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Original Article

Definitive concurrent chemoradiotherapy
outcomes in Stage IIIB nonsmall cell lung
cancer patients younger than 45 years:
A retrospective analysis of 145 patients

ABSTRACT

Purpose: To assess the survival outcomes and prognostic factors of young (<45 years) Stage llIB nonsmall cell lung cancer (NSCLC)
patients treated with definitive concurrent chemoradiotherapy (C-CRT).

Materials and Methods: Medical records of 145 Stage llIB NSCLC patients (<45 years) who received 60—66 Gy thoracic radiotherapy
and concurrent 1-3 cycles of cisplatin-based doublet chemotherapy were retrospectively evaluated. The primary endpoint was
overall survival (OS), while locoregional progression-free survival (LRPFS), progression-free survival (PFS), and evaluation of potential
prognostic factors constituted the secondary endpoints.

Results: At median 21.6 months (range: 7.3—-62.5) of follow-up, the median and 4-year survival estimates were 24.8 months and
24.2% for 0S, 15.7 months and 18.9%, for LRPFS and 12.0 months and 11.2% for PFS, respectively. On univariate analyses, among
all factors, the smaller tumor size (<7.0 cm; P= 0.03), lower T-stage (T1-T2; P = 0.02), lower N-stage (N2; P = 0.01), absence
of anemia before C-CRT (hemoglobin [Hb] >12 g/dL; P < 0.001), and lower/no pretreatment weight loss (WL <5%; P < 0.001)
were found to be associated significantly with longer median OS durations, which also retained their independent significance on
multivariate analyses, except for tumor size category.

Conclusions: The encouraging median 24.8 months OS duration observed here in young NSCLC patients accords well with the
results of recent landmark locally advanced NSCLC series without age stratification. Other than the well-established T and N stages,
extra exhibit of superior OS in patients with initial Ho >12 g/dL and <5% WL levels suggests a noteworthy prognostic role for these
two latter variables in the stratification of such patients.
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INTRODUCTION

Median age of nonsmall cell lung cancer (NSCLC)
patients is 69 years, and the incidence tends to
further increase in adults over 70 years according
to surveillance, epidemiology, and end results
database.!!! Starkly contrasting with elderly,
NSCLC is documented to be rare in younger
individuals with only <6% of all NSCLC patients
being <45 years old."” The information on
treatment outcomes and prognostic factors
of young NSCLC patients was chiefly got from
the review single-institutional experiences in
small cohorts.?™ In such series, study cohorts
were usually not homogeneous in terms of
ethnical differences, tumor histology, disease
stage, and treatment modalities including the

surgery, radiotherapy (RT), and/or chemotherapy;
moreover, the investigators of such studies usually
concentrated on protocol tolerance and survival
outcomes with limited impact on prognostic
factors, which might potentially point out and
stratify younger from older NSCLC population.

Results of large phase III randomized trials firmly
established the concurrent chemoradiotherapy
(C-CRT) as the standard of care for medically fit
locally advanced NSCLC (LA-NSCLC) patients.¢" In
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addition, regardless of the patients’ age, emerging data suggest
the C-CRT as the current treatment choice for all fit LA-NSCLC
patients in the absence of comorbid conditions.®** The current
expanding enthusiasm on C-CRT studies in elderly LA-NSCLC
patients is presumably based on a higher NSCLC incidence in
elderly compared to younger counterparts though unfortunate
is the lack of solid data in younger cohorts.

Although the LA-NSCLC represents the most common form of
nonmetastatic disease stage, no study in young patients with
Stage IIIB NSCLC has been reported to specifically investigate
the outcomes and prognostic factors during the definitive
C-CRT era in this age group, to the best of our information.
Hence, to be constructive in decision-making in this emerging
literature without such studies, we planned to retrospectively
analyze the survival outcomes and prognostic factors in our
cohort of 145 patients <45 years old with Stage IIIB NSCLC
who received definitive C-CRT at our institution.

