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ARTICLE INFO ABSTRACT

Keywords: Objectives: Several studies have reported that patients operated on for non-small cell lung cancer (NSCLC) are at
Non-small cell lung cancer high risk of second primary lung cancer (SPLC). However, widely varying estimates of this risk have been
Surgery ) reported, with very few studies taking into account that these patients are at particularly high competing risk of
Second primary lung cancer death, due to recurrence of the initial disease and to comorbidities. Risk factor evaluation over time has sig-

Postoperative radiotherapy

Follow-up nificant repercussions on the post-surgery surveillance strategy offered for NSCLC. This study primarily sought to

measure the risk of SPLC in a long-term follow-up series, using statistical methods considering competing risks of
death.

Materials and methods: The cumulative SPLC risk was estimated using the cumulative incidence of patients with
completely resected Stage I-III NSCLC diagnosed between 2002 and 2015 based on the Doubs and Belfort cancer
registry (France). A proportional sub-distribution hazard model (,4qRH) was used to investigate factors associated
with SPLC risk in the presence of competing risks.

Results: Among the 522 patients, adenocarcinoma and Stage I or II disease accounted for 52.3% and 75.7% of
patients, respectively. Overall, 84 patients developed SPLC (16.1%). The cumulative risk of SPLC was 20.2% at
10 years post-surgery (95% confidence interval [CI]: 15.3-23.2), and 25.2% (CI: 19.4-31.3) at 14 years post-
surgery. On multivariate analysis, the SPLC risk was significantly higher in patients with postoperative thoracic
radiotherapy (;qRH 2.79; 95% CI: 1.41-5.52; p = 0.003).

Conclusion: This study using appropriate statistical methods to consider competing risks showed that after
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complete NSCLC resection, the cumulative incidence function of SPLC was high, with patients receiving post-
operative thoracic radiotherapy at higher risk. These data support the need for life-long follow-up of patients
who undergo NSCLC surgery, with the objective of screening for SPLC.

1. Introduction

Lung cancer is the most common cause of cancer death worldwide
[1]. Non-small cell lung carcinoma (NSCLC) accounts for around 85%
of lung cancer cases. The standard treatment for patients with stage I
and II NSCLC is surgery based, with or without postoperative che-
motherapy depending on the pathological T and N status. Treatment for
stage III NSCLC consists either of concurrent chemoradiation, or sur-
gery with perioperative chemotherapy with or without thoracic radio-
therapy [2]. After surgery, the 5-year survival rates range between 23
and 83%, depending on stage [3].

After surgery, most international guidelines recommend regular
follow-up visits and chest computed tomography (CT), but the optimal
duration and frequency of follow-up remain unclear. Several studies
have shown that lung cancer survivors remain at high risk of developing
a second primary (metachronous) lung cancer (SPLC), even more than 5
years after treatment [4-9]. However, studies investigating the risk of
SPLC from resected NSCLC series reported widely varying estimates of
this risk, with very few of them taking into account that the patients
operated on for NSCLC are at particularly high competing risk of death,
due to recurrence of the initial disease and to comorbidities.

Therefore, the primary study objective was to estimate the long-
term incidence function of SPLC in a population-based cohort of pa-
tients operated on for Stage I to III NSCLC while taking account of the
competing risks of death during follow-up. The secondary objective was
to identify patient and tumor characteristics, as well as perioperative
treatments associated with an increased risk of SPLC (while factoring in
competing risks of death).

2. Material and methods
2.1. Study population

Patients were identified using the cancer registry for the Doubs and
Belfort administrative districts of France. All incident cases of NSCLC
diagnosed between January 1, 2002, and December 31, 2015, were
retrieved. Of those, all patients aged 18 years or older with a completely
resected pathological Stage I to III NSCLC were included. Staging was
determined according to the 6™ edition of the Union for International
Cancer Control (UICC) TNM classification for cases resected before
2009, and according to the 7% edition thereafter [10,11]. Complete
resection was defined as microscopically free surgical margins, and
either systematic mediastinal lymph node dissection or selective nodal
sampling. Patients were also eligible if they had incomplete resection
due to carcinoma in situ in the resection margins or metastatic tumors
due to pulmonary nodules in another ipsilateral lobe according to the
6™ edition of the UICC-TNM classification. The exclusion criteria were:
death within 30 days of surgery, synchronous lung cancer or a history
of prior cancer within the previous 5 years (except for basal cell car-
cinoma of the skin or carcinoma in situ of the uterine cervix). A con-
sensus approach on follow-up had been adopted for the Doubs and
Belfort region. The follow-up comprised clinic visits and chest CT every
6 months for 2 years, then every year between years 3 and 5, and lastly
chest X-ray or chest CT yearly beyond 5 years.

