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Purpose: In the past 20 years, surgical resection has been a secure and applicable procedure
for pancreatic cancer (PC), but it remains controversial for stage III PC with data evaluating its
efficacy mostly derived from small randomized trials. Hence, we designed this study to further
evaluate its benefit using surveillance, epidemiology, and end results dataset.

Patients and methods: Patients with stage III PC were identified in the surveillance, epide-
miology, and end results registries from 2004 to 2014. The effect of surgery on cancer-specific
survival was assessed by risk-adjusted Cox proportional hazard regression modeling and pro-
pensity score matching.

Results: Overall, 6,138 patients with stage III PC were included. Of these, 608 patients under-
went primary tumor surgery. On multivariable analyses, surgery was independently associated
with improved cancer-specific survival (HR=0.580; 95% CI=0.523-0.643, p<0.001). The survival
benefit with surgery was also observed in the propensity score-matched cohort (HR=0.501; 95%
CI=0.438-0.573, p<0.001).

Conclusion: Primary tumor surgery is associated with improved survival in stage I1I PC. Pro-
spective randomized trials are needed to confirm these results, and further efforts are required
to address patient selection.

Keywords: stage I1I pancreatic cancer, propensity score matching, surgery, surveillance, epi-
demiology, and end results (SEER) database

Introduction

Pancreatic cancer (PC) is the fourth main cause of cancer-related mortality in the USA,
with its mortality rate (n=44,330) estimated to approach its incidence rate (n=55,440)
in 2018.! In contrast to the steady improvements on survival rate in various types of
malignancies, overall survival gains from technological advancements remain chal-
lenging for PC, as reflected by dismal 5-year survival rates of 5%.! Presently, margin-
negative resection (R0) remains the only curative therapy for PC, but only about 20%
of patients are considered to be initially resectable. Even for those undergoing complete
resection, S-year overall survival rate is just 20%.

Unfortunately, owing to its unspecific early symptoms, >80% of new cases are
diagnosed at locally advanced unresectable PC (LAPC) or metastatic PC.> About 30%
of patients present with locally advanced disease (stage III, T4 any N M0, AJCC 7th
edition).>* This group of stage III PC patients is often divided into borderline resectable
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PC (BRPC) and LAPC, depending on the extent of the tumor
encasement of major vessels (<180° versus >180°). In the
past, stage III PC patients were considered inoperable due to
the complexity of the operative procedure and the high risk
of increased postoperative complications.** However, with the
ongoing development and advancement in chemoradiotherapy
and surgical techniques in the last 20 years, more and more
patients become operable after a prolonged course of chemo-
radiotherapy.® Those patients presenting with singular measur-
able lesion are often sent for surgical consultation to consider
resecting the only remaining tumor. Nevertheless, existing
evidence regarding any potential survival benefit of surgery
for stage III PC remains paradoxical. Denecke et al reported
a poor median overall survival of 12.4 months in six patients
who were operated on by distal celiacopancreatectomy, and five
of them had tumor recurrence after surgery.” Another research
paper documented distal pancreatectomy with en bloc resection
of the celiac artery in 13 patients with LAPC, and the median
survival was just 12.2 months.? In contrast, conclusions from
some studies were much more inspiring, with median overall
survival ranging from 18 to 35 months.*! The difference for
survival in these studies could be attributed to the small size
of cohorts and various neoadjuvant regimens.

Given that the studies mentioned above showed varying
results, we designed this one to more clearly establish the
association between surgery and cancer-specific survival
(CSS) in patients with stage III PC by analyzing data from
the Surveillance, Epidemiology, and End Results (SEER)
database.

Materials and methods

Data collection and patient selection
This study was conducted using the 2017 data of the SEER
Program of the US National Cancer Institute. The SEER
program is a population-based database covering about 28%
of the US population. We get data on patient demographics,
years of diagnosis, cancer site, histologic type, stage, cause
of death, and treatment by SEER ID 16018-Nov 2016.