MATERIALS AND METHODS

Patients

LA-NSCLC patients treated with definitive C-CRT between
May 2007 and October 2014 were retrospectively evaluated
by a database search. One hundred forty-five patients with
the diagnosis of Stage IIIB adenocarcinoma (AC) or squamous
cell carcinoma (SCC) who met the following inclusion criteria
were included: age <45 years, available baseline staging
18f-fluorodeoxyglucose positron emission tomography
(FDG-PET/CT) and brain magnetic resonance imaging (MRI),
Eastern Cooperative Oncology Group (ECOG) performance
status of 0-1, body mass index (BMI) =20 kg/m?, and treated
with at least one cycle of platinum-based chemotherapy during
the thoracic RT (TRT). All patients received their first-line
treatment at our institution, and none had previous history
of other cancers, oncological surgery for presenting NSCLC,
chemotherapy, and/or RT. Patients with superior sulcus tumors,
bronchoalveolar histology, malignant pleural and/or pericardial
effusion, contralateral supraclavicular lymphatic involvement,
synchronous/metachronous tumors, or inadequate respiratory
function test (forced expiratory volume 1s <1200 ml and
partial oxygen pressure <60%) were excluded at the initial
database search. Patients with serious comorbid conditions
and those judged to be not able to tolerate C-CRT upon clinical
evaluations and dosimetric calculations were also excluded.
The study protocol was approved by the institutional review
board before data collection.

Concurrent chemoradiotherapy

According to our institutional standards, both the FDG-PET/CT
and diagnostic thoracic CT images were utilized for initial
staging evaluations and RT planning (RTP) procedure. All
patients received a total dose of 60-66 Gy TRT (2 Gy/fx/day)
with high-energy linear accelerators. The RTP was based
on gross tumor volume (GTV), which was restricted to
all primary tumors and abnormally enlarged hilar or

mediastinal lymph nodes >1 cm in shortest diameter seen
on CT images or metabolically active areas of any size on
PET-CT. Clinical target volumes (CTVs) were defined by
adding respective 0.6 and —0.8 cm margins to GTV for
SCC and AC histologies. Planning target volume (PTV) was
created by adding an additional 1-cm margin to CTVs at all
directions. Three-dimensional conformal RT technique was
utilized providing coverage of PTVs by at least 95% isodose
surfaces; the “100% isodose” was defined at each isocenter.
Minimizing the risk of radiation pneumonitis, mean lung and
V20 dose (lung volume that received >20 Gy) were kept under
14 Gy and 30%, respectively. TRT was administered through
anteroposterior and posteroanterior (AP/PA) or multiple-field
design portals utilizing individualized multi-leaf collimator
blocks. If AP/PA fields were utilized as the initial field design
and the spinal cord was involved partially or totally than, in
an effort to meet the critical tolerance limits, an off-spinal cord
oblique boost dose plan was created at 46 Gy and dose was
carried up to 60—-66 Gy with this final plan with no elective
nodal irradiation being permitted.

TRT was given concurrently with at least one of the following
prescribed chemotherapy cycles: cisplatin (80 mg/m? and
vinorelbine (30 mg/m? on days 1 and 8 (CV treatment, n = 95)
and/or cisplatin (80 mg/m?) and docetaxel (80 mg/m?) on days
1, 22, and 43 (CD treatment, n = 50). All patients received
standard chemotherapy premedication and supplementary
nutritional arrangements throughout the C-CRT duration, as
indicated.

Response and toxicity assessment

Common Toxicity Criteria for Adverse Events version 3.0
(CTCAE v3) was used to score both acute and late toxicities.
During C-CRT, the patients were evaluated once weekly
or more frequently for acute toxicities. Reported toxicity
scores reflected the highest toxicity at acute or late phase of
follow-up. We performed the first FDG-PET-CT and brain MRI
evaluation at the 3 month of C-CRT completion to assess the
response of treatment by utilizing Response Evaluation Criteria
in Solid Tumors before 2009 and PET Response Criteria in
Solid Tumors thereafter. For the first 2 years, eligible patients
were followed up every 3 months, every 6 months between
3 and 5 years, and annually thereafter or more frequently if
necessitated.