2.2. Data sources and variables studied
The data, routinely collected by the registry and from medical re-

cords, were as follows: date of diagnosis, topography, histology, date of
surgery, pathological classification of the primary tumor (pT) and
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regional lymph nodes (pN), and perioperative treatment (che-
motherapy; thoracic radiotherapy). Histology was dichotomized into
adenocarcinoma and non-adenocarcinoma (Appendix 1). Pathology
reports were retrospectively examined to determine whether the re-
section was complete. Smoking history was retrospectively collected.
Patients were classified as never-smokers (if they had smoked less than
10 cigarettes in their lifetime), former smokers (who had quit > 1 year
before diagnosis) or current smokers, and smoking was quantified in
pack-years.

A distinction was made between recurrence and SPLC using the
Martini and Melamed criteria [12]. According to this definition, a new,
distinct pulmonary malignancy was considered a SPLC if it fulfilled any
of the following three criteria: 1) histologic type different from that of
the index tumor; 2) same histologic type as that of the index tumor but
diagnosed at least 2 years later; or 3) same histologic type as that of the
index tumor, diagnosed within 2 years, but located in a different lobe or
lung, with no involvement of lymphatics common to both, and no
evidence of extrapulmonary metastasis [12]. Vital status, date of death,
and last available follow-up date were extracted from the medical re-
cords and registry database. An active search for vital status at De-
cember 31, 2017 was carried out.

2.3. Statistical analysis

Quantitative variables were expressed by median and range, and
qualitative variables by number and percentage. The event of primary
interest was the occurrence of SPLC. As many patients may die before
experiencing the event of interest due to poor NSCLC prognosis or co-
morbidities, death from any cause was considered as a competing risk.
Consequently, we used a competing-risks approach [13]. The time-to-
event was calculated from the date of surgical resection. Patients who
experienced no event during follow-up were censored at the time of last
contact.

We employed the cumulative incidence function (CIF) method to
estimate the “net” probability of SPLC over time among survivors of the
first lung cancer, i.e., the incidence of this event in the cohort before the
occurrence of death, the competing event. Firstly, annualized risks of
SPLC, corresponding to the cumulative incidence over 12-month in-
tervals, were estimated along with the corresponding 95% confidence
intervals (95% CI). For this estimation, patients who were still at risk
were recalculated at the beginning of each follow-up year. CIF curves
were estimated from surgery to the last observed time point, and were
generated for the whole cohort according to the following variables:
gender, age at initial surgery, smoking status and number of pack-years,
pT and pN, histology, and perioperative treatment (chemotherapy and/
or radiotherapy) of initial lung cancer. The CIF curves were compared
using Gray’s test. Then the Fine-Gray model was used to analyze the
prognostic effect of each variable on the sub-distribution hazard func-
tion of SPLC [14], that is, the relative change in the instantaneous rate
of the event occurrence in patients who were event-free or experienced
a competing event. Significance was assessed with the Wald test, and all
variables with a p value of 0.2 or less were retained for multivariate
analysis. Both unadjusted and adjusted sub-distribution relative hazards
were estimated along with the corresponding 95% CI [15]. In the final
multivariate model, the proportional hazard assumption was verified
for all significant covariates using the Schoenfeld residuals method. A
time-by-covariate interaction term was added to the model when the
assumption was not met [16]. All statistical tests were 2-sided, with a
significance level at 0.05. SAS Version 9.4 (SAS Institute, Inc., Cary, NC,
USA) was used to perform all statistical analyses.
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3. Results

