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Background: With the progress in surgical techniques and management of complications, pancreatic resection can be safe-
ly performed in experienced hospitals. Pancreatic resection enables surgeons to assess the effect of surgery
for metastatic cases, even when there is limited information. In the present study we evaluated the role of pri-
mary tumor resection for metastatic pancreatic cancer (mPC) by using the Surveillance, Epidemiology and End
Results (SEER) database.

Material/Methods: Metastatic pancreatic cancer patients treated at our hospital from 2004 to 2015 were identified. The effect
of surgery on cancer-specific survival was assessed by restricted mean survival time (RMST) and stabilized in-
verse probability of treatment weight-adjusted analysis after propensity score matching (PSM).

Results: A total of 2694 mPC patients were included. Of this population, 365 adults underwent primary tumor resec-
tion. After propensity matching, postsurgical patients had longer RMST than non-surgery patients (1: 1 PSM
11.60 months vs. 8.98 months; 1: 2 PSM 11.61 months vs. 9.10 months; p<0.01). Stabilized inverse probabili-
ty of treatment weight-adjusted analysis yielded similar results (p<0.01).

Conclusions: Our study supports the hypothesis that patients with mPC can benefit from primary tumor surgery. However,
the surgical inclusion criteria and the appropriate role of surgery, such as its effect on symptom control, quali-
ty of life, and the extent to which it prolongs survival for metastatic pancreatic cancer, remain to be complete-
ly assessed by well-designed, prospective, randomized clinical trials.
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Background

CLINICAL RESEARCH

Material and Methods

Pancreatic cancer (PC) is among the most frustrating diseas-
es for clinicians, and it has an extremely poor prognosis [1].
By the year 2030, it is predicted to become the second leading
cause of cancer-associated mortality in the USA [2]. Because
of the late onset of symptoms and early metastasis, over 50%
of patients present with metastatic disease. Surgical resection,
which is the only way to achieve long-term survival, is com-
monly unavailable for these people [3,4].

Regarding the choice of surgical resection, several classifi-
cations primarily focus on the vascular attachment status of
the primary pancreatic tumor [5,6]. According to the National
Comprehensive Cancer Network guideline, local resectability
is generally classified as resectable, borderline resectable, or
locally advanced (irresectable), whereas metastatic disease is
not fully included in this definition. During the last decade, with
the regionalization of pancreatic surgery into high-volume med-
ical centers, the resection rate has increased to about 60% and
the indications for surgery have been extended [7]. Therefore,
dilemmas often arise in daily clinical practice: patients develop
metastatic disease, and primary tumors appear to be resect-
able. In this setting, surgery is occasionally performed accord-
ing to the surgeon’s experience and individual wishes, but its
impact on survival has not been clearly elucidated.

Evidence from some other solid malignancies, such as metastat-
ic breast cancer [8], metastatic renal-cell cancer [9], and meta-
static colorectal cancer [10], has shown favorable outcomes for
primary tumor resection, whereas minimal data exist for met-
astatic pancreatic cancer. This may be due to a skeptical atti-
tude towards the safety and efficacy of surgery for pancreatic
cancer [11]. Recent progress allows pancreatic surgery to be
safely performed, with low morbidity and mortality rates [12].
At present, postoperative mortality has fallen to well below 5%
in experienced hospitals, giving surgeons impetus to assess the
effectiveness of surgery in metastatic cases [13-16]. However,
the existing recommendations are controversial. Some case
studies reported that resection is beneficial in well-selected pa-
tients [17-22]. By contrast, a few surgical series demonstrat-
ed that resection of the main tumor and its metastatic lesions
conveyed no survival benefit, and resection could not be rec-
ommended [23,24]. No credible conclusion can be drawn from
these studies, as they are all small and nonrandomized, and are
selected cohorts from single institutions. Thus, the exact role of
this unconventional therapy merits more systematic valuation.

Therefore, we conducted this study with a large population-
based cohort based on SEER data. The prognostic value of pri-
mary tumor resection for metastatic pancreatic cancer was
evaluated after minimizing possible selection bias by propen-

Data source

By using de-identified data exempt from supervision by the
Institutional Review Board, we conducted a retrospective anal-
ysis using the Surveillance, Epidemiology and End Results
(SEER) program. The SEER program is a population-based can-
cer registry covering about 28% of the US population. It pri-
marily collects data on patient demographics, tumor charac-
teristics, therapies, and end result [25].