Statistical analysis

The primary endpoint was overall survival (OS) outcomes,
while locoregional progression-free-(LRPFS), progression-free
survival (PFS), and evaluation of potential prognostic factors
constituted the secondary endpoints. OS, LRPFS, and PFS
were defined as the intervals between the first C-CRT day
and the dates of death/last visit, local or regional relapse,
and any type of local/regional or distant progression of the
disease, respectively. Categorical and quantitative variables
were described as frequency distributions and mean, median,
and ranges, respectively. Chi-square test was performed for
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subgroup comparisons regarding the demographic features
and toxic-event incidences. Survival was analyzed using
the Kaplan—Meier method, and the curves of subgroups
were compared by two-sided log-rank test. To evaluate the
relationship between different variables and survival, a Cox
proportional hazard model was used. All tests were two-tailed.
A P =< 0.05 was considered statistically significant.

RESULTS

The institutional review database search identified
1739 Stage IIIB NSCLC patients referred for definitive C-CRT
and 155 (8.9%) were <45 years old. Of these, 10 were judged
to be not suitable for C-CRT because of inadequate respiratory
capacity (n = 4), diabetic nephropathy (n = 1), cardiac
problems (n = 2), inability to keep lung V20 <30% or mean
lung dose <14 Gy (n = 1), and self-refusal (n = 2). Remaining
145 patients formed the study cohort for this analysis.

The patient demographics and treatment characteristics
of eligible 145 patients are depicted in Table 1. C-CRT
was relatively well tolerated with only 3 (2.1%) Grade-4
leukopenia during C-CRT. Although toxicity or other
health-related treatment breaks of 3-22 days was
mandated in 27 patients, all patients were able to receive
prescribed TRT dose and 127 (87.6%) patients could receive
2 cycles (n = 89; 61.4%) or 3 cycles (n = 38; 26.2%) of
prescribed chemotherapy regimen concurrently. Reasons for
inability to receive more than 1 cycle chemotherapy were
Grade-4 leukopenia (n = 3), Grade-3 esophagitis (n = 7),
pneumonia (n = 4), nausea and vomiting resistant to available
antiemetics (n = 2), and patients’ self-choice (n = 2). Overall,
76 (52.4%) patients experienced various types of Grade-3
hematologic or nonhematologic acute toxicities with no
significant difference between CD and CV cohorts (56% vs.
50.5%; P = 0.63). The most common Grade-3 hematological
and nonhematological toxicities were leukopenia (35.9%) and
nausea (26.2%). Grade-3 late toxicities were reported in only
7 patients (4.8%): esophagitis (n = 3), pericarditis (n = 2),
and peripheral neuropathy (n = 2).

Median follow-up was 21.6 (7.3—62.5) and 27.4 months
(14.4-62.5) for the whole study cohort and surviving 58 (40%)
patients, respectively. Eleven of surviving 58 (19%) were
progression-free at the time of this analysis which befits
7.6% of all study population. Distant metastasis was the most
common relapse type (51.0%), followed by locoregional (26.2%)
relapses. Of the latter group, there were only 2 cases (1.4%)
with isolated nodal failures. Locoregional plus distant
metastasis was detected in 22 patients (15.2%).

The median OS, LRPFS, and PFS durations were 24.8 (95%
confidence interval [CI]: 22.3-27.3), 15.7 (95% CI: 12.2-19.2),
and 12.0 months (95% CI: 9.9-14.1), respectively. The
corresponding 4-year survival estimates were 24.2%, 18.9%,
and 11.2% for OS, LRPFS, and PFS, respectively [Figure 1].