A total of 556 patients with completely resected pathological Stage I
to III NSCLC were identified (Fig. 1). We excluded 16 patients who died
within 30 days of surgery, 2 patients with synchronous lung cancer, and
16 patients with a history of prior cancer within the previous 5 years.
Patient characteristics at baseline are summarized in Table 1. In the 522
eligible patients, median age was 64 years (range: 38-86), 73.6% of
patients were males, and 15.1% never-smokers. In ever-smokers, the
median number of pack-years was 40 (1-160). Adenocarcinoma ac-
counted for 52.3% of all cases, and Stage I or II 75.7%. A total of 233
patients (44.6%) received perioperative chemotherapy (preoperative
68 patients, postoperative 127 patients, both pre and postoperative 38
patients), and 44 patients (8.4%) postoperative thoracic radiotherapy
(plus preoperative chemotherapy 8 patients, plus postoperative che-
motherapy 24 patients, plus both pre and postoperative chemotherapy
2 patients).

Median follow-up was 59 months (2-190). Eighty-four patients
(16.1%) developed a SPLC, 180 (34.5%) died without evidence of SPLC,
and 258 (49.4%) were still alive, showing no evidence of SPLC at the
end date. The median time from surgery to SPLC was 47 months
(1-163). Of the 84 patients who developed a SPLC, 60 (71.4%) died
during follow-up. The treatment for SPLC was surgery *
chemotherapy = radiotherapy in 20 patients (23.8%), stereotactic
radiotherapy in 6 patients (7.1%), radiotherapy + chemotherapy in 13
patients (15.5%), chemotherapy in 32 patients (38.1%), and best sup-
portive care in 12 patients only (14.3%). The treatment for SPLC was
unknown in one patient.
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The CIF of SPLC during the follow-up period was 20.2% at 10 years
(95% CL: 15.3-23.2), and reached 25.2% at 14 years (95% CIL:
19.4-31.3; Fig. 2). The risk of SPLC persisted over time (Fig. 3). In eight
of the 84 cases, SPLC occurred within 2 years of surgery, and all had a
pathological type different from that of the index tumor. The patholo-
gical type was unknown in 7 (43%) of the 16 SPLC diagnosed during
year 3, in 7 (37%) of the 19 diagnosed during year 4, and in 5 (38%) of
the 13 diagnosed during year 5. It was different from that of the index
tumor in 4 (25%), 3 (16%) and 6 (46%), respectively. In the first 5 years
after surgery, the annual risk peaked at year 4 (5.8%, 95% CL:
3.6-8.6%). The risk persisted beyond year 9, with 7 SPLC cases among
the 92 patients alive at the beginning of year 10 after surgery of the
index lung cancer. Among these patients, the risk of SPLC during the
following 5 years reached 14.3% (95% CI: 9.6-27.0%).

The CIF curves for SPLC according to perioperative index cancer
treatment are shown in Fig. 4. Fourteen of the 44 patients who received
radiotherapy developed a SPLC. SPLC risks were significantly higher
among patients who received postoperative radiotherapy than among
those who received surgery or perioperative chemotherapy only (5, 10
and 14-year risks [95% CI]: 25.8% [13.2-40.6], 40.7% [23.6-57.2] and
40.7% [23.6-57.2]; 9.3 [5.8-13.7], 15.5% [10.3-21.5] and 23.0%
[14.9-32.1]; 12.8% [8.6-17.9], 18.4% [13.1-24.5] and 24.8%
[16.1-34.6], respectively, p = 0.003).

Sub-distribution relative hazards (;qRHs) estimated from Fine-Gray
univariate and multivariate models are presented in Table 2. On uni-
variate analysis, SPLC hazard was significantly increased for pN2 (;,qRH
[95% CI] 1.84 [1.08-3.15], p = 0.02) compared to pNO/1, and for
postoperative radiotherapy (2.88 [1.54-5.38], p = 0.004) compared to

Patients completely resected for Stage I
to III NSCLC, between 2002 and 2015

‘ N=556 ‘

Patients excluded:
o Death within 30 days of
surgery: 16
o Synchronous NSLC: 2
o History of prior cancer
within previous 5 years: 16

