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ABSTRACT

Background: Adjuvant chemotherapy, postoperative radiation (PORT), and pro-
phylactic cranial irradiation (PCI) have been individually examined in limited-stage
small cell lung cancer (SCLC). There is a paucity of data on the effectiveness of
each adjuvant treatment modality when used in combination after surgical resec-
tion of SCLC.

Methods: Data were collected from 5 cancer centers on all patients with limited-
stage SCLC who underwent surgical resection between 1986 and 2019. Univariate
and multivariable models were conducted to identify predictors of long-term out-
comes, focusing on freedom from recurrence and survival benefit of adjuvant
chemotherapy, PORT, and PCI.

Results: A total of 164 patients were analyzed. Multivariable Cox regression analysis
did not identify any adjuvant therapies to significantly influence recurrence in this
cohort. Specifically, PORT was not associated with a significant influence on locore-
gional recurrence and PCI was not significantly associated with intracranial out-
comes. Adjuvant chemotherapy improved survival in all stage I through III disease
(hazard ratio, 0.49; 95% confidence interval, 0.29-0.81; P¼ .005) and even in path-
ologically node negative patients (hazard ratio, 0.49; 95% confidence interval, 0.27-
0.91; P¼ .024). Although PCI was found to improve survival in univariate analysis, it
was not significant in a multivariable model. PORT was not found to affect survival
on either univariate or multivariable analysis.

Conclusions: This is among the largest multi-institutional studies on surgically re-
sected limited-stage SCLC. Our results highlight survival benefit of adjuvant chemo-
therapy, but did not identify a statistically significant influence from mediastinal
PORT or PCI in our cohort. Larger prospective studies are needed to determine
the benefit of PORT or PCI in a surgically resected limited-stage SCLC population.
(J Thorac Cardiovasc Surg 2021;161:760-71)
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CENTRAL MESSAGE

For patients with surgically re-
sected limited-stage small cell
lung cancer, adjuvant chemo-
therapy improves survival
regardless of mediastinal nodal
involvement.
PERSPECTIVE
There is a paucity of data evaluating the influence
of chemotherapy, postoperative chest radiation,
and prophylactic cranial irradiation used in com-
bination after surgical resection of limited-stage
small cell lung cancer. In this multi-institutional
cohort, adjuvant chemotherapy was associated
with a survival benefit. Larger studies may be
needed to detect the influence of prophylactic
cranial irradiation and postoperative chest radia-
tion in this cohort.
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Abbreviations and Acronyms
FFR ¼ freedom from recurrence
SCLC ¼ small cell lung cancer
PCI ¼ prophylactic cranial irradiation
PORT ¼ postoperative radiation therapy
OS ¼ overall survival
RFS ¼ recurrence-free survival
LRR ¼ locoregional recurrence
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Small cell lung cancer (SCLC) is an aggressive malignancy,
with more than 180,000 cases diagnosed annually world-
wide, comprising roughly 13% of thoracic malignancies.1,2

Combined modality therapy with concurrent chemoradia-
tion has been the standard of care.3-6 Recently, there was
renewed interest in surgical resection of limited-stage
SCLC, which is typically defined as disease confined to 1
hemithorax with regional lymph node metastases,
equivalent to stage I through III of the tumor, node, and
metastases staging criteria system.7 A 2010 analysis of
the Surveillance, Epidemiology, and End Results database
demonstrated improved survival for patients with localized
and regional disease after resection; median survival
increased from 15months to 42 months and from 12months
to 22 months, respectively.8 A more recent retrospective
review also demonstrated superior results of surgery for
stage I SCLC, with a 5-year survival of 62% after resection
compared with 25% with nonsurgical therapy.9 Current
National Comprehensive Cancer Network guidelines
recommend that patients with suspected limited-stage
disease undergo invasive mediastinal staging and
subsequent resection if there is no involvement of
mediastinal lymph nodes.10,11 Despite this recommenda-
tion, surgical therapy has been remarkably underutilized
for SCLC even in potentially appropriate patients,12,13

Thus, there are relatively little data on the outcomes of
surgically resected cohorts and the effect of combined
modality therapies such as chemotherapy, postoperative
radiation (PORT), prophylactic intracranial radiation
(PCI), and their influence on outcomes.