Table 1: Pretreatment and treatment patient characteristics

Characteristics Value
Median age (years) range 38 29-45
Gender, n (%)

Male 110 (75.9)

Female 35 (24.1)
Male/female ratio 3.1
ECOG performance, n (%)

0 65 (44.8)

1 80 (55.2)
Chemotherapy, n (%)

CD 50 (34.5)

CcVv 95 (65.5)
Histology, n (%)

SCC 91 (62.8)

Adenocarcinoma 54 (37.2)
T-stage, n (%)

1 15 (10.3)

2 24 (16.6)

3 67 (43.6)

4 39 (26.9)
N-stage, n (%)

2 18 (12.4)

3 127 (87.6)
TN stage, n (%)

TIN3 15 (10.3)

T2N3 24 (16.6)

T3N3 67 (46.2)

T4N3 21 (14.5)

T4N2 18 (12.4)
Tumor size (cm)

<7 109 (75.2)

>7 36 (24.8)
Smoking history, n (%)

Present 134 (92.4)

Absent 11 (7.6)
Smoking duration (years)

Median 21

Range (8-34)
RT dose

60 Gy 16 (11.0)

66 Gy 129 (89.0)
Chemotherapy cycles

18 (12.4)

2-3 127 (87.6)
Hemoglobin level

212 g/dL 76 (52.4)

<12 g/dL 69 (47.6)
Weight loss

<5% 96 (66.2)

25% 49 (33.8)

C-CRT=Concurrent chemoradiotherapy, CD=Cisplatin + docetaxel,
CV=Cisplatin + vinorelbine, Cl=Confidence interval, ECOG=Eastern
Cooperative Oncology Group, N=Node, SCC=Squamous cell carcinoma,
T=Tumor, RT=Radiotherapy

On univariate analyses [Table 2], among all factors, the
smaller tumor size (< vs. >7.0 cm), lower tumor stage
(T1-T2 vs. T3-4), lower nodal status (N2 vs. N3), absence
of anemia before C-CRT (hemoglobin [Hb] = vs. <12 g/dL),
and lesser degree or no weight loss” during the 6-month
pretreatment period (<5% vs. >5%) were found to be
associated with significantly longer median OS [Table 2].
On multivariate analysis, although the tumor size category
lost its significance, other four variables retained their
significant association with longer OS times as depicted in
Table 2 and Figure 2, respectively.
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Figure 1: Survival outcomes for whole study population: (solid line:
overall survival; dotted line: locoregional progression-free survival;
dashed line: progression-free survival)

DISCUSSION

We retrospectively analyzed the survival outcomes and
prognostic factors following definitive C-CRT in 145 Stage IIIB
NSCLC patients under 45 years old. In the absence of early or
late toxicity-related deaths, the documented median OS of
24.8 months accords well with the results of recent benchmark
C-CRT series in LA-NSCLC patients analyzed without age
stratification.?*?!l Notwithstanding the customary lower
T and N stages, the additional demonstration of favorable
association between the pretreatment normal Hb levels and
absence of significant weight loss (WL) (<5%) with longer
OS may prove further valuable in prognostic stratification of
such patients group.

NSCLC s the leading cause of all cancer-related morbidities and
mortalities worldwide. The incidence of NSCLC is reported to
be in the range of 3.8%-6.0% among patients <45-years,?*
but this rate tends to increase in young NSCLC population.**!
In our series, <45-years patients constituted 8.9% of all
LA-NSCLC patients, which is in general a bit higher than the
previously reported range.**l Although it is difficult to explain
this difference with a single cause, based on the evidence
demonstrating that >40% of all Turkish smokers begin
smoking before 16 years of age,?? we rationally anticipate
that this higher incidence may be a result of early onset and
longer exposure time to tobacco smoke and its carcinogenic
ingredients in our country. Supporting this anticipation, 92.4%
of our patients were active smokers for a median of 21 years at
the time of diagnosis, which satisfactorily meets the reported
range of 20-30 years of tobacco smoke exposure time needed
for lung cancer development.

