT chemotherapy

disease, in a real-world scenario. Notably, we demonstrated
that selected patients derived survival benefit from RT at
radical doses, with or without chemotherapy, corroborating
that advanced age should not be seen as a stigma to pre-
clude aggressive therapies in this setting. Furthermore, the
addition of chemotherapy was significantly correlated to
longer survival in comparison to exclusive RT among
treated patients. These statements were accordingly con-
firmed in multivariate analyses.

We are aware of two comprehensive studies evaluating
the outcomes of elderly patients with locally advanced
NSCLC in real-world scenarios. Davidoff et al. [11] retro-
spectively reviewed data from 6,325 patients in the North
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Fig. 2 Overall survival according to treatment for treated patients
(N = 103). OST overall survival from the treatment beginning, RT
radiation therapy, CRT chemoradiation therapy

American SEER database. These patients were older than
65 years and presented with stages IIIA or IIIB, diagnostic
between 1997 and 2002. In their cohort, 26.5 % did not
receive specific oncologic therapy and had the worst survival
(median, 6.9 months). On the other hand, 41.3 and 45.2 %
received exclusive RT and CRT, respectively, and their
median OS were 7.6 months and 12.0 months. In a Canadian
study [12], Coate et al. retrospectively showed that older
patients were more likely to receive palliative therapy.
However, aged patients treated with curative intent—
including surgery—had similar survival in comparison with
the younger. It is important to mention that these studies used
a 65-years cutoff for selecting older patients, even though a
criterion of 70 years is being currently used, at least for
metastatic lung cancer [13]. For this reason, we also decided
to select patients based on the 65-years cutoff. In our cohort,
the described survival is comparable to those found in the
aforementioned large-scale studies. For instance, we also
had nearly one-third of patients receiving PT, with a median
survival of 4.1 months. On the other hand, median OS
among patients receiving RT and CRT were 13.7 and
15.5 months, respectively.

In the present study, all medical charts were directly
reviewed by the investigators, which tend to minimize the
risk of systematic errors in contrast to larger database
studies like Davidoff et al.s’ [11]. In their analysis, treat-
ment classification was based on Medicare claims files,
which may be flawed in defining the treatments or
sequences that were actually used. In our study, for
instance, the local Hospital Data System provided a list

Table 4 Univariate analysis for overall survival in the cohort of
patients receiving radical doses of RT (N = 103)

Characteristics Median OST (months) 95 % CI p value
Performance status 0.004
0-1 14.1 11.0-17.1
2 10.4 8.2-12.7
3 5.9 0.0-15.3
Weight loss 0.11
No (<5 %) 12.0 7.9-16.0
Yes (=5 %) 10.9 9.6-12.3
Histology 0.09
Adenocarcinoma 11.7 8.1-15.2
Squamous cell 11.4 9.8-13.1
Others 9.1 3.0-15.1
Tumor stage 0.84
1A 14.0 6.9-21.2
1B 11.2 10.1-12.3
Charlson Index 0.73
0 11.0 9.9-12.0
>1 12.3 8.9-15.6
Age 0.89
<75 11.0 10.0-11.9
>75 12.4 9.2-15.6
Therapy 0.018
RT 10.8 8.6-13.1
CRT 13.8 10.6-17.0
Salvage CT 0.10
Yes 18.2 13.7-22.6
No 10.9 10.0-11.8

OST overall survival from date of treatment beginning, CI confidence
interval, PT palliative therapy, RT radiation therapy, CRT chemora-
diation therapy, CT chemotherapy

with 319 patients, from which only 171 were really eligi-
ble. Most other patients were misclassified, since they in
fact had metastatic disease. Moreover, we limited the
evaluation to a 5-year period in order to avoid bias related
to the implementation of novel technologies, which could
impact on patient selection over time through stage
migration. In fact, all patients in our cohort were staged in
an era prior to positron emission tomography (PET)
availability. Nonetheless, we believe that this cohort is
representative of a real-world population. Of note, around
60 % had very poor PS (2 or 3), and approximately 40 %
were only approached with palliative measures. In this
regard, the high frequency of PS 2-3 documented here
likely reflects the delayed diagnosis and the lower access to
medical care in low- and middle-income countries around
the globe, where poorer health systems are routine.

This study was not intended to evaluate neither the
toxicity profile of each treatment schedule nor the best
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CRT combination or sequence. Cavalcanti et al. [14]
recently evaluated these aspects in a retrospective study at
a North American single institution between 1997 and
2010. Their cohort comprised 64 patients aged 70 years or
older, treated with concurrent CRT in 43 cases and with
sequential schedules in 21. The most common chemo-
therapy regimens were carboplatin and paclitaxel (44 %)
and carboplatin and etoposide (15 %), and there was a
trend toward superior survival in the concurrent versus
sequential groups (median survival of 19 and 11 months,
respectively), but this difference was not statistically sig-
nificant (p = 0.67). They also demonstrated that such
approaches were feasible, with esophagitis (42 %), anemia
(39 %) and pneumonia (24 %) being the most frequent side
effects. In our cohort, 30 patients received sequential and
19 concurrent CRT. In line with the above study, we also
found a numerically but not statistically significant superior
survival for the concurrent versus sequential schedules
(median OST of 14.1 and 11.2 months, respectively;
p = 0.59). As older patients commonly present with a
narrower therapeutic window, combined chemotherapy
should comprise agents with a favorable toxicity profile. In
this regard, the substitution of carboplatin for cisplatin
might be a first reasonable concept.

Deteriorated PS and weight loss were correlated to inferior
survival in our cohort, although these factors were no longer
significant after adjusting to treatment approaches. These
findings are in line with other large-scale studies [11, 12],
where age, comorbidities, and PS were considered factors
predictive of worse prognosis in the elderly. As expected, poor
PS and weight loss were more frequently documented in the
PT cohort, which might be an important confounding bias.
These and other unmeasurable factors—including patients’
preference—might have impacted on the selection charac-
teristics for choosing a more or less aggressive treatment.
These limitations were predictable and are inherent to a
retrospective study. It is noteworthy that Charlson comor-
bidity index was not a prognostic factor in the present study.
This might be explained by the relatively lower number of
patients included, and to some degree of recall bias, which is
inherent to the retrospective data collection. We also did not
notice a survival difference according to distinct age catego-
ries. In this regard, it should be emphasized that 78 % of the
studied patients were in the stratum aged between 65 and
75 years, and hence, our data might not be accurately
extrapolated to an older population. In this cohort, salvage
chemotherapy did not significantly impact on survival after
aggressive RT protocols, probably due to the low proportion
of patients receiving such approach.

In summary, our study indicates that selected elderly
patients with locally advanced NSCLC derive survival
benefit with more aggressive approaches including radiation
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and chemotherapy combinations, suggesting that age per se
should not be a contraindication. The best sequence and
schedule should be accordingly evaluated in prospective
trials especially designed for patients at advanced ages,
ideally involving novel agents with optimized efficacy and
toxicity profile.
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