The vast majority of clinical trials evaluating the roles
of chemotherapy,14-17 chest radiation,18 and PCI18-21
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have been conducted in patients without surgery
as a part of the treatment modality. Guideline
recommendations for adjuvant therapies in limited-
stage disease are largely based on retrospective
studies.8,9,22 Although adjuvant chemotherapy appears
to improve survival in most studies,23,24 it is unclear
what influence PORT may have for node-positive
patients.24,25 PCI is also controversial because it has
been shown in some studies to be beneficial in all
limited-stage disease, but there may be no benefit in
patients with stage I disease,24,26,27 in which case,
surveillance strategy with close imaging can be a viable
option given the known neurotoxic effects of PCI.
Nevertheless, there is a lack of large studies that evaluate
all the adjuvant treatment modalities in postresection
patients.
In this study, we combined institutional data from 5

large-volume cancer centers across the United States
and Canada to generate a large multi-institutional cohort
in an attempt to gain insight into the utility of adjuvant
therapies in resected limited-stage SCLC. We hypothe-
sized that combined modality therapy would improve
oncologic outcomes after surgical resection of SCLC,
and the purpose of this study was to examine the survival
and recurrence patterns following various adjuvant
therapies in limited-stage SCLC after surgical resection.
MATERIALS AND METHODS
Patient Cohort

This multi-institutional retrospective cohort study received approval

from the institutional review board at the University of Texas MD An-

derson Cancer Center (protocol PA18-0055) and interinstitutional data

user agreements were obtained from all involved institutions. Patients

who are aged 18 years or older with the diagnosis of limited-stage

SCLC and who underwent upfront surgical resection were retrospec-

tively identified. In this study, limited-stage SCLC was defined as T1

2N0 2M0 disease confirmed on the final pathology. Considering the

fact that resections for SCLC are rather rare, we collected all available

data, regardless of the time period, to capture the largest patient cohort.

Although this approach has its limitations, we were compelled to

include all available data to maximize the patient cohort. The resulting

aggregate multi-institutional data were then analyzed. Patients who

received any induction therapy were excluded. Preoperative staging

procedures varied within and between institutions over time because

they represented trends in care at that time and also individual surgeon’s

judgment. Surgical resections were categorized into sublobar resections

(wedge or segmentectomy), lobectomy, or greater than lobectomy

(bilobectomy, sleeve resections, and pneumonectomy). All pathologic

stages were reported according to the seventh edition of the tumor,

node, and metastases staging criteria by the American Joint Committee

on Cancer, consistent with the time period of the study conception.28

Pathologic confirmation of SCLC was required. In cases of mixed

histology, a predominant SCLC histology was required to meet

inclusion criteria. There were 2 patients who died within 30 days of sur-

gery (1.08%), and were excluded because they were unlikely to have

been administered adjuvant therapies. Baseline clinicopathological

variables were collected and analyzed, as well as treatment variables

such as delivery of adjuvant chemotherapy, mediastinal PORT, and PCI.
rdiovascular Surgery c Volume 161, Number 3 761



TABLE 1. Baseline and perioperative characteristics

Variable Overall (N ¼ 164)

Age 68 (62-73)

Male sex 83 (51)

Smoker 145 (88)

COPD 56 (34)

CAD 18 (11)

CHF 3 (2)

DM 20 (12)

Tumor size (cm) 2.1 (1.5-3.5)

pT

pT1 90 (55)

pT2 50 (31)

pT3 16 (10)

pT4 2 (1)

pTx 6 (4)

pN

pN0 102 (62)

pN1 31 (19)

pN2 31 (19)

pTNM

Stage I 82 (50)

Stage IIa 14 (9)

Stage IIb 29 (18)

Stage III 39 (24)

Resection method

Sublobar 46 (28)

Single lobectomy 101 (62)

>Lobectomy 17 (11)

R0 resection 156 (94)

90-d mortality 6 (3.7)

Adjuvant chemotherapy 112 (68)

Adjuvant chest radiation 42 (26)

PCI 43 (26)

Values are presented as n (%) or median (interquartile range). COPD, Chronic

obstructive pulmonary disease; CAD, coronary artery disease; CHF, chronic heart

failure; DM, diabetes mellitus; PCI, prophylactic cranial irradiation.
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Statistical Analysis
Continuous data were compared usingWilcoxon rank-sum test, and cat-

egorical data were compared using the c2 or Fisher exact test, where appro-

priate. Median potential follow-up time duration was calculated using the

reverse Kaplan-Meier method.29 Overall survival (OS) was defined as the

time from surgery to death from any cause or last follow-up visit, and

recurrence-free survival (RFS) was defined as the time from surgery to first

recurrence, death, or last follow-up visit. Freedom from recurrence (FFR)

was defined as the time from surgery to recurrence or the last follow-up. To

identify the relationship between various treatment modalities and disease

control, we assessed the following outcomes: the benefit of adjuvant

chemotherapy by the analysis of FFR, the benefit of adjuvant PORT using

the analysis of freedom from locoregional recurrence (LRR), and the

benefit of PCI by assessing the freedom from brain recurrence. The

Kaplan-Meier method was used to estimate time-to-event outcomes, and

the log-rank test was used to compare groups. To account survival
762 The Journal of Thoracic and Cardiovascular Surg
differences by time period, we compared survival by 4 decades:

1986-1989, 1990-1999, 2000-2009, and 2010-2019.