Young NSCLC patients in the previous studies have been
suggested as a distinct clinicopathological entity with more
advanced stage at presentation, higher female proportion, and
higher rate of AC histology.*¢"!112l We are not able to comment

Table 2: Results of univariate and multivariate analyses

Factor Overall survival P
0,
months (95% CI) ynivariate Multivariate
Gender
Male 26.1 (22.7-29.5) 0.12 -
Female 21.6 (12.3-30.9)
ECOG performance
0 24.7 (21.8-27.6) 0.71 -
1 25.7 (19.9-31.4)
Histology
SCC 25.7 (23.2-28.2) 0.37 -
Adenocarcinoma 20.9 (16.2-25.6)
T-stage
1-2 27.8 (12.3-43.3) 0.02 0.048
3-4 23.8 (20.4-27.2)
N-stage
2 28.2 (10.3-46.1) 0.01 0.039
3 24.0 (20.8-27.2)
Tumor size (cm)
<7 29.1 (12.3-45.9) 0.03 0.14
>7 23.4 (19.6-27.2)
RT dose
60 Gy 24.5(19.2-29.8) 0.93 -
66 Gy 24.9 (20.8-29.0)
Chemotherapy
CD 26.1 (23.2-29.0) 0.56 -
CcVv 23.6 (19.5-27.7)
Chemotherapy cycles
2-3 25.1 (22.1-28.1) 0.32 -
1 22.7 (14.1-27.3)
Hemoglobin level
212 g/dL 31.0 (21.4-40.6)  <0.0001 <0.0001
<12 g/dL 14.9 (12.5-17.3)
Weight loss (%)
<5 36.2 (24.3-48.1)  <0.0001 <0.0001

=5 15.7 (12.8-18.6)
C-CRT=Concurrent chemoradiotherapy, CD=Cisplatin + docetaxel,
CV=Cisplatin + vinorelbine, Cl=Confidence interval, ECOG=Eastern
Cooperative Oncology Group, N=Node, SCC=Squamous cell carcinoma,
T=Tumor, RT=Radiotherapy

on stage distribution due to our limited analysis of only Stage
IIIB patients. Although male to female ratios differ between
various series due to the ethnic and environmental effects, yet
aratio of 3.1 observed here falls in the 1.5—4.5 range reported
for such patients.?**% In our study, histologically the SCC
(62.8%) was more common than AC (37.2%). Although this
finding appears to contrast with studies reporting the AC as
the dominant histology in the United States and Japan, yet it
is in accordance with European studies reporting SCC as the
leading histology.>%% Although SCC dominance in our cohort
may probably be associated with the presence of early-onset
and long-term smoking status, which is more important for
SCC development than AC, the potential impact of unidentified
causes and the ethnicity cannot yet be eliminated.

The median 24.8 months OS duration presented here is
comparable with the reported 21 and 26 months in two recent
benchmark C-CRT trials without age stratification.??! The
outcomes of young, middle-aged, and senior NSCLC patients
had been repeatedly compared with inconsistent results.>*"!
Some researchers noted that young patients had longer OS than
the older ones,’5"!1225 while others noted superior outcomes
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Figure 2: Comparative overall survival analyses according to pretreatment (a) T stage, (b) N stage, (c) hemoglobin levels, and (d) weight loss status

in favor of older patients.*>"! Interestingly, in the Bourke’s
analysis, NSCLC patients under 45 years of age had shorter
0S in Chicago but longer OS in Israel in comparison to older
counterparts.” In stark contrast with aforementioned results,
similar survival durations for young and old patients were also
reported in other series.?**” Despite the difficulties in assigning
these contradictory outcomes to a few causes, the significant
variations between different studies may probably be related
with varying environmental, ethnic, and genetic factors. In a
previous study in similarly treated 425 Stage IIIB NSCLC patients
with a median age of 62 years (range; 33—70), we reported a
median OS duration of 22.8 months which is similar with present
24.8 months.’! In addition, we could not show any survival
advantage favoring one age group over other after dichotomizing
patients into <55 and >55 years groups (22.8 vs. 22.6 months;
P = 0.72). Considering these two studies together, our current
outcomes appear to land support for previous studies reporting
similar survival times for young and old patients.*=