We included only PC patients at TNM stage 111 (T4 any
N MO) based on the American Joint Committee on Cancer
Staging Manual, 6th edition. We limited our study from 2004
to 2014 as the sixth edition of the AJCC staging system was
published in 2004. Although the 8th edition of the AJCC stag-
ing manual is expected to be used in 2018,!" the 7th edition
is still being used widely and it is the same as the AJCC 6th
edition for PC. The behavior item 3 was used to determine
the malignant tumor. The following codes were selected to
confirm pancreatic adenocarcinoma according to the third

edition of the International Classification of Diseases for
Oncology (ICD-0-3): 8140, 8141, 8255, 8260, 8470, 8471,
8480, 8481, 8490, 8500, 8550, 8560. Only patients who met
the following criteria were included in the formal analysis: 1)
survival time <60 months, 2) with one primary cancer only
or with PC as the first one if there were two or more, and 3)
clear surgery procedure excluding irreversible electropora-
tion (IRE). Of the 8,606 adults with stage III PC diagnosed
between 2004 and 2014 in the SEER Program, 6,138 patients
were eligible for the study (Figure 1). These eligible patients
were divided into the surgery group and the nonsurgery
group. We have obtained the approval for the study from the
Institutional Review Board of Fudan University Shanghai
Cancer Center.

Statistical analysis

The endpoint of this study was CSS, which was determined
from the year of diagnosis to the year of death for PC. Other
causes of death were considered as censors. Chi-square test
was used to compare the categorical data to evaluate differ-
ences in the distribution of baseline characteristics between
the two groups. Univariate analysis was conducted using
Kaplan—Meier method and compared by the log-rank test,
while multivariable analysis was carried out by the Cox
proportional hazards model. To further adjust for potential
baseline confounders, we used the “Matchlt” R packages
to perform a 1:1 nearest-neighbor propensity score match-
ing (PSM) between the two groups by logistic regression.
A propensity score is the probability to be assigned to a
specific intervention given baseline covariates, which has
been applied to eliminate the selection bias associated with
the variables incorporated into the model.'>!* Subsequently,
the baseline characteristics of the matched patients were veri-
fied to ensure that no important difference between the two
groups remained. All p-values were two sided and considered
statistically significant at the 0.001 level. All analyses were
performed with R version 3.4.3 (R Foundation for Statistical
Computing, Vienna, Austria).

Results

Patient characteristics

Based on the eligibility criteria (Figure 1), a total of 6,138
patients diagnosed with stage IIT PC between 2004 and 2014
were identified in the study. Of this population, only 608
(9.91%) patients underwent surgery (the surgery group),
whereas 5,530 (90.09%) did not (the nonsurgery group).
The following surgical procedures were accomplished: local
excision of tumor (n=24; 0.39%), partial pancreatectomy
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and End Results.

(n=67; 1.09%), local or partial pancreatectomy and duo-
denectomy (n=25; 0.41%), local or partial pancreatectomy
and duodenectomy without distal/partial gastrectomy (n=63;
1.03%), local or partial pancreatectomy and duodenectomy
with partial gastrectomy (Whipple; n=318; 5.18%), total
pancreatectomy (n=22; 0.35%), total pancreatectomy and
subtotal gastrectomy or duodenectomy (n=58; 0.94%),
extended pancreatoduodenectomy (n=28; 0.45%), and
pancreatectomy (n=3; 0.05%). Table 1 summarizes patient
demographics across groups. The median age at diagnosis
of the study population was 66 years (range 26-99), and a
majority of people were >55 years old (82.28%). Compared
with the nonsurgery group, the surgery group had more
pancreas head cancer (67.76% versus 55.32%; p<0.001)
and more regional lymph node metastasis (N1 stage, based
on AJCC 6th edition; 60.52% versus 32.98%; p<0.001).
Chemotherapy was performed for most patients. Both
groups were similar in terms of sex, ethnicity, and years of
diagnosis.

Adjusting for patient characteristics using
PSM

In order to further overcome confusion and selection biases
between the two groups, we conducted a PSM procedure.
According to the results of Chi-square test, age at diagnosis,
marital status, tumor location, N stage, tumor size, chemother-
apy, and radiation therapy were enrolled into the propensity
model to produce a 1:1 nearest-neighbor matching. Before
matching, there were 608 patients in the surgery group and
5,530 patients in the nonsurgery group. After 1:1 matching,
both groups had 608 adults, and the propensity score was
almost equal to 0.1234 (£0.0532) for both groups. Figure 2
shows the propensity score distribution of the two groups
before and after PSM procedure. The covariates distribution is
fittingly balanced in the matching data set, as shown in Table 1.