Cox proportional hazard model was used to identify clinicopathological

factors associated with outcomes of interest. For the multivariable model,

we included all factors with a P value<.2 in the univariate analysis. Due to

its clinical importance, adjuvant chemotherapy was included in the final

models for OS and FFR models a priori, whereas adjuvant PORT was

included a priori for OS and freedom from LRR, and PCI was included a

priori for OS and freedom from brain recurrence. All statistical analyses

were performed using IBM SPSS version 24.0 (IBM-SPS Inc,

Armonk, NY) and RStudio software version 1.1.463 (RStudio Inc, Boston,

Mass).

RESULTS
We identified 164 out of 186 patients who met inclusion

criteria for analysis (Figure E1). Patient baseline,
operative, and perioperative characteristics are summa-
rized in Table 1. In general, SCLC patients were elderly
(median age, 68 years), mostly smokers (88%), and
underwent lobectomy (62%). There were 83% of patients
who completed positron-emission tomography-computed
tomography, 63% completed mediastinal staging with
mediastinoscopy or endobronchial ultrasound, and 67%
completed brain magnetic resonance imaging before
surgery. Patients were staged as pathologic stage I, II, or
III in 82 (50%), 43 (27%), and 39 (24%) instances. The
90-day mortality rate was 4% (6 out of 164). The
examination of final pathology revealed that 154 (94%)
of specimens were confirmed to be pure SCLC, and for
10 (6%) with mixed histology, SCLCwas the predominant
histology. Survival improved over time. Median OS for
each decade was as follows: 26 months for 1986-1989,
37 months for 1990-1999, 60 months for 2000-2010, and
59 months for 2010-2019. The latter 2 decades
(2000-2009 and 2010-2019) had significantly better OS
compared with 1986-1989. Upon Cox multivariable
analysis for OS, coronary artery disease (hazard ratio
[HR], 3.33; 95% confidence interval [CI], 1.6-6.96;
P ¼ .001) and nodal disease (HR, 1.61; 95% CI,
1.00-2.60; P ¼ .049) were independently associated with
poor survival, whereas lobectomy (HR, 0.54; 95% CI,
0.34-0.86; P ¼ .010) and adjuvant chemotherapy (HR,
0.49; 95% CI, 0.27-0.91; P ¼ .024) were associated
with improved survival (Table 2). Recurrence patterns
were as follows: there were a total of 50 (30.5%)
recurrences, 23 (14%) locoregional recurrences, 33
(20.1%) distant recurrences, and 12 (7.3%) brain
recurrences.

Adjuvant Chemotherapy
Adjuvant chemotherapy was administered in 111 (68%)

patients. Cisplatin or carboplatin with etoposide for 4 to 6
cycles was the predominant regimen. The rate of adjuvant
chemotherapy for patients with pathological nodal status
of pN0, pN1, and pN2 was 70 (68%), 27 (87%), and 14
(45%), respectively (P ¼ .002).
ery c March 2021



TABLE 2. Cox proportional hazards model for mortality among the entire cohort

Variable

Univariable analysis Multivariable analysis

Hazard ratio (95%

confidence interval) P value

Hazard ratio (95%

confidence interval) P value

Age>65 y 1.91 (1.23-2.98) <.001 1.71 (1.00-2.94) .052

Female sex 0.73 (0.50-1.08) .114 0.87 (0.55-1.39) .565

Smoker 0.66 (0.37-1.15) .139 1.09 (0.45-2.64) .854

COPD 1.24 (0.81-1.90) .314

CAD 1.91 (1.06-3.46) .032 3.33 (1.60-6.96) .001

CHF 0.61 (0.08-4.38) .623

DM 2.03 (1.16-3.53) .013 1.54 (0.76-3.15) .232

Tumor size 1.09 (0.97-1.24) .145 1.15 (1.00-1.33) .056

Lobectomy (vs other) 0.58 (0.40-0.86) .006 0.54 (0.34-0.86) .010

Positive surgical margin 2.72 (1.41-5.28) .003 1.83 (0.72-4.65) .204

pNþ 1.65 (1.31-2.09) <.001 1.61 (1.00-2.60) .049

Adjuvant chemotherapy 0.41 (0.27-0.60) <.001 0.49 (0.29-0.81) .005

PORT 0.69 (0.43-1.08) .107 0.79 (0.42-1.50) .471

PCI 0.49 (0.30-0.80) .004 0.78 (0.41-1.49) .447

Treatment decade 0.92 (0.73-1.16) .501

COPD, Chronic obstructive pulmonary disease; CAD, coronary artery disease; CHF, chronic heart failure; DM, diabetes mellitus; pNþ, pathological nodal disease; PORT, post-

operative radiation therapy; PCI, prophylactic cranial irradiation.
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There was a survival benefit among those who received
adjuvant chemotherapy, with a median survival time of
75 months (95% CI, 57-93 months) versus 17 months
(95% CI, 13-20 months) (P < .001). Local recurrence
(8% vs 8%), regional (9% vs 9%), or distant (20% vs
21%) recurrence were not different between those who
received adjuvant chemotherapy and those without. Adju-
vant chemotherapy was not a significant factor in FFR in
Kaplan-Meier analysis (Figure 1), or in Cox multivariable
regression analysis (HR, 0.85; 95% CI, 0.46-1.58;
P ¼ .610) for FFR (Tables E1 and E2).