Patients included

YT

N=522

— Ny

Follow-up
(median duration 59 months)

of SPLC

of SPLC

‘ Death without evidence ’ [ SPLC ’ ‘ Alive without evidence }

ST R

Fig. 1. Flow chart of study patients. NSCLC: non-small cell lung cancer; SPLC: second primary lung cancer.
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Table 1
Baseline characteristics (N = 522).
N=522 (%)
Patients
Age
< 70 years 367 (70.3)
=70 years 155 (29.7)
Sex
Male 384 (73.6)
Female 138 (26.4)
Smoking status
Never-smokers 79 (15.1)
Current smokers 200 (38.3)
Previous smokers 227 (43.5)
Unknown 16 (3.1)
Pack-years
[0-10] 99 (19.0)
[11-39] 148 (28.3)
=40 253 (48.5)
Unknown 22 (4.2)
Tumors
Time of diagnosis
[2002-2009] 274 (52.5)
[2010-2015] 248 (47.5)
Histology
Adenocarcinoma 273 (52.3)
Non-adenocarcinoma 249 (47.7)
pT
pTO 4 (0.8)
pT1 169 (32.4)
pT2 261 (50.0)
pT3 63 (12.1)
pT4 19 (3.6)
Unknown 6 (1.1)
pN
pNO 312 (59.8)
pN1 121 (23.2)
pN2 82 (15.7)
Unknown 7 (1.3)
Stage (TNM)
1 273 (52.3)
I 122 (23.4)
111 117 (22.4)
Unknown 10 (1.9)
Treatment
Surgery 231 (44.3)
Surgery + Chemotherapy 233 (44.6)
Surgery + Radiotherapy * Chemotherapy 44 (8.49)
Unknown 14 (2.7)

pT: pathological classification of the primary tumor; pN: pathological classifi-
cation of the regional lymph nodes.
* 10 patients received Surgery + Radiotherapy.

surgery alone. As they were associated with the risk of SPLC with a p
value < 0.20, the variables time of diagnosis, age, pack-years, pN, and
treatment of the index tumor were retained in multivariate modeling.
After adjusting for time of diagnosis, age, smoking (pack-years) and pN,
the initial perioperative cancer treatment was the main factor asso-
ciated with SPLC hazard. Compared to surgery alone, postoperative
radiotherapy significantly increased SPLC hazard (2.79 [1.41-5.52],
p = 0.003), whereas perioperative chemotherapy did not (1.32
[0.77-2.26], p = 0.31). SPLC hazard tended to be higher among pa-
tients aged 70 and older compared to their younger counterparts (1.57
[0.98-2.51]). All variables included in the final model met the pro-
portional hypothesis assumption, except for age, for which the time
interaction term was significantly associated with the risk of SPLC
(p = 0.01). When the interaction term was included in the model, in-
creased age became significantly associated with a higher risk of SPLC
up to year 4 after surgery (2.51 [1.39-4.54]). Relative hazard estima-
tions for the other covariates were not modified (data not shown).
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4. Discussion

In this exhaustive population series of 522 resected Stage I to III
NSCLC patients with a long follow-up (median 59 months, maximum of
more than 15 years), our results showed a high risk of SPLC (84 pa-
tients, 16.1%). Cumulative incidence, which took account of competing
risks of death, was 20.2% at 10 years and 25.2% at 14 years. SPLC cases
were observed throughout follow-up, up to year 14 after initial surgery.
In a multivariate analysis that took competing risks of death into ac-
count, patients who received postoperative radiotherapy (with or
without chemotherapy) had a significantly higher risk of developing
SPLC than did patients who had surgery with or without chemotherapy
(hazard ratio = 2.79; 95% CI: 1.41-5.52).

4.1. Second primary lung cancer

The majority of the mostly retrospective series have reported SPLC
rates after surgery for Stage I to III NSCLC of up to 8.6% [4,7,8,17-21].
Only the single-center trial of 124 resected Stage IA NSCLC by Lamont
et al. has reported a 15.3% SPLC rate close to ours [22]. In studies with
median follow-up durations similar to this study, the highest SPLC rates
reported were around 8% [4,17,18]. In a Surveillance Epidemiology
and End Results (SEER) cohort including 20032 patients who survived 5
years after an initial diagnosis of lung cancer, the median 10-year risk
of SPLC was 8.36% [7].