Predictors of CSS

Over a median follow-up of 8 months, mortality occurred
in 5,325 (86.75%) patients. On univariate analysis, surgery,
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Table | Patient characteristics before and after PSM

Before PSM After PSM
Total (6,138) Surgery Nonsurgery p-value Surgery Nonsurgery p-value
T (608;9.91%) (5,530; 90.09%) (608; 50%) (608; 50%)
n (%) n (%) n (%) n (%) n (%)
Sex
Male 3,120 (50.83) 328 (53.95) 2,792 (50.49) 0.105 328 (53.95) 315 (51.81) 0.455
Female 3,018 (49.17) 280 (46.05) 2,738 (49.51) 280 (46.05) 293 (48.19)
Age (years)
Up to 55 1,087 (17.72) 132 (21.71) 955 (17.27) <0.001 132 (21.71) 125 (20.56) 0.966
56-65 1,817 (29.60) 193 (31.74) 1,624 (29.37) 193 (31.74) 198 (32.57)
66-75 1,779 (28.98) 192 (31.58) 1,587 (28.70) 192 (31.58) 194 (31.91)
76+ 1,455 (23.70) 91 (14.97) 1,364 (24.67) 91 (14.97) 91 (14.96)
Race/ethnicity
White 4,750 (77.39) 481 (79.11) 4,269 (77.20) 0.327 481 (79.11) 474 (77.96) 0.819
Black 795 (12.95) 67 (11.02) 728 (13.16) 67 (11.02) 74 (12.17)
Others 593 (9.66) 60 (9.87) 533 (9.64) 60 (9.87) 60 (9.87)
Years of diagnosis
2004-2006 1,385 (22.56) 133 (21.88) 1,252 (22.64) 0.051 133 (21.88) 126 (20.72) 0.144
2007-2009 1,682 (27.40) 153 (25.16) 1,529 (27.65) 153 (25.16) 172 (28.29)
20102012 1.762 (28.71) 166 (27.30) 1,596 (28.86) 166 (27.30) 184 (30.26)
20132014 1,309 (21.33) 156 (25.66) 1,153 (20.85) 156 (25.66) 126 (20.73)
Marital status
Single 824 (13.42) 69 (11.35) 755 (13.65) <0.001 69 (11.35) 68 (11.18) 0.983
Married 3,501 (57.04) 409 (67.27) 3,092 (55.91) 409 (67.27) 412 (67.76)
Others 1,813 (29.54) 130 (21.38) 1,683 (30.43) 130 (21.38) 128 (21.06)
Tumor location
Head 3,471 (56.55) 412 (67.76) 3,059 (55.32) <0.001 412 (67.76) 416 (68.42) 0.926
Bodyl/tail 1,325 (21.59) 97 (15.96) 1,228 (22.21) 97 (15.66) 98 (16.12)
Other 1,342 (21.86) 99 (16.28) 1,243 (22.48) 99 (16.28) 94 (15.46)
N stage
NO 3,595 (58.57) 234 (38.49) 3,361 (60.78) <0.001 234 (38.49) 237 (38.98) 0.130
NI 2,192 (35.71) 368 (60.52) 1,824 (32.98) 368 (60.52) 356 (58.55)
NX 351 (5.72) 6 (0.99) 345 (6.24) 6 (0.99) 15 (2.47)
Tumor size (mm)
<20 265 (4.32) 49 (8.06) 216 3.91) <0.001 49 (8.06) 43 (7.07) 0.969
2040 2,580 (42.03) 306 (50.33) 2,274 (41.12) 306 (50.33) 314 (51.64)
40-60 1,798 (29.29) 146 (24.01) 1,652 (29.87) 146 (24.01) 145 (23.85)
>60 597 (9.73) 57 (9.38) 540 (9.76) 57 (9.38) 58 (9.55)
Unknown 898 (14.63) 50 (8.22) 848 (15.33) 50 (8.22) 48 (7.89)
Chemotherapy
None/unknown 1,901 (30.97) 163 (26.81) 1,738 (31.43) 0.019 163 (26.81) 154 (25.33) 0.557
Yes 4,237 (69.03) 445 (73.19) 3,792 (68.57) 445 (73.19) 454 (74.67)
Radiation therapy
None/unknown 3,702 (60.31) 303 (49.84) 3,399 (61.46) <0.001 303 (49.84) 309 (50.82) 0.731
Yes 2,436 (39.69) 305 (50.16) 2,131 (38.54) 305 (50.16) 299 (49.18)