Adjuvant Chest Radiation (PORT)
PORT was administered to 42 (26%) patients. The

average time from surgery to start of radiation was
5.2 months (interquartile range [IQR], 2.4-6.7 months),
with most patients receiving radiation dose of 45 Gy in 30
fractions. There were 36 (86%) patients who received
PORT also received adjuvant chemotherapy. PORT was
significantly more likely to be used in patients with
pathologically involved lymph nodes, with 20 (20%) in
pN0, 9 (29%) in pN1, and 13 (32%) in pN2 disease
(P ¼ .040).

The median survival time was 73 months (95% CI,
54-92 months) versus 48 months (95% CI, 21-75 months)
among those treated with versus without PORT,
respectively (P ¼ .106). We consider this difference
clinically although not statistically significant. The local
The Journal of Thoracic and Ca
(7% vs 10%), regional (9% vs 10%), and distant (20%
vs 21%) recurrences were not different between those
who received PORT versus those who did not. PORT was
not associated with differences in freedom from LRR in
Kaplan-Meier analysis (Figure 2) or Cox multivariable
regression analysis (HR, 0.85; 95% CI, 0.34-2.11;
P ¼ .724).

PCI
PCI was administered in 43 (26%) patients. The average

time from surgery to the start of PCI was 6.7 months (IQR,
5.6-7.4 months), and patients most frequently received
25 Gy in 10 fractions. Thirty-seven (86%) patients who
received PCI also received adjuvant chemotherapy.
Administration of PCI was not different for patients based
on nodal disease, the rate of treatment for patients with
pN0, pN1, and pN2 was 27 (26.5%), 8 (25.8%), and 8
(25.8%), respectively (P ¼ .996).
The median survival time for patients who received

PCI was 76 months (95% CI, 45-107 months) versus
36 months (95% CI, 10-62 months) for those without
PCI (P ¼ .003). There were 3 (7%) brain recurrences
among patients who received PCI, and 9 (7%) brain
recurrences among patients without PCI (P ¼ 1.000).
PCI was not associated with freedom from brain
recurrence in Kaplan-Meier analysis (Figure 3) or upon
Cox univariate regression analysis (HR, 0.76; 95% CI,
0.21-2.83; P ¼ .687).
rdiovascular Surgery c Volume 161, Number 3 763
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FIGURE 1. Freedom from recurrence after adjuvant chemotherapy. In patients with limited-stage small cell lung cancer after surgical resection, this graph

depicts freedom from recurrence for patients who have received adjuvant chemotherapy (red), and patients who have not received adjuvant chemotherapy
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Subset Analysis for pN0 and pNþ Disease
It is of clinical importance to analyze which adjuvant

therapy, if any, provided survival benefit in the subset of
patients with and without pathologic nodal disease. Thus,
we performed subset analyses for pN0 (n ¼ 102) and
pNþ (n ¼ 62) patients. In evaluating RFS, adjuvant
chemotherapy patients had increased median RFS
compared with those without adjuvant chemotherapy for
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FIGURE 2. Freedom from locoregional recurrence after postoperative radiation

surgical resection, this graph depicts freedom from locoregional recurrence for p
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both pN0 (83 vs 15 months; P< .001) and pNþ patients
(18 vs 13 months; P<.001) (Figure 4). In Cox multivariable
model, adjuvant chemotherapy was associated with survival
benefit for both pN0 and pNþ patients, (HR, 0.49; 95% CI,
0.27-0.91; P ¼ .024 and HR, 0.41; 95% CI, 0.18-0.94;
P ¼ .035, respectively). However, neither PORT nor PCI
were associated with recurrence or survival upon
multivariable analysis.
4 5 6 7

44
17

35
16

25
14

20
11

e (years)

adiation Chest Radiation
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DISCUSSION
Surgical resection followed by adjuvant chemotherapy is

a therapeutic option for early limited-stage SCLC.11 Early
limited-stage disease treated with chemoradiation in the
Concurrent Once-daily Versus twice-daily Radiotherapy
trial approached 50% 5-year survival,16 and the available
phase 2 trial data of surgical resection in this cohort reached
similar survival rates.30-33 These findings were further
corroborated in a study of National Cancer Database data
by Yang and colleagues,23 with a 5-year survival rate of
52% following surgery and chemotherapy. Our analysis
confirmed the benefit of adjuvant chemotherapy in
limited-stage SCLC in both node-positive and node-
negative patients. However, in our patient cohort, we were
not able to detect the difference in the freedom from recur-
rence or survival benefit for PORT or PCI (Figure 5). Addi-
tionally, nodal disease appears to be an important factor for
both survival and recurrence.