One of the difficulties in estimating the risk of SPLC revolves around
the definition used to distinguish new primaries from lung recurrences.
Most studies have applied the same definition as Martini and Melamed,
which considers distinct pulmonary malignancies with the same histo-
logic results as being SPLC if they are diagnosed at least two years after
the index primary lung cancer [6,17-20]. Others have defined SPLC as
a new, distinct lung malignancy diagnosed more than 5 years after the
primary tumor, using a stricter definition than the Martini and Mel-
amed criteria [7,8,21]. Comparing radiographic and metabolic ap-
pearance, growth patterns, comprehensive histologic assessments,
genomic hybridization and biomarker patterns has been proposed to
differentiate separate primary lung cancers from metastatic foci in the
eighth TNM classification, yet even this is considered to be associated
with a substantial rate of misclassification [23]. In our study, all the
eight cases of SPLC diagnosed within the two first years of surgery had a
histological type different from that of the index tumor, suggesting that
these tumors were indeed SPLC. Although the risk of recurrence de-
creases after two years, misclassifications cannot be eliminated as 13
(27%) of the 48 SPLC had the same histologic type as the index primary
lung cancer.

Some differences in patient characteristics are associated with a
higher risk of SPLC, and these should also be considered when at-
tempting to understand the risk of SPLC. After surgery for Stage III
NSCLC, the risk of recurrence is higher than the risk of SPLC [24]. Even
in series excluding resected Stage III NSCLC, the SPLC rate has not
exceeded 8.6% [8,20]. Age cannot be the reason for the difference ei-
ther, since our median age was comparable to that of the published
literature [8,18]. The risk of SPLC may also be linked to smoking his-
tory [19]. The 15% non-smoker rate in our study was comparable to the
rate of non-smokers in other trials [8,18]. A quantification of smoking
in pack-years is often lacking in the literature. When available, the
number of pack-years was, as in our study, retrospectively collected and
therefore at risk of information bias. None of the trials, ours included,
has provided information on smoking cessation after surgery. Most of
the series published are older, ranging from 1972 to 2012, and taken
together they cover more time before the year 2000 than after. Progress
over time in clinical and pathological diagnosis may likewise have in-
fluenced the 16.1% SPLC rate observed in this series, as may regional
surveillance practices with regular follow-up visits and chest CT.
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0.5

0.4

0.3

Probability

0.2 1

0.1

0.0

T T

10 15

Time in years from surgery

Fig. 2. Cumulative incidence function of SPLC considering the competing risk of death during follow-up (N = 522 patients with surgical resection for NSCLC).

SPLC: second primary lung cancer; NSCLC: non-small cell lung cancer.

Finally, the risk of SPLC is strongly influenced by the number of
patients at risk over the study period. Therefore, such an analysis
should take into account the actual number of patients at risk over time.
Only few studies have considered competing risks, mostly death from
comorbidity or recurrence of the index lung cancer [7,18]. In the study
by Ripley et al., which only included surgically treated patients and
used the same definition for SPLC as in the present study, the CIF of
SPLC at 10 years was around 20%, exactly the same as that observed
here [18]. Our results were based on a recent series and used appro-
priate methods to adjust for competing risks, and they clearly show that
the risk of SPLC may be even higher than we usually think and should
not be underestimated.

Annual SPLC risks increased after the first two years. In the study by
Lou et al., the annual SPLC rate increased from 3 to 6 per 100 person-
years between years 1 and 5 after surgery [24]. These results are con-
sistent with those observed in our study, and reflect the definition used

9
8
7
—~ 6
]
o 5
-l
[a
“ 4
o
¥ 3
2
2
) %
0
Year 1 Year 2 Year 3
SPLC 3 5 16
Deaths 35 47 25
Patients at risk 522 481 425
Risk of SPLC (%) 0.6 1.0 4.0
95% Cl, lower bound 0.2 0.4 2.4
95% Cl, upper bound 1.6 2.3 6.2

to distinguish SPLC from lung recurrences [12]. Concordant results
were reported in a population-based cohort from the Public Health
England National Cancer Registration and Analysis Service, showing an
increased incidence of subsequent lung cancer for at least a decade from
the first diagnosis [25]. The risk of SPLC persists after 5 years, and even
after 10 years, with the SPLC rate being 5.6% in year 14 after surgery.
As observed in the literature, the risk of SPLC after lung cancer surgery
did not plateau [17,18], proving the need for follow-up of these patients
until death.