Besides landing support to the universally accepted prognostic
values of the lower T and N stages, two other essential findings

Journal of Cancer Research and Therapeutics - Volume 16 - Issue 4 - July-September 2020

of the present study were the emergence of the absence
of anemia (Hb =12 g/dL; P < 0.001) before C-CRT and WL
(<5%; P < 0.001) as the additional factors being associated
with significantly longer OS times. According to the Knight’s
systematic literature review, anemia has a prevalence rate of
30%-90% among cancer patients.? Although the anemia
has been intensely investigated and has been proved to be a
negative prognosticator in various tumor sites,”* surprisingly,
its impact on young NSCLC patients undergoing C-CRT has
rarely been addressed. Anemia, and therefore tumor hypoxia,
is an established condition that is directly associated with
radioresistance and contributes to decreased efficacy of many
chemotherapeutics via direct/indirect mechanisms.?**! In
their quantitative review, Caro et al. reported that lung cancer
patients presenting with anemia had 19% increased risk of
death.P® Similarly, in a recent study by Hsu et al.? in young
NSCLC patients, anemia was reported to significantly shorten
survival (hazards ratio: 2.08; 95% CI: 1.15-3.77). Supporting
them, patients with anemia had significantly shorter median
0S than those without (14.9 vs. 31 months; P < 0.001) in our
series.
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Weight loss, a key component of the irreversible and fatal
cancer-related anorexia-cachexia syndrome, is present to some
degree up to 80% of all NSCLC patients at presentation which
has been unmistakably shown to negatively alter patients’
performance status, quality of life, response to treatment,
and prognosis.”**" In our series, we observed 49 (33.8%) cases
presenting with >5% WL over the past 6 months preceding
initiation of C-CRT [Table 1]. Present >5% WL cutoff was the
one that was defined as the clinically significant WL cutoff
value for patients presenting with a BMI =20 kg/m?in a recent
cancer-specific consensus statement.! OQur stratification
patients into two groups according to their WL status
demonstrated that the cohort undergoing C-CRT with >5%
WL had significantly shorter OS times than the cohort
without (36.2 vs. 15.7 months; P < 0.001). This finding is
not novel but valuable regarding its particular description
in young patients in the absence of such specific evidence.
Moreover, exhibition of a poor prognostic worth for WL in
young NSCLC patients lands further support for the results of
age-unstratified and elderly studies revealing WL as a poor
prognosticator®4 and suggests that WLs prognostic value
is somehow independent of age at presentation, although its
extent may conceivably vary to some degree among different
age groups.

The current article is powered by two factors compared to
available young NSCLC literature: First, this is the first study
including only Stage IIIB patients exclusively treated by
definitive C-CRT. And second, exclusion of lung pathologies
other than SCC and AC prevents potential histology-related
biases. However, the present study has also some drawbacks:
First, as common for any retrospective study, unpredictable
biases might have influenced our results. Second, current
results could not be generalized to all young patients with
Stage IIIB NSCLC due to initial selection criteria of good
ECOG and exclusive SCC/AC histologies. And third, the lack
of mutation status determination due to limited availability
in our country might have altered our outcomes in some
patients, if not all, particularly at the salvage chemotherapy
setting. These issues warrant to be addressed in appropriately
designed prospective randomized trials with larger cohorts.

CONCLUSIONS

In the absence of any toxicity-related death, the present
median 24.8 months OS in young patients accords well with
the results of recent benchmark C-CRT series in LA-NSCLC
patients without age stratification.”*?! In addition, superior
OS in patients with normal Hb levels and <5% WL suggest
that these factors could easily be used among major prognostic
markers in further stratification of such patients in conjunction
with the well-recognized T and N stages and performance
status.
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