In our study, PORT did not affect freedom from
locoregional recurrence nor did it affect OS. Similarly, in
the analysis of pT1 2N0 M0 patients by Yang and
colleagues,23 chemotherapy with radiation to the lung
(HR, 0.88; 95% CI, 0.63-1.23; P ¼ .45), as well as lung
radiation alone (HR, 0.83; 95% CI, 0.42-1.64; P ¼ .59)
were not found to be significant predictors of survival on
multivariable analysis.23 In the study by Wakeam and
colleagues,25 survival benefit with PORT was seen only in
pN1 (HR, 0.79; 95% CI, 0.62-1.00; P ¼ .05), and pN2
disease (HR, 0.60; 95% CI, 0.48-0.75; P<.001). Although
our study did find statistically significant survival benefit
The Journal of Thoracic and Ca
with PORT after surgery for limited-stage SCLC patients,
we also did not find PORT to have an effect on freedom
from LRR or on OS for pN0 or pNþ limited-stage disease.
We have shown that patients with higher nodal stage were
more likely to receive adjuvant PORT, and it is important
to note that these patients were likely highly selected for
PORT. The addition of PORT may have added survival
benefit, but were not statistically significant when compared
with patients without PORT, who were more likely to be of
lower disease stage. This draws parallel to findings seen in a
meta-analysis of PORT in non–small cell lung cancer,34

where there is unclear survival benefit of PORT in stage
III N2 disease, and no survival benefit, even potential
detriment in stage I and II patients. However, larger patient
cohort may have potentially demonstrated PORT benefit.
The role of PCI in limited stage SCLC remains controver-

sial. There are considerable side effects of neurotoxicity and
cognitive effects with whole brain radiation35; however, the
justification for PCI has been the rather high rate of brain
metastases in SCLC and some evidence for potentially
prolonged survival. In the meta-analysis of 7 clinical trials
with 987 patients, PCI was shown to have a 4.5% OS
advantage in primarily limited-stage disease.21 These trials
were completed in nonsurgical patients, and to date there
have been no clinical trials of PCI as an adjuvant treatment
after surgically resected SCLC. A retrospective study in the
Chinese cohort showed that PCI in resected SCLC has a
survival benefit for stage II or III, but not stage I patients.36

National Cancer Database data also demonstrated PCI with
adjuvant chemotherapy to provide survival benefit in T1
rdiovascular Surgery c Volume 161, Number 3 765
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2N0M0 disease (HR, 0.52; 95%CI, 0.36-0.75; P<.01), but
not as an independent treatment modality (HR, 0.83; 95%
CI, 0.46-4.64; P ¼ .52).23 In our study, patients who
received PCI had improved survival in univariate analysis,
but this was not significant in the multivariable model. As
mentioned previously, 86% of patients who received PCI
have also received chemotherapy, therefore the survival
benefit may have been derived mostly from chemotherapy;
likewise, patients likely to survive long-termmay have been
selected for PCI administration. Through our time-to-event
analysis and Cox multivariable model of freedom from
brain recurrence, we also did not find a difference in the
rate of brain recurrence. There was a 7% brain recurrence
rate for stage I through III disease, this is in contrast to
the estimated 10% to 15% for stage I and 15% to 25%
for stage II seen in data from China and Germany.26

Nevertheless, the 4.5% OS advantage is likely diminished
766 The Journal of Thoracic and Cardiovascular Surg
further with earlier-stage disease. Given the known side ef-
fects of brain radiation,37 and modern brain imaging strate-
gies for close follow-up, the use of PCI in limited stage
SCLC, especially early SCLC should be approached with
careful discussion. Furthermore, the use of low-dose
computed tomography for lung cancer screening will likely
result in an increased incidence of early-stage lung cancers
of all types, especially in high smoking population. This
may represent an increase in the diagnosis of early
limited-stage SCLC, and also opportunities for future trials
in this population.

Upon reviewing the data, we were surprised to find that
although patients with pN1 disease were more likely to
receive adjuvant chemotherapy than pN0, pN2 disease
had the lowest rate of adjuvant chemotherapy. It is possible
that patients with pN2 disease may have opted to receive
chemotherapy outside of the institution where they received
ery c March 2021



OBJECTIVE
To evaluate the effectiveness of adjuvant chemotherapy,
postoperative radiation therapy (PORT), and prophylactic
cranial irradiation (PCI) in limited small cell lung cancer

(SCLC) patients after upfront surgical resection

Predictors of Survival Following Surgical Resection of Limited
Stage Small Cell Lung Cancer

METHODS
Five North American Cancer Centers

1986-2019
Limited stage SCLC

Upfront surgical resection
n = 164 patients

IMPLICATIONS
Adjuvant chemotherapy should be standard of care after

upfront surgical resection of SCLC. Use of PORT and PCI
should be individualized in a multidisciplinary setting

• Improved overall survival even in
  node negative patients.
• Did not reduce overall recurrence
  rate

• Did not improve overall survival
• Did not reduce locoregional
   recurrence rate