Study population

Based on the SEER database submitted in November 2017, we
obtained a total of 60 229 pancreatic patients aged 18+ years
with clinical stage IV (anyTanyNM1) between the years 2004
and 2015. We set the following inclusion criteria: (a) active
follow-up case (exclude “autopsy only” or “death certificate
only” case); (b) histology codes: 8000, 8010, 8020, 8050, 8140,
8144, 8141, 8210, 8211, 8255, 8260, 8261, 8262, 8263, 8490,
8500, or 8560 according to the third edition of the International
Classification of Diseases for Oncology (ICD-0-3) (exclude en-
terochromaffin tumors, neuroendocrine tumors, and lympho-
mas); (c) primary pancreatic cancer in the patient’s lifetime;
(d) survival time between 3 and 60 months; (e) no surgery of
distant site; and (f) clear information on tumor characteristics
and therapies (surgery type, T stage, N stage, tumor size, and
grade). The included patients were partitioned were divided
into 2 groups according to whether they had undergone pri-
mary tumor resection.

Statistical analysis

Baseline differences between the 2 groups were analyzed uti-
lizing the Pearson chi-square test or Fisher exact test, as ap-
propriate. Since patients were not randomly assigned to get
every treatment, propensity score matching (PSM) was per-
formed to help limit selection bias [26,27]. Firstly, a measure
assessing the degree to which a covariate confounds the treat-
ment impact on result was proposed [28]. Covariates with a
vast degree (relative effect >0.1) are potential candidates for
inclusion in the PSM model. Then, greedy different propor-
tional algorithms were used to match patients who under-
went primary tumor surgery to those that did not, based on
a range of +0.05 of the propensity score. The matching range
of +0.05 was selected because it offers balance of the includ-
ed covariates, and does not lose many treated people as un-
matchable. After PSM, the standardized differences were cal-
culated for balance checks of covariate distributions between
the treatment groups. The cut-off point at which a decision
about balance is made is set to 10 [29,30].
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Table 1. Demographic and clinical characteristics of patients with metastatic pancreatic cancer.

No primary

. Standardized
(n=2694) tur(r:::zs:zrg)ery (s:;g:rsy) p Value Relative effect difference
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"""" singe 317 (18 285 (22 32 ®8
"""" Maried 1681 (624) 1421 (610) 260 (12
"""" Othes 413 (53 372 (eo) 4 1)
fumorlocaton oo | 0265 1574
"""" Bodyfall 95 (58 88 (77 & @38
"""" Head 1259 (467) 1025 (440) 234 (64D
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Table 1 continued. Demographic and clinical characteristics of patients with metastatic pancreatic cancer.

No primary

(PLE) (n=2329)

Primary tumor
tumor surgery

Patient characteristics in raw data

Standardized

Relative effect difference

surgery
(n=365)

p Value

Within the matched patient group, scaled Schoenfeld residu-
als analyses were conducted to test proportional hazards as-
sumptions after using Cox regression models. In case of non-
proportionality, the restricted mean survival time (RMST) was
conducted to estimate cancer-specific survival differences dur-
ing a 20-month period [31-33].

In addition, because propensity score matching can eliminate
many patients and reduce power, a stabilized inverse probability
of treatment weight-adjusted analysis (IPTW) based on the pro-
pensity score was performed [34-36]. The log-rank test was used
to compare cancer-specific survival between treatment groups.

All statistical analyses were performed with R statistical soft-

ware (www.r-project.org). Two-sided p values were considered
statistically significant at p<0.01.

Results

Patient characteristics

After screening, a total of 2694 metastatic pancreatic cancer pa-
tients were enrolled in the formal analysis (Supplementary Figure 1).

Of this population, 365 adults (median age 63 years, range 30-92
years) underwent tumor resection as part of first-course therapy.
The major surgery type was Whipple (194, 53.2%). Patients were
divided into 2 groups: a primary tumor surgery group and a no
primary tumor surgery group. The clinicopathological character-
istics are shown in Table 1.

Propensity score matching

Because of differences between the 2 groups (p<0.05), pro-
pensity score matching (PSM) was performed to minimize
the bias. After assessing the extent to which a covariate con-
founded the outcomes, the following variables were includ-
ed in PSM (relative effect 0.1, Table 1): era of diagnosis, age
at diagnosis, tumor location, marital status, grade, T stage,
N stage, tumor size, chemotherapy, and radiotherapy. After
1: 1 and 1: 2 PSM, all covariates were well balanced by stan-
dardized differences (Figure 1, Table 2). In addition, 1: 3 PSM
was also tried in order to make full use of cases, which result-
ed in 2 imbalance covariates: chemotherapy and tumor size
(Figure 1). In this context, 1: 1 and 1: 2 PSM were determined
as the basis of subsequent survival analysis.
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Figure 1. Illustration of standardized differences in original data and after (A) 1: 1 propensity score matching (PSM), (B) 1: 2 PSM, and

(€) 1: 3 PSM.

Survival analysis

The median follow-up was 7 months. The median cancer-specific
survival (CSS) of patients after resection of primary tumor was
9 months (range 3—-59 months), which was longer than in pa-
tients without surgery (7 months, range 3-54 months). On uni-
variate survival analysis, primary tumor surgery, era of diagno-
sis, age at diagnosis, grade, and chemotherapy were associated
with CSS (p<0.001) in 2 PSM cohorts (Supplementary Table 1).
The following known prognostic factors variables were included
in the multivariable analysis by the Cox proportional hazards
model: primary tumor surgery, era of diagnosis, tumor location,
T stage, N stage, tumor size, grade, marital status, chemother-
apy, age at diagnosis, and radiotherapy. Then, the proportion-
al hazards assumption for the Cox regression model fit was
tested using scaled Schoenfeld residuals analysis. The results
showed that P values of the overall model and some variables
were less than 0.05 (Supplementary Table 2). Thus, the propor-
tional hazards assumption was violated. In this case, restricted
mean survival time (RMST) was used to estimate the survival

differences during a 20-month period, as over two-thirds of
the population had died by this time-point after their diagno-
sis. The RMST differed significantly between the primary tu-
mor surgery group and the non-surgery group (1: 1 PSM: 11.60
months vs. 8.98 months, p<0.01; 1: 2 PSM: 11.61 months vs.
9.10 months, p<0.01) (Figure 2, Supplementary Table 3). The dif-
ference in RMST between the 2 groups was 2.6 months (95%Cl
1.7-3.5) and 2.5 months (95%Cl 1.7-3.3) for the 2 PSM cohorts.
In addition, after adjusting for important prognostic factors us-
ing a ANCOVA type adjusted analysis [32], patients who under-
went surgery still had longer survival on average than those
in the non-surgery group (p<0.01). A stabilized inverse prob-
ability of treatment weight-adjusted analysis yielded similar
results (IPTW) (p<0.01) (Figure 3).

Discussion

To the best of our knowledge, this study is the first to use pro-
pensity score matching to assess the effect of primary tumor
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Table 2. Comparison of baseline variables between 2 groups in the matched dataset.
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Table 2 continued. Comparison of baseline variables between 2 groups in the matched dataset.

1: 1 Propensity score matched 1: 2 Propensity score matched

No surgery Surgery Standardized No surgery Surgery Standardized

No. (%) No. (%) differences No. (%) No. (%) differences
T stage <0.001 7.918 <0.001 2.543
. woe® 7oa9 % o 7 a9
o %0 (47) 34 ©3 173 @39 4 03
o %0 (47) 34 ©3 173 @39 4 03
o 165 @452 278 (762 300 @412 278 (764)
7 % (63 46 126 230 (1o 45 124
Tumorsize(mm)  os4 2161 023 3758
w0 121 632 125 342 232 (19 124 &)
a0 64 a75) 55 sy 147 02 55 asy
”””” 3140 102 (79) 105 288 200 (75 105 (88
a0 64 75 55 sy 147 02 55 asy
”””” 0 78 (4 s QL) 149 @05 8 200
Chemotherpy o 703 o7 2387
”””” None/unknown 126 (345) 114 312) 218 (99 113 GLo)
ves 239 (655) 251 (688 510 (o) 251 (90)
Radiotherapy o078 3041 099 1153
”””” None/unknown 307 (841 31 €52 617 848 310 652
Y ss (59 s4 4y 11 052 54 (148

resection in patients with mPC. We found a clear association
of primary tumor resection with prolonged cancer-specific sur-
vival. One of the greatest potential strengths of our study is
that it was performed in a real-world, large-scale cohort, and
thus provides more powerful evidence than previous publica-
tions. Propensity scores were calculated and restricted mean
survival time was estimated in the absence of proportional
hazards assumptions. Moreover, a stabilized inverse proba-
bility of treatment weight-adjusted analysis also showed the
benefit of resection.

Chemotherapy is the cornerstone of management for metastat-
ic PC. During the last 17 years, new intensive chemotherapeu-
tic combinations (FOLFIRINOX and gemcitabine plus nab-pacli-
taxel) have been the most commonly administered first-line
therapies. They not only prolong overall survival, but also offer
the possibility of good tumor response [37,38]. Consequently,
some previously unresectable patients were being reconsid-
ered for surgery after chemotherapy. In a study conducted
at the University of Heidelberg, 575 patients with locally ad-
vanced and unresectable PC received neoadjuvant treatment.

After re-staging, 292 patients underwent resection (including
51 of the 135 patients with metastatic disease), and the sur-
vival rate of patients who underwent resection was higher
than that of patients who only underwent exploration (15.3
months vs. 8.5 months, P<0.0001) [39]. In another retrospec-
tive study of 22 metastatic PC patients, primary tumor size
decreased from 31 to 19 mm after chemotherapy and RO re-
section was achieved in 88% of cases. The results showed an
overall survival of 56 months and a progression-free surviv-
al of 27 months for patients after surgery [40]. By compari-
son, our investigation found only modest benefits for surgi-
cal patients (9 months vs. 7 months, p<0.01). This was partly
due to the differences in cohort size, chemotherapy regimen,
and inclusion criteria. We were not sure all surgical patients
had a good treatment response, and those diagnosed before
2011 were less likely to have received the new intensive reg-
imens. However, our study showed that a large proportion of
patients who underwent resection presented with head tu-
mors (64.1%), which become symptomatic earlier than malig-
nancies in other locations, and these patients were relatively
easy to diagnose and treat early.
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From the perspective of tumor pathophysiology, the prac- and physical effects in promoting tumor survival, proliferation,
tice of primary tumor resection also has a theoretical basis. and metastasis [43,44]. Differences in stromal density between
Pancreatic cancer is a highly stroma-abundant, tough tu- primary and metastatic lesions may contribute to a discrepan-
mor [41]. The dense fibrotic stroma obstructs entry of chemo- cy in therapeutic response. Therefore, it seems logical that low
therapeutic drugs into the tumor, causing a poor treatment re- tumor burden increases the success of chemotherapy for mPC.

sponse [42]. Moreover, the stroma has important biochemical
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The mean postoperative survival was 10.7 months, which
107 was not significantly different from a matched-pair group
- ,Sql(')'ng_esmgery (15.6 months; P=0.1) [17]. They concluded that synchronous
0.8 resection remained an individual approach for super-selected
patients only. Limited by data of the SEER database, our cur-
z rent analysis only evaluated the prognostic value of primary
g 067 tumor resection. After propensity score matching, surgical pa-
T%— tients were found to have longer RMST than non-surgery pa-
§ 0.4 tients (1: 1 PSM 11.60 months vs. 8.98 months; 1: 2 PSM 11.61
< months vs. 9.10 months; p<0.01). A stabilized inverse proba-
bility of treatment weight-adjusted analysis was conducted to
0.2 make full use of this large cohort, and we found that the sur-
vival benefit was still driven by the resected patients (p<0.01).
0.0
l 4 | | | T T Our study revealed primary tumor resection can be beneficial
0 10 20 30 40 50 60 . . . . .

Number of patients Survival time (months) in patients with ‘mPC. Ho.wever, as’ pa.tlents were selected in
Surgery 365 158 6 3 " s 0 the non-randomized setting, our findings cannot be used to
Non-surgery 2329 627 139 38 9 2 0 suggest that primary tumor resection should be performed
more frequently. Our central goal was to encourage the in-
Figure 3. Cancer-specific survival by stable inverse probability volved oncologists to critically revisit the impact of surgery in

of treatment weight-adjusted analysis in patients with the treatment of metastatic PC.

metastatic pancreatic cancer.

In addition, we would like to acknowledge other limitations
In other cases, detecting the existence of micrometastasis is of this study. Firstly, inherent selection bias cannot be exclud-

difficult. Metastases are often founded in the operating room. ed due to its retrospective nature. Secondly, the SEER registry
This leaves surgeons with a tough choice: the primary tumor does not provide any data on performance status, volume, or
seems to be resectable, the patient’s performance status is location of the metastases, comorbidