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Abstract

Background—The role of multi-modality therapy in stage 111B NSCLC remains inadequately
studied. Although chemoradiation is currently the mainstay of treatment, randomized trials
evaluating surgery are lacking and resection is offered selectively.

Methods—Data of clinical stage 111B NSCLC patients (T4N2 or any N3) undergoing definitive
multimodality therapy were obtained from the National Cancer Database (NCDB). Multivariable
Cox regression models were fitted to evaluate variables influencing overall survival (OS).

Results—From 1998-2010, 7,459 clinical stage 111B NSCLC patients were treated with
definitive chemoradiation (CR group), while 1,714 patients underwent chemotherapy, radiation,
and surgery in any sequence (CRS group). CRS patients were more likely to be younger,
Caucasian, and have slightly smaller tumors (all p < 0.01). There was no difference in Charlson
Comorbidity Index (CCI) between the groups (p = 0.5).

In the CRS group, 79% of patients received neoadjuvant therapy. Thirty-day surgical mortality
was 3%. Factors associated with improved OS in multivariate analysis included younger age,
female gender, decreased CCI, smaller tumor size, and surgical resection (HR 0.57, 95% ClI
0.52-0.63). Among patients treated with surgery, incomplete resection was associated with
decreased OS (HR 1.52, 95% CI 1.20-1.92). Median OS was longer in CRS patients (25.9 months
vs. 16.3 months, p<0.001). Propensity matched analysis on 631 patient-pairs treated with CRS vs.
CR confirmed these findings (median OS = 28.9 vs. 17.2 months, p<0.001).
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Conclusions—Surgical resection as a part of multimodality therapy may be associated with
improved overall survival in highly selected patients with stage 111B NSCLC. Multidisciplinary
evaluation of these patients is critical.

Introduction

Lung cancer is the second most common malignancy and the most common cause of cancer

death in the United States.! For patients with stage 111B non-small cell lung cancer (NSCLC)
(T4N2 or anyN3), chemoradiation has traditionally formed the mainstay of treatment with 5-
year overall survival rates of approximately 10%.24

Several studies have further examined the role of multimodality therapy in this patient
population. Southwest Oncology Group (SWOG) 8805 was a phase 11 study of concurrent
cisplatin and etoposide plus mediastinal radiation followed by surgery for the treatment of
stage I11A (N2) and selected stage 111B NSCLC patients.® In the stage 111B cohort, the
authors noted an 80% resectability rate following induction chemoradiation and a 3-year
overall survival (OS) rate of 24%. This compared favorably to additional phase Il studies
evaluating similar patients treated with chemotherapy and radiation.8 Although intriguing,
there have since been no randomized studies to address the utility of surgery in patients with
stage 111B disease and its use appears to be sporadic with poorly defined criteria.

The National Cancer Database (NCDB) is a joint program developed in 1989 by the
Commission on Cancer, the American College of Surgeons, and the American Cancer
Society. Data is submitted by more than 1,500 accredited cancers centers across the United
States, and it captures approximately 70% of all new cancer cases diagnosed in the U.S.
annually. We queried the NCDB to better understand the utilization of surgery for stage 111B
NSCLC in the U.S. and evaluate its efficacy for selected patients.

Patients and Methods

For patients treated between 1998 and 2010, de-identified patient information was abstracted
from the NCDB participant user file for those with clinical stage I11B NSCLC (T4N2 or any
N3 according to the 71" edition AJCC staging manual) who received either definitive
chemotherapy and radiation in any order (CR group) or a combination of chemotherapy,
radiation, and surgery in any order (CRS group). Patients who did not receive either one of
these 2 treatment plans or those who received only chemotherapy and sub-standard doses of
radiotherapy (less than 60 Gy) were excluded. There was no minimum radiation dose for
patients in the surgical cohort. In addition, patients in either group who received > 100 Gy of
radiation as recorded in the NCDB were excluded as well, as this was felt to reflect a likely
inaccuracy in data acquisition. Patients who received only palliative treatment (as coded in
the database) were excluded. Because we limited this study to the current AJCC definition
of stage I11B disease, patients with TANO or T4AN1 tumors were not included.

Information regarding patient- and tumor-related variables, treatment details, and short- and
long-term outcomes were extracted from the database. Using information on race, income,
and population size of the area from which a patient presented, we created dichotomized
groups in which a patient was either Caucasian or not Caucasian, had an annual income less
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than or greater than $35,000, and presented from a rural location (regional population less
than 250,000) or an urban location, respectively. The Charlson/Deyo score was used as a
measure of comorbidity. It was categorized as 0, 1, or = to 2. The NCDB combines those
with scores of 2 or greater into a single group, as very few patients have scores greater than
two. Treatment facilities were classified as community cancer programs, comprehensive
community cancer programs, and academic/research centers. For the analysis, community
cancer programs and comprehensive community cancer programs were categorized as non-
academic centers. Last known vital status and the time between diagnosis and the follow-up
date were used to determine survival.