• Did not improve overall survival
• Did not reduce brain metastasis

PCI

PORT

Adjuvant chemotherapy

RESULTS

FIGURE 5. In a cohort of 164 patients from 5NorthAmerican cancer centers spanning from 1986 to 2019. Resected limited-stage small cell cancer patients

receive overall survival benefit from adjuvant chemotherapy. The benefit of postoperative radiation therapy (PORT) and prophylactic cranial irradiation

(PCI) should be individualized.
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surgery, and data on adjuvant chemotherapy were not
captured correctly. We were also surprised to find that no
adjuvant therapies had an effect on recurrence. It is possible
that recurrence rates are altered after surgical resection,
another potential reason is that patients may have left the
treating institution and received follow-up care near their
home, leading to reporting error. Another finding of our
study is that 3.7% patients died before 90 days, and
although only 24% of the study cohort had pN2 disease,
4 out of 6 patients (67%) who died within 90 days after sur-
gery had pN2 status. The pN2 patients were unlikely to have
completed their chemotherapy, another contributing factor
to the low rate of adjuvant chemotherapy in pN2 disease pa-
tients seen in this cohort. This alludes to the importance of
optimal patient selection in terms of surgical fitness as well
as likelihood of survival benefit. Current National
Comprehensive Cancer Network guidelines state the need
for pathological mediastinal staging before operating on
clinical stage I to IIa patients, this may be difficult when
the initial diagnosis is unknown, thus, mediastinal lymph
node evaluation preoperatively or intraoperatively becomes
important for planning adjuvant treatments. Our study
further highlights the need for careful patient selection
and consideration for treatment from a multidisciplinary
approach.

Our study has limitations associated with its retrospective
design, which include mainly small sample size because the
cohort of resected limited-stage SCLC has historically been
The Journal of Thoracic and Ca
small. Our multi-institutional collaborative efforts yielded
164 patients for the analysis, with the hope that we would
be able to contribute more granular information to the exist-
ing literature on surgical treatment of SCLC. However, the
results of our analyses based on the number of patients and
events may be subject to type II errors. There are also lim-
itations to institutional data because each institution has
different protocol and treatment decisions for patients,
thus we cannot account for all the differences between insti-
tutions. Next, performance status could not be incorporated
into this study, but it is a potential confounder with the
administration of adjuvant therapies. Lastly, another major
limitation is the time-duration of the dataset collection from
1986-2019 or 33 years. Our analysis for the past 2 decades
showed significant improvement in survival compared with
the first decade. However, further analysis into survival and
recurrence after chemotherapy, PORT and PCI yielded no
significant differences. During this time period much has
changed in the treatment of lung cancer in terms of diag-
nosis, staging, surgical, and radiation techniques.
Although we did not detect a survival benefit with PORT

and PCI in our multivariable model, we caution against
concluding that those treatments do not provide benefit
because we believe treatment of SCLC is a multidisci-
plinary endeavor. It is likely that a subset of patients may
benefit from 1 or a combination of these treatments, best
determined in a multidisciplinary setting. Other factors
that may influence the interpretation of this study include
rdiovascular Surgery c Volume 161, Number 3 767
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the retrospective design that lends itself to selection bias, as
well as temporal changes in practice across centers.

Our study provides a glimpse into the importance of
developing multicenter collaboration in the surgical treat-
ment of rare diseases such as limited-stage SCLC. Although
we present a robust cohort of patients for this rare disease,
particularly managed surgically, the importance of a well-
annotated database for uncommon surgical diseases cannot
be overstated. We need further data to determine optimal
adjuvant therapy combination, yet there are other novel
agents already being tested for the treatment of SCLC.
The IMpower133 trial,38 which evaluated atezolizumab in
addition to chemotherapy as the first-line treatment, was
shown to prolong survival in extensive-stage SCLC. Both
the IMpower13338 and CASPIAN (PMID: 31590988) trials
have recently demonstrated an overall survival advantage
with the addition of immune checkpoint inhibitors to
frontline chemotherapy in extensive-stage SCLC.
Accordingly, trials evaluating the addition of immune
checkpoint inhibitors to concurrent chemoradiation are
already underway for limited-stage SCLC such as NRG
Oncology-LU005. Future trials evaluating surgical
resection in limited-stage SCLC should anticipate these
ongoing paradigm shifts and consider evaluation of induc-
tion or adjuvant chemoimmunotherapy combination, as
with non–small cell lung cancer. Other novel therapeutic
classes, including PARP inhibitors and lurbinectedin
(PMID: 32276927), have shown promising efficacy in
relapsed SCLC and warrant evaluation in less advanced
disease states.39,40

The benefits of surgical approaches are not limited to the
clinical outcomes described here. In SCLC, patients
frequently undergo a single fine-needle aspiration at diag-
nosis, leaving little to no tissue for biomarker discovery
or characterization of resistance mechanisms. Therapeutic
strategies, including surgical resection offer the distinct
advantage of providing valuable tissue for translational an-
alyses, including after induction treatment, and could
benefit patients across all stages of this devastating disease.
Future trials will undoubtedly take place in limited-stage
SCLC, and it is imperative that surgeons partake in these
trials and take a seat at the table with regard to the
multimodality treatment of SCLC, and determine how to
utilize these treatments in an induction or adjuvant fashion.