Abbreviations: NX, unknown N stage; PSM, propensity score matching.

age at diagnosis, years of diagnosis, N stage, chemotherapy,
radiation therapy, tumor size, and marital status were associ-
ated with CSS (p<0.001). Except for N stage and tumor size,
other factors maintained statistical significance after PSM
(p<0.001). For a more overall approach, all variables were
included in the multivariable model by the Cox proportional
hazards model. In the unmatched data set, surgery, age at
diagnosis, years of diagnosis, marital status, chemotherapy,

radiation therapy, and N stage proved to be independent
predictors of CSS (p<0.001). After matching, surgery, age
at diagnosis, years of diagnosis, and chemotherapy were still
independently correlated with CSS (p<0.001). It is worth not-
ing that either before or after PSM, surgery is a significant
prognostic factor of CSS (Table 2). The Kaplan—Meier curves
for CSS between the two groups before and after PSM are
shown in Figure 3.
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Table 2 Prognostic factors for CSS

Before PSM After PSM
Univariate Multivariate analysis Univariate Multivariate analysis
analysis analysis
p-value HR (95% CI) p-value p-value HR (95% CI) p-value
Surgery <0.001 <0.001 <0.001 <0.001
No Reference Reference
Yes 0.580 (0.523-0.643) 0.501 (0.438-0.573)
Sex 0.272 0.091 0.853 0.115
Male Reference Reference
Female 0.951 (0.897-1.008) 0.895 (0.780-1.027)
Age (years) <0.001 <0.001 <0.001 <0.001
Up to 55 Reference Reference
56—65 1.107 (1.017-1.204) 1.020 (0.850-1.225)
66-75 1.225 (1.125-1.335) 1.016 (0.841-1.227)
76+ 1.509 (1.377-1.653) 1.570 (1.249-1.974)
Race/ethnicity 0.585 0.670 0.637 0.122
White Reference Reference
Black 1.032 (0.947-1.125) 1.203 (0.978-1.481)
Others 0.978 (0.887-1.079) 0.900 (0.717—-1.131)
Years of diagnosis <0.001 <0.001 <0.001 <0.001
2004-2006 Reference Reference
2007-2009 1.054 (0.978-1.136) 0.980 (0.820-1.171)
2010-2012 0.859 (0.796-0.927) 0.764 (0.639-0.915)
2013-2014 0.783 (0.708-0.866) 0.692 (0.548-0.874)
Marital status <0.001 <0.001 <0.001 0.052
Single Reference Reference
Married 0.830 (0.761-0.905) 0.861 (0.697—1.064)
Others 0.938 (0.853-1.031) 1.051 (0.820-1.347)
Tumor location 0.898 0.082 0.950 0.888
Head Reference Reference
Bodyl/tail 1.001 (0.931-1.076) 0.993 (0.812—1.215)
Other 0.924 (0.860-0.993) 1.045 (0.863—1.265)
N stage <0.001 <0.001 0.003 0.009
NO Reference Reference
NI 1.132 (1.066—1.202) 1.246 (1.080-1.437)
NX 1.182 (1.048-1.332) 0.944 (0.571-1.561)
Tumor size (mm) <0.001 0.059 0.109 0.157
<20 Reference Reference
20-40 1.133 (0.982-1.308) 1.380 (1.062—-1.794)
40-60 1.271 (1.098-1.472) 1.394 (1.053-1.845)
>60 1.401 (1.188-1.652) 1.388 (0.987—1.952)
Unknown 1.222 (1.047-1.427) 1.450 (1.041-2.020)
Chemotherapy <0.001 <0.001 <0.001 <0.001
None/unknown Reference Reference
Yes 0.468 (0.438-0.501) 0.410 (0.347-0.485)
Radiation therapy <0.001 <0.001 <0.001 0.002
None/unknown Reference Reference
Yes 0.801 (0.752-0.853) 0.794 (0.685-0.920)

Abbreviations: CSS, cancer-specific survival; HR, hazard ratio; NX, unknown N stage; PSM, propensity score matching.

Primary tumor surgery and clinical

outcome

Before PSM, the median CSS time of the whole cohort was
9 months (range 0—60 months). The median CSS time for
the surgery group was 16 months, while it was 9 months

for the nonsurgery group. The 1- and 3-year CSS rates of
the surgery group were 59.64% and 13.88%, respectively,
which were significantly better than those of the nonsurgery
group, namely 34.03% and 4.22%. After PSM, the 1- and
3-year CSS rates of the nonsurgery group changed slightly
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Abbreviations: CSS, cancer-specific survival; PSM, propensity score matching.

(35.46% and 3.66%) and were still prominently lower than
those of the surgery group, as shown in Table 3.

Subgroup analysis

We also performed a subgroup analysis to confirm which
patients can benefit from the surgery (Figure S1). Improved
survival outcomes can be noticed for the surgery group
regardless of sex, tumor location, tumor size, N stage, and
age at diagnosis.

Discussion

Nowadays, systemic therapy is the first step in treating stage
III PC."*5 However, before 1997, fluorouracil (5-FU) was
the only option and had no obvious superiority over best-
supportive care.'® In the year 1997, Burris et al performed a
pivotal study to compare gemecitabine with 5-FU in advanced
PC. As a milestone event, the study demonstrated the pow-
erful efficacy of gemcitabine and established gemcitabine
monotherapy as the new standard option for advanced
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Table 3 CSS rate and median CSS before and after PSM

Before PSM After PSM

CSS rate Median CSS rate Median

I year (%) 3 years (%) CSS (months) I year (%) 3 years (%) CSS (months)
The whole cohort 36.53 5.14 9 36.53 5.14 9
Surgery group 59.64 13.88 16 59.64 13.88 16
Nonsurgery group 34.03 4.22 9 35.46 3.66 9

Abbreviations: CSS, cancer-specific survival; PSM, propensity score matching.

PC.'%!" Motivated by this study, a lot of clinical trials have
been carried out trying to find better gemcitabine-based
combination options, but none succeeded. In 2007, PA.3 trial
showed important enhanced survival comparing gemcitabine
plus erlotinib versus gemcitabine monotherapy (p=0.023) in
patients with stage III PC. Even so, this combination has not
replaced gemcitabine as it contributes higher costs, more side
effects, and selected improvement in survival.'®

In the past, contradictory opinions existed regarding sur-
gical intervention for stage 111 PC among different national
or institutional standards. However, with the improvement of
aggressive chemoradiation and surgical procedure, a substan-
tial number of patients can achieve better local tumor control
or tumor downstaging after 4-6 months of systemic therapy.'’
Therefore, transitioning to perform surgical intervention
becomes an alternative in such patients with good perfor-
mance, especially if side effects from chemoradiotherapy
are important obstacles to continued initial therapy.?*** Some
meta-analyses have shown that surgical resection for stage
IIT PC can be performed with safety and got similar benefit
in patients without vein infiltration (superior mesenteric vein
or portal vein).?*2® A recent observational study included
101 patients with LAPC receiving a median of six cycles
of induction FOLFIRINOX (5-FU, oxaliplatin, irinotecan,
and leucovorin). Nearly one-third of patients downstaged to
resectable tumors and underwent surgery.” Even with arte-
rial resection, surgery is also feasible from a technological
perspective. Hence, patients with stage 111 PC should not be
excluded for surgical resection.

Moreover, surgical intervention is attractive to both
patients and their doctors as it removes the single measurable
tumor. Many clinical trials have been performed to assess
surgical intervention for stage III PC. Dholakia et al identi-
fied 50 patients with BRPC who received chemoradiotherapy
from 2007 to 2012. Of this population, 29 patients (58%) who
had better performance status underwent resection with an
increased median overall survival compared with unresected
patients (22.9 months versus 13.0 months, p<0.001).3° Several

uncontrolled retrospective studies and two meta-analyses also
found tumor surgery to have a favorable prognostic impact.3!
In the first meta-analysis based on data from 26 studies, Moll-
berg et al reported that pancreatectomy with arterial resection
was associated with better survival in comparison to patients
who did not have arterial resection.’ The second meta-analysis
compared resection versus palliative treatments for LAPC and
found that pancreatic resection was associated with increased
survival and decreased costs, despite the evidence quality
being low.*> Nakamura et al reviewed 80 patients with LAPC
who underwent distal pancreatectomy with en bloc celiac axis
resection at a single institution. The 1-, 2-, and 5-year overall
survivals were, respectively, 81.1%, 56.9%, and 32.7%, and
the median survival time was 30.9 months.*