All analyses were performed using SPSS 21.0 (SPSS 21.0 for Windows, SPSS Inc, Chicago,
IL). Descriptive statistics were expressed as means +/- standard deviation unless otherwise
specified. Independent samples t tests and one-way ANOVA were used to compare
continuous variables. Chi-square tests were used to compare categorical data. Overall
survival was estimated by the Kaplan-Meier method. Multivariate Cox regression models
were fitted to evaluate variables influencing overall survival (OS). Factors accounted for in
the multivariate analysis include: age, gender, race, facility type (academic vs. non-
academic), income, urban location, Charlson score, tumor size, surgical resection, and N2
vs. N3 status. Propensity matching of patients in our initial analysis using a logistic
regression method was used to identify two comparable groups of patients undergoing
chemoradiation only versus chemoradiation and surgery. Patients in this propensity matched
analysis were matched for age, facility type (academic vs. non-academic), gender, race,
income, tumor size, Charlson score, and clinical N status (N2 vs. N3). For all analyses, p-
values less than 0.05 were considered statistically significant.

From 1998 to 2010, 9,173 patients with clinical stage I111B NSCLC meeting the pre-
determined inclusion criteria were identified in the database. This included 7,459 patients
treated with chemoradiation (CR group) and 1,714 treated with chemotherapy, radiation, and
surgery in any order (CRS group) (Figure 1). CRS patients were younger, more likely to be
Caucasian, have higher income, and receive treatment at academic centers (Table 1). Those
in the CRS group were also more likely to have smaller tumors (49.2 vs. 52.6mm, p=0.004)
and less likely to have N3 disease (37% vs. 58%, p<0.001). The Charlson/Deyo comorbidity
scores were similar between the groups (p=0.5).

Multi-agent chemotherapy predominated in both groups, while CR patients received a
slightly higher dose of radiation (median dose = 65.0 vs. 59.4 Gy) (Table 2). In patients
undergoing surgery, 79% of patients received neoadjuvant chemotherapy or radiation or a
combination of both. Among surgical patients, complete resection was achieved in 71%.
Lobectomy was performed in 60% of cases, and thirty-day operative mortality was 3%.

In an unmatched comparison, median OS was longer in the CRS group (25.9 vs. 16.3
months, p<0.001) (Figure 2). In a subset analysis of patients with N3 disease, median OS
was again longer in CRS patients (25.2 vs. 16.4 months, p<0.001). For CRS patients with
N3 disease, 5-year OS following resection was 26.1%. Multivariate Cox regression analysis
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was used to identify variables independently associated long-term mortality. Factors
associated with higher mortality risk included increasing age, male gender, higher
comorbidity score, and larger tumor size. Surgery was independently associated with
improved OS (HR 0.57, 95% CI = 0.52-0.62, p<0.001) (Table 3). For patients undergoing
surgery, incomplete resection (R1/R2) was associated with decreased OS (HR 1.51, 95% CI
=1.19-1.91, p=0.001).

Propensity matching of patients in the initial 111B cohort identified 631 matched pairs who
underwent CR vs. CRS (Table 4). Following matching, patients in the CRS group continued
to show improved survival compared with those in the CR group (median overall survival =
28.9 months vs. 17.2 months, p<0.001) (Figure 3).

Of the 1,243 patients with data available regarding the timing of chemoradiation in relation
to surgical resection, 258 patients (21%) underwent initial surgical resection followed by
adjuvant chemoradiation (Table 5). There was no significant difference in survival between
those patients treated with neo-adjuvant chemoradiation followed by surgical resection
versus those undergoing resection followed by adjuvant chemoradiation (median overall
survival = 30.0 months vs. 26.6 months, p=0.06). Notably, despite larger average tumor size,
the neoadjuvant group had a higher rate of RO resection (83% vs. 56%, p<0.001).

Comment

Chemoradiotherapy has traditionally been the mainstay of treatment for locally advanced
NSCLC, however long term survival remains limited. Despite aggressive therapy, median
overall survival for patients treated with optimal chemoradiation ranges from 15-23 months,
with a 3-year overall survival of less than 30%.5-8

As a result, several previous authors have explored the utility of surgical resection in
carefully selected patients with stage 111B disease. Retrospective series have found a 3-year
overall survival of 42-56% in patients with stage 111B disease undergoing multimodality
therapy including surgical resection, and a favorable response to induction therapy appears
to be a significant predictor of survival.>-10 A series of 40 patients with stage 111B NSCLC
by Grunenwald et al noted that those who underwent complete resection and had no
lymphatic metastases on final pathology had a 5-year overall survival of 42%.11

SWOG 8805 was initiated as a feasibility study of patients undergoing surgical resection
following induction chemoradiation for the treatment of stage 111A and 111B NSCLC.12
Preliminary analysis of the first 75 eligible patients indicated that complete resection was
feasible in 73% of cases. In addition, combined modality therapy appeared to be well
tolerated with an operative mortality of 6% and a low rate of major morbidity.

Based on these feasibility data, SWOG 8805 was continued as a prospective phase 11 trial to
evaluate the efficacy of surgical resection as part of multimodality therapy in patients with
I11A and 111B NSCLC.513 Eligible stage I11B patients had either invasion into mediastinal
structures (T4) or biopsy-positive contralateral mediastinal or supraclavicular lymph nodes
(N3). Once enrolled, patients were treated with an induction regimen including two cycles of
cisplatin plus etoposide and concurrent chest radiotherapy (45 Gy) to the primary tumor and
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mediastinal lymph nodes. In stage 111B patients that went on to surgery, 80% underwent
complete resection and the absence of tumor in the mediastinal lymph nodes at the time of
surgery was a strong predictor of survival. Overall survival in the I111B cohort was 24% at 3
years, which was similar to 111A patients treated with the same regimen (27% 3-year overall
survival).

In order to draw a more direct comparison to patients treated only with chemoradiation,
SWOG conducted a follow-up phase Il study (SWOG 9019) of 50 patients with stage 111B
NSCLC treated with concurrent cisplatin and etoposide and chest radiotherapy using the
same entry criteria as SWOG 8805.% Once enrolled, patients were treated with the same
initial chemoradiation regimen (cisplatin / etoposide and 45 Gy of concurrent radiation). In
the absence of disease progression, patients went on to receive an additional 2 cycles of
chemotherapy and radiation up to a total dose of 61 Gy. At three years, overall survival
appeared to be somewhat inferior to the historical results from the previous study (17% vs.
24% in patients from SWOG 8805).

In 2009, a similar prospective phase Il study of stage I11B NSCLC patients treated with
neoadjuvant chemoradiation followed by surgery was conducted by Stupp et al.1# Following
induction therapy, complete resection was feasible in 59% of patients. Pathological
mediastinal downstaging was seen in 39% of patients with lymph node involvement at the
time of enrollment. After a median follow-up of 58 months, 3- and 5-year overall survival
was 47% and 40%, respectively.

The results from our current study further suggest that surgical resection may be beneficial
as part of multimodality therapy for highly selected patients with stage 111B NSCLC.
Outcomes in our series suggest that surgical resection is associated with greater likelihood of
overall survival (HR = 0.57, p< 0.001). We noted that median overall survival was longer in
CRS patients (25.9 months vs. 16.3 months). This is longer than median survival in surgical
patients from SWOG 8805 (17 months) but similar to outcomes in the more recent phase Il
trial by Stupp (29 months). Likewise, the median survival of CR group patients in our study
(16.3 months) was comparable to similarly treated patients in SWOG 9019 (median overall
survival = 15 months). Interestingly, the benefit associated with resection was not limited to
patients with T4 disease. In our subset analysis of patients with clinical N3 tumors, surgery
was associated with a prolonged median survival (25.2 months) compared with N3 patients
in the CR group (16.4 months).

Although many patients underwent fairly aggressive induction therapy with dual agent
chemotherapy and median radiation dose of 59.4 Gy, surgical mortality was acceptably low
(3%) indicating that surgery was indeed safe in selected patients. In addition, a complete
resection was obtained in upwards of 70% of cases and only 20% of patients required a
pneumonectomy.

Most established treatment protocols for locally advanced NSCLC (stage 111A) would favor
neoadjuvant chemoradiation, so the choice for initial surgical resection in 21% of our stage
I11B population in intriguing. Upon closer examination of the 258 patients receiving surgery
followed by adjuvant chemoradiation, 178 (69%) had T4 tumors while 85 (36%) had N3
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nodal status. Although it is possible that the decision for surgical resection was made based
on T4 status in most instances, the true impetus for primary resection in these patients
remains unclear.