CONCLUSIONS
Adjuvant chemotherapy after surgical resection is

associated with improved survival in limited-stage SCLC
regardless of nodal disease. Although PORT and PCI was
not statistically significantly associated with a survival
benefit, this cohort may have been underpowered to detect
such a benefit, and we recommend that decisions regarding
the use of these adjuvant modalities be discussed on
individual basis in multidisciplinary settings.
768 The Journal of Thoracic and Cardiovascular Surg
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compared with concurrent chemoradiation and that
adjuvant therapy improves survival. Despite these findings,
the rate of surgery in these patients has not appeared to
increase. Analysis of outcomes of the surgical treatment
of small cell lung cancer are difficult to interpret because
the treatment guidelines do not replicate the guidelines for
non–small cell lung cancer, and the diagnosis of early-stage
small cell lung cancer is often not available at the
time of decision making regarding surgery. In this multi-
institutional study, Dr Zhou and his colleagues analyzed
the outcomes of patients after surgical resection for
limited-stage small cell lung cancer and both node-negative
status and the use of adjuvant chemotherapy are identified
as important predictors of survival. More than half of
patients had T1 tumors and without an established diagnosis
of small cell lung cancer, preresectional pathologic
mediastinal lymph node assessment would not be expected.

However, approximately 40% of patients were found to
have node-positive disease at the time of surgery, with long-
term survival of approximately only 15% and it is uncertain
whether induction therapy would have improved the survival
of these groups. With that in mind, I have these questions for
Dr Zhou: The National Comprehensive Cancer Network
guideline algorithm for patients who are clinical T1 N0 or
T2 N0 small cell lung cancer is the following: Pathologic
mediastinal lymph node assessment followed by surgery for
patients who are not N2. In your study, 15% of patients
were T3 or T4, 19% were N1, and 19% were N2.

Although some of the patients are certainly upstaged at sur-
gery, this would not explain the majority of patients who are
beyond T2 N0. Would you explain your algorithm to select
patients for surgery?

Dr Nicolas Zhou (Houston, Tex).
Thank you for your question. So we
collected surgically resected data for
small cell lung cancer from various in-
stitutions. Therefore, we cannot
comment 100% accurately on why

some patients had surgical resection for N2 disease or

not. There may be s

770 The Jour
everal reasons that this happened. First,

when you look back at the literature, there are several phase
2 trials in the 1990s that showed that there was survival
benefit for limited stage disease patients after surgery—
even in those patients who are stage IIb to IIIa. So it is
within reason that some patients have surgical resection,
even if they were known to have N2 disease.

Secondly, some of these patients may have been initially
diagnosed as atypical carcinoid or non–small cell lung can-
cer with neuroendocrine features, and a lot of times, the his-
tology of the cancer was determined intraoperatively. So for
those patients, the surgeon does not have the luxury of
knowing beforehand that this is small cell lung cancer.

Sowe do assume that some of thesewere resected upfront
and were either upstaged or the diagnosis was changed on a
nal of Thoracic and Cardiovascular Surg
fine pathology. Lastly, we also included patients who were
mixed histology as long as a small cell lung cancer was
the driving histology for survival. So all those factors may
have contributed to why some N2 disease patients had
resection.

DrD’Amico. I’m sorry: You said as long as the small cell
component was the driving feature of survival?

Dr Zhou. Yes.
Dr D’Amico. How do you know that in advance?
Dr Zhou. Just based on historical survival for each

histology.
Dr D’Amico.Okay. Regarding adjuvant therapy: the Na-

tional Comprehensive Cancer Network guidelines recom-
mend adjuvant chemotherapy for all patients after surgical
resection and adjuvant chemotherapy has already been
demonstrated to improve survival, from studies from the
National Cancer Database. Why did only 68% of your pa-
tients receive adjuvant chemotherapy?

Dr Zhou. Thank you. This came to us as a surprise as
well. It is something that we will point out in the print
publication. When we looked at patients who receive
adjuvant chemo binodal stage, we found that those with
N0 disease, 69% of them received chemo. And for those
with N1 disease, 87% of them received chemo. For N2
disease, only 45% received chemo. So that is kind of
puzzling.

It could be that with some of the higher referral centers,
perhaps when patients get diagnosed with N2 disease, they
either forego chemotherapy to receive other treatments or
receive chemo back home instead of at the treating institu-
tion, so that could have contributed some missing data.

Dr D’Amico. Thank you. Regarding prophylactic cranial
irradiation, how was this determined to be utilized? In your
study, it was used in only 43 patients, yet nearly twice that
many were beyond stage I and might have been considered.