However, conflicting results were reported in a recent
study based on data from the American College of Surgeons-
National Surgical Quality Improvement Program Pancreatec-
tomy Demonstration Project. In this study, Beane et al found
a 10% postoperative acute kidney injury and a 10% operative
mortality rate in 20 patients who underwent distal pancre-
atectomy with celiac axis resection. The authors suggested
that the increased risks should be disclosed carefully before
considering a modified Appleby procedure for the patients
with LAPC.** The data from Amano et al also suggested that
resection is helpful only when margin-negative resection is
performed for selected LAPC.** As these trials were small and
poorly accurate, we designed this population-based analysis
using PSM. Our SEER data analysis provides evidence of a
clear association of surgery in stage III PC with increased
CSS in a large patient cohort. Both univariate analysis and
multivariable analysis reveal a benefit of surgery, no matter
whether before or after PSM. In our study, 1-year CSS rate
was larger for the surgery group versus the nonsurgery group
(59.64% versus 34.03%), as was the 3-year CSS rate (13.88%
versus 4.22%; p<0.001). Surgery improved the median CSS
when compared with the nonsurgery group (16 months versus
9 months, p<0.001). Although both 1- and 3-year survival
rates and the median survival time in our study were lower
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than the studies mentioned above, our study is more con-
vincing and reliable as we included patients treated in the
“real-world” setting rather than the highly selected patients
included in these clinical trials. As far as we know, this is
the largest study evaluating the role of surgical resection in
patients with stage III PC. Also, we observe that surgery is
associated with improved CSS among a variety of subgroups
regardless of sex, tumor location, tumor size, N stage, and
age at diagnosis.

A limitation of our study is that we excluded patients
treated with IRE because of the small size of the cohort.
However, more and more studies have been investigating IRE
safety and efficacy.’**° In a 2017 systematic review of 10
studies reporting on the use of IRE to treat 102 patients with
advanced PC, the median recurrence-free survival was 2.7—
12.4 months and the median overall survival was 7-23 months
postoperatively, with less postprocedural complications.*

Our present study is not without limitations. Although
we applied for the SEER Radiation Therapy and Chemo-
therapy Information, the detailed regimens and the timing
of chemoradiotherapy are yet unknown. However, given the
narrow and contemporary scope of this analysis (2004-2014),
patients are more likely to be treated with FOLFIRINOX or
gemcitabine-based chemotherapeutic regimens. Furthermore,
given the limited resolution of the SEER Registry, we can-
not subdivide stage IIT PC into BRPC and LAPC. However,
both multivariable analysis and additional PSM were carried
out to reduce potential confounding, with a strict statistical
significance level (0.001). Additionally, comorbidity informa-
tion was not included in the SEER data, which may increase
data on surgery-related complications or death, thus changing
the survival benefits.

Conclusion

In conclusion, our present SEER data analysis provides
evidence that patients with stage III PC who are treated with
surgical resection have a survival benefit. Prospective ran-
domized trials are needed to confirm this result and further
efforts are required to address patient selection.
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Figure S| Kaplan—Meier curve of CSS comparing the surgery group with the nonsurgery group in different subgroups.

Notes: (A) Male subgroup; (B) Female subgroup; (C) Head tumor subgroup; (D) Body/tail tumor subgroup; (E) Other locations tumor subgroup; (F) Age <55 years
subgroup; (G) Age 56—65 years subgroup; (H) Age 66—75 years subgroup; (I) Age >75 years subgroup; (J) Tumor size <20 mm subgroup; (K) Tumor size 20—40 mm subgroup;
(L) Tumor size 40-60 mm subgroup; (M) Tumor size >60 mm subgroup; (N) NO stage subgroup; and (O) NI stage subgroup.

Abbreviation: CSS, cancer-specific survival.
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