When considering these data it is important to note that the most recent update of the AJCC
staging system for NSCLC has altered the classification of stage I11B disease. According to
the 6th edition, patients with TANO-3 and anyTN3 were all categorized as stage 111B disease.
In the most recent 7th edition published in 2010, T4NO-1 disease is now included in stage
I11A and only patients having T4AN2 or anyTN3 remain in the stage I11B subgrouping.2 Thus,
our study population likely comprises a cohort with somewhat more advanced disease than
previous trials evaluating stage 111B patients.

The question of patient selection for resection is difficult and has been raised repeatedly in
the context of stage 11l NSCLC. Significant response to induction chemotherapy, both in the
form of mediastinal downstaging and complete pathologic response, has been associated
with improved survival in patients with stage I11 NSCLC undergoing trimodality
therapy.15-17 However, pathologic downstaging and complete response are difficult to
predict clinically and one may make the argument that resection was retrospectively
unnecessary in those with complete response. Staging modalities such as PET/CT tend to
underestimate the degree of pathologic response, so their utility in patient selection may be
limited.15:18 Therefore it is likely reasonable to consider surgical resection as part of
multimodality therapy in patients with significant clinical response, particularly those
demonstrating clinical mediastinal downstaging or resolution. However, given the poor
sensitivity of current non-invasive re-staging modalities, we recommend that all patients
with stage 111B disease be discussed in a multi-disciplinary format in order to optimize
outcomes.

There are several limitations to the current study. Although the NCDB contains a wealth of
patient information, the data are still retrospectively reviewed and are not randomized.
Selection bias in terms of which patients are offered surgical resection potentially influences
long term outcomes. For instance, clinical judgment regarding the feasibility of complete
surgical resection likely plays a role in patient selection. In addition, although the
comorbidity index was not significantly different between the CR and CRS groups, it is still
possible that unrecorded differences exist in these patient populations, particularly in regards
to performance status and comorbid disease. We performed a propensity score matched
analysis to minimize the effects of such bias, however, despite matching for several
important variables it is still possible that more subtle differences in the CR and CRS groups
remain. Certain information such as the subclassification of T4 status (multiple tumor
nodules vs. invasion of adjacent structures), N3 status (supraclavicular vs. contralateral
mediastinal nodes), and response to induction therapy is not available from the database and
therefore cannot be analyzed. Lastly, the database cannot provide information on patients
who may have been initially considered for trimodality therapy but eventually did not
receive surgery either due to disease progression or complications of induction therapy.

Although chemotherapy and radiation currently comprise the standard treatment for stage
I11B non-small cell lung cancer, our analysis of data from the NCDB suggests that surgical
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resection may be beneficial for carefully selected patients. While the limitations of this
retrospective study prevent recommendations regarding routine resection of all patients with
stage 111B disease, the results of this descriptive analysis can inform the treating physician
that all patients with clinical stage I11B disease are not identical. In advocating for a more
tailored approach, these data emphasize the importance of pathologic staging of patients
with clinical stage 111B NSCLC and suggest that these patients should be discussed in a
multidisciplinary setting with surgical resection potentially considered in highly selected
patients.
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Figure 1.

Consort diagram for 170,135 patients with stage I11B NSCLC identified in the National

Cancer Database.
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Figure 2. Kaplan-Meier curve for overall survival in patients receiving chemoradiation versus
chemoradiation plus surgery (p<0.001)
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Kaplan-Meier curve for overall survival in CR vs. CRS patients after propensity score

matching of 631 patient pairs (p<0.001).
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displayed as mean +/- standard deviation. Categorical variables are displayed as number (% total).

Page 12

Patient Characteristics Chemoradiation Alone (CR) n=7,459 | Chemoradiation Plus Surgery (CRS) n=1,714 | p-Value
Age at diagnosis (years) 64.1+/-10.4 59.7 +/- 10.5 <0.001
Male Gender 4,481 (60%) 988 (58%) 0.067
Caucasian 6,259 (84%) 1,512 (88%) <0.001
Academic Center 1,865 (25%) 654 (39%) <0.001
Annual Income > $35,000 | 4,707 (63%) 1,205 (70%) <0.001
Urban Population Area 4,346 (58%) 1,144 (67%) <0.001
Charlson/Deyo Score (CCI) | 0 5,153 (69%) 794 (70%) 0.510
1 1,741 (23%) 265 (23%)
2 565 (8%) 75 (7%)
Tumor Size (mm) 52.6 +/- 42.1 49.2 +/- 36.5 0.004
AJCC Clinical N Stage 2 2,905 (42%) 978 (63%) <0.001
3 4,082 (58%) 565 (37%)
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Table 2

Treatment details in patients with stage 111B NSCLC - Continuous variables are displayed as median
(interquartile range). Categorical variables are displayed as number (% total).