Dr Zhou. Thank you. PCI and limited small cell lung
cancer is an area of controversy.While some studies showed
that the benefit was survival, some studies really highlight
the side effects of PCI whole brain radiation.

There was a large meta-analysis of 7 clinical trials
with nearly 1000 patients that showed that in small cell
lung cancer (and these were mainly limited-stage disease),
it was a 4.5% overall survival benefit. However, a recent
Japanese trial in 2017 showed that the use of PCI made
no difference in progression-free survival and the group
that was on a surveillance arm actually trended toward a
better survival.

So clinically this is controversial and our institution tends
to evaluate each patient on a case-by-case basis and really
weigh the benefit of survival versus the side effects. It was
1 of our study’s aims tomap out the rate of PCI and its effects.
As we can see, even inmajor institutions, decisions regarding
PCI are individualized. Some patients may refuse it and elect
to get brain radiation only when metastasis occurs. So
ery c March 2021
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unfortunately, we don’t we don’t think that we have enough
statistical power to answer this question.

Dr D’Amico. Finally, it’s very important to have
institutional studies in addition to the national database
studies in order to develop guidelines for small cell lung
cancer. It requires multi-institutional series due to the
relatively small number of surgical patients at any 1
institution. So congratulations, once again to you and
your coinvestigators. Can you please briefly summarize
how this study may inform the development of future
guidelines and improve the care of patients with early-stage
small cell lung cancer.

Dr Zhou. Thank you. And we thank all of our collabora-
tive partners in this endeavor. We think that this study
strengthens the claim that adjuvant chemotherapy has sur-
vival benefit in limited-stage small cell lung cancer, regard-
less of whether patients have nodal disease or not. As for
adjuvant chest radiation, we did not find that it was an inde-
pendent predictor of survival once patients have local dis-
ease control. As for PCI, we did not find that it reduced
the recurrence rate of brain metastases and it was not an in-
dependent predictor for survival. Small cell lung cancer is on
those diseases that the resection rates are generally very low
in any 1 institution, similar to primary chest wall tumors or
thymomas. This collaborative effort or retrospective data is
important, but moving forward, it should be beneficial to
create a well-annotated, multi-institutional database.

The benefit of resection in small cell is evident, from mul-
tiple retrospective studies. And right now, atezolizumab has
demonstrated survival benefit in extensive stage disease and
The Journal of Thoracic and Ca
other polyADP ribose polymerase inhibitors have also shown
promise. So all these novel agents are soon to be studied in
limited stage small cell lung cancer, but those trials are likely
to be done in patients with radiation such as stereotactic body
radiation therapy and not have surgery be a part of it. So we
ought to make sure that surgeons are aware of these novel
agents and have a seat at the table when trials are designed
for small cell lung cancer, especially limited-disease small
cell lung cancer.
We believe that surgery offers a tremendous benefit in

these patients and offers value not only in local and regional
disease control, but also the pathology, the responses to ther-
apy, and translational studies. So we see a lot of benefit for
collaborative work in this area.
Dr D’Amico. Brief question: I think you mentioned that

there was no difference noted in survival—and as you said
surprisingly—between N0 and N1. Was that correct?
Dr Zhou. Yes, for overall survival.
Dr D’Amico. Indeed, and along those lines, can you

comment on the median number of lymph nodes that
were taken during the pathologic analysis? And do you
think that was a problem that maybe just not enough nodes
were taken to ensure that you were truly N0? Could you
comment on that?
Dr Zhou. I appreciate the question; that is something

that we want to look at. But unfortunately, not all institu-
tions have those data, so we cannot comment completely
on overall how many lymph nodes were taken for each
patient.
Dr D’Amico. I see. Thank you.
rdiovascular Surgery c Volume 161, Number 3 771
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FIGURE E1. Consolidated Standards of Reporting Trials of patient contribution from each institution and reasons for exclusion. Patients with missing

data were excluded due to missing adjuvant therapy treatment information that could not be recovered. McGill, McGill University Health Centre;

MDACC, MDAnderson Cancer Center;MSKCC,Memorial Sloan Kettering Cancer Center; Swedish, Swedish Cancer Institute; Toronto,University Health

Network - Toronto General Hospital.
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TABLE E1. Cox multivariable regression for disease recurrence

Variable

Hazard ratio

(95% confidence interval) P value

Lobectomy 0.77 (0.44-1.36) .366

Positive margin 1.11 (0.42-2.91) .837

pNþ 2.91 (1.61-5.28) <.001

Adjuvant chemotherapy 0.85 (0.46-1.58) .610

Prophylactic cranial irradiation 0.59 (0.30-1.18) .136

pNþ, Positive pathological nodal status.

TABLE E2. Cox multivariable model for locoregional recurrence

Variable Hazard ratio (95% confidence interval) P value

pNþ 3.10 (1.32-7.30) .009

PORT 0.85 (0.34-2.11) .724

pNþ, Positive pathological nodal status; PORT, postoperative radiation therapy.
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