4.2. Characteristics associated with the risk of SPLC

In multivariate analysis adjusted for age, smoking status, period of
diagnosis and pN, thoracic radiotherapy after surgery for the index
cancer was the only variable significantly associated with SPLC risk
(aRH 2.79; 95% CI: 1.41-5.52). The two periods of diagnosis,

Year 4 Year 5 Year 6 Year 7 Year 8 Year 9
19 13 8 7 3 3
19 21 6 6 4 6

345 280 223 180 145 118
5.8 4.8 3.8 4.2 2.2 2.6
3.6 2.7 1.8 1.8 0.6 0.7
8.6 7.8 7.0 8.0 5.7 7.0

Fig. 3. Annual risk of SPLC after surgery with competing risk of death factored in.
SPLC: second primary lung cancer; Deaths during the year; Patients at risk at the beginning of the year (patients at risk at the beginning of the previous year - number

of deaths during the year — number of patients lost to follow-up).

27



T. Leroy, et al. Lung Cancer 137 (2019) 23-30

0.6
Surgery

———- Surgery+chemotherapy

— - — Surgery+radiotherapy+/-chemotherapy
0.5
0.4 T T T T

— -
-

0.3

Probability

0.2

0.1

Gray's test, p=0.003

T T T

0 5 10 15
Time in years from surgery

0.0

Fig. 4. Cumulative incidence of SPLC by subgroup of first cancer treatment, with competing risk of death factored in. SPLC: second primary lung cancer.

Table 2
Univariate and multivariate analyses of factors associated with SPLC hazard during follow-up (Fine-Gray model).
SPLC
Unadjusted 95% CI p Adjusted* 95% CI p
««RH ««RH

Age 0.12 0.06
< 70 years
=70 years 1.43 0.91-2.23 1.57 0.98-2.51

Sex 0.72
Male
Female 0.91 0.55-1.51

Smoking status 0.32
Never-smoker
Current smoker 1.48 0.73-3.02
Previous smoker 1.09 0.53-2.27

Pack-years 0.18 0.21
[0-10]
[11-39] 1.70 0.87-2.33 1.70 0.87-3.31
=40 1.18 0.61-2.29 1.20 0.63-2.31

Time of diagnosis 0.08 0.18
[2002-2009]
[2010-2015] 0.66 0.41-1.05 0.72 0.45-1.17

Histology 0.42
Adenocarcinoma
Non-adenocarcinoma 1.19 0.78-1.82

pT 0.42
pTO, pT1
pT2 0.75 0.48-1.19
pT3, pT4 0.74 0.38-1.45

pN 0.02 0.14
PNO, pN1
PN2 1.84 1.08-3.15 1.55 0.87-2.78

Treatment 0.003 0.01
Surgery
Surgery + Chemotherapy 1.26 0.78-2.02 1.32 0.77-2.26
Surgery + Radiotherapy + Chemotherapy 2.88 1.54-5.38 2.79 1.41-5.52

SPLC: second primary lung cancer; 95% CI: 95% confidence interval; (4RH: relative hazard for SPLC; *: Adjusted for time of diagnosis, age, pack-years, pN; pT:
pathological classification of the primary tumor; pN: pathological classification of the regional lymph nodes.
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2002-2009 and 2010-2015, were chosen to take into account the
change in the TNM classification in 2010, from the 6 to the 7" edition.
Because only 10 of the 44 patients who received postoperative radio-
therapy had no chemotherapy, the interaction between postoperative
radiotherapy and chemotherapy was not tested, meaning that the
heightened incidence could have been due to an additive or synergistic
effect of radiotherapy and chemotherapy.

There are only a few series in which the correlation between thor-
acic radiotherapy after surgery and the risk of SPLC have been ana-
lyzed. In the SEER database of 20032 Stage I to IV NSCLC patients who
survived 5 years after an initial lung cancer, the proportion of patients
who received radiotherapy was 20.6% in both the censored and SPLC
groups [7]. However, in that series, all NSCLC stages were eligible, and
both surgery and thoracic radiotherapy were given to 1435 patients
(11%). The treatment variable is reported not to influence the risk of
SPLC, but no information on the specific risk of postoperative radio-
therapy is available. Patients treated with chemotherapy and radio-
therapy for Stage III NSCLC probably have a higher competing risk of
recurrence than a risk of SPLC. Of the 1484 patients included in the
series by Duke University Medical Center, postoperative radiotherapy
did not influence the risk of SPLC, but only 85 patients received such
treatment [19]. The postoperative radiotherapy (PORT) meta-analysis
of 14 trials and 2343 patients evaluating surgery versus surgery plus
radiotherapy showed an 18% relative increase in the risk of death after
radiotherapy in patients with completely resected NSCLC [26]. The
SPLC rate was not reported. Nevertheless, postoperative radiotherapy
may be useful for Stage III N2 NSCLC [27], a question which should be
answered by the LungART randomized trial [28]. It ought to be noted
that, despite its potential interest, we did not perform a pattern of re-
lapse analysis to verify that the SPLC we observed in radiated patients
occurred inside the radiation fields, and so we cannot conclude that
radiotherapy was directly responsible for the increased incidence of
SPLC in our patients. A confusion bias cannot be completely ruled out,
as patients who are delivered postoperative radiotherapy were those at
high risk of recurrence. However, these patients are more likely to
develop an early recurrence and all the SPLC diagnosed within the first
two postoperative years had a histologic type different from that of the
index tumor. Still, considering the controversial data in the literature on
the impact of postoperative radiotherapy on lung cancer patients, and
the results of the PORT meta-analysis [26], the significant association
that we showed between an increased risk of SPLC and radiotherapy
should be particularly borne in mind when postoperative radiation is
being discussed.

Of the other variables, only smoking history expressed as pack-years
was reported to be associated with an increased risk of SPLC on mul-
tivariate analysis in the Duke University series of 1484 patients cited
above [19]. In the SEER database, high-risk individuals were defined
according to deciles based on age, histology, and disease extent [7]. In
our study, there was a trend toward a correlation between increasing
age and the risk of SPLC (p = 0.06). In the study by Boyle et al., on Cox
multivariate analysis per 10 pack-years, smoking was significantly as-
sociated with the risk of developing SPLC (hazard ratio 1.08; 95% CI
1.01-1.16; p = 0.03) [19]. In contrast, we found that pack-year ex-
posure was not significantly associated with SPLC hazard (p = 0.21) on
Fine-Gray multivariate modeling. As in our study, CIF curves of SPLC
did not differ according to smoking status (p = 0.16) in the study by
Ripley et al. [18].

To conclude, this study using appropriate statistical methods to take
account of competing risks showed that after complete resection for
NSCLC the CIF of SPLC was high (around 20% at 10 years and 25% at
14 years) and did not plateau. Patients who received postoperative
thoracic radiotherapy were at higher risk of SPLC. These data confirm
the need for life-long follow-up of patients who undergo surgery for
NSCLC, with the objective of screening for SPLC.
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Appendix 1. Morphology codes

- Adenocarcinoma (morphology codes 81403, 82113, 82303,
82503, 82553, 82603, 82633, 84803, 84813, 85503, 85513, 82653,
82533, 82543)

- Non-adenocarcinoma (squamous cell carcinoma: 80523, 80703,
80713, 80723, 80733, 80743, 80833, 85603, 81233, 80823; large-cell
carcinoma: 80123, 80133, 80463, 80203; pleomorphic carcinoma:
80223; undifferentiated carcinoma: 80203; pseudosarcomatous carci-
noma: 80333; and non-small cell carcinoma, NOS: 80463)
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