Page 13

Treatment Information CR Group n=7,459 | CRS Group n=1,714 | p-Value
Radiation Sequence Pre-op n/a 903 (53%) n/a
Post-op 700 (41%)
Both 33 (2%)
Other / Unknown 78 (4%)
Median Total Radiation Dose — cGy (Interquartile 6500 (6300-6840) 5940 (5040-6480) <0.001
range)
Chemotherapy Sequence (n=709) Pre-op n/a 366 (52%) n/a
Post-op 266 (37%)
Both 76 (11%)
Type of Chemotherapy Multi-agent 6,602 (86%) 1,455 (85%) <0.001
Single-agent 457 (6%) 78 (5%)
Unknown 603 (8%) 181 (11%)
Surgical Margins RO n/a 1,218 (71%) n/a
R1/R2 298 (17%)
Unknown 198 (12%)
Surgery Type Lobectomy WE 1,021 (60%) n/a
Pneumonectomy 350 (20%)
Wedge/segmentectomy 343 (20%)
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Table 3

Page 14

Results of multivariable Cox regression analysis identifying variables associated with long-term mortality in
all patients with stage 111B NSCLC.

Patient and Treatment Variable | Hazard ratio (HR) with 95% Confidence Interval (CI) | p-Value
Age 1.01 (1.01-1.01) <0.001
Male gender 1.18 (1.11-1.25) <0.001
Population > 250,000 0.94 (0.88-0.99) 0.032
Charlson Score =1 (reference =0) | 1.16 (1.09-1.25) <0.001
Charlson Score = 2 (reference=0) 1.28 (1.15-1.42) <0.001
Tumor Size (mm) 1.00 (1.00-1.01) <0.001
Surgical Resection 0.57 (0.52-0.62) <0.001
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Table 4

Page 15

Propensity score matching of patients undergoing CR vs. CRS led to 631 matched pairs. Continuous variables

are displayed as mean +/- standard deviation. Categorical variables are displayed as number (% total).

Patient Characteristics CR Group n=631 | CRS Group n=631 | p-Value
Age at diagnosis (years) 62.0 +/- 10.4 62.1+/-9.4 0.94
Male Gender 378 (60%) 360 (57%) 0.33
Caucasian 534 (85%) 541 (86%) 0.63
Academic Center 212 (34%) 198 (31%) 0.43
Annual Income > $35,000 419 (66%) 422 (67%) 0.90
Urban Population Area 387 (61%) 409 (65%) 0.22
Charlson/Deyo Score (CCl) 0 454 (72%) 429 (68%) 0.27

1 | 136 (22%) | 151 (24%)

2 | 41(6%) 51 (8%)
Tumor Size (mm) 49.5 4/-25.2 47.9+/-27.0 0.28
AJCC Clinical N Stage 2 | 348 (55%) | 343 (54%) 0.82

3 | 283 (45%) | 288 (46%)
Median Overall Survival (months) | 17.2 +/- 1.0 28.9+/-1.8 <0.001
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Table 5

Clinical characteristics and outcome data of patients with stage 111B NSCLC treated with neoadjuvant
chemoradiation followed by surgical resection versus primary resection followed by adjuvant chemoradiation
— Continuous variables are displayed as mean +/- standard deviation. Categorical variables are displayed as
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number (% total).

Patient Characteristics Neoadjuvant treatment n=985 | Adjuvant treatment n=258 | p-Value
Age at diagnosis (years) 59.0 +/- 10.0 62.3 +/-10.0 <0.001
Male Gender 557 (57%) 142 (55%) 0.67
Caucasian 876 (89%) 216 (83%) 0.02
Academic Center 412 (43%) 73 (29%) <0.001
Annual Income > $35,000 718 (73%) 157 (61%) <0.001
Urban Population Area 661 (67%) 162 (63%) 0.16
Charlson/Deyo Score (CCl) 0 515 (73%) 151 (58%) <0.001

1 156 (22%) 76 (29%)

2 30 (4%) 32 (12%)
Tumor Size (mm) 53.5 +/- 35.7 38.3 +/- 26.0 <0.001
AJCC Clinical N Stage 2 569 (63%) 148 (64%) 0.82

3 338 (37%) 85 (36%)
Negative Margin (RO resection) 815 (83%) 146 (56%) <0.001
Median Overall Survival (months) | 30.0 +/- 1.7 26.6 +/- 2.8 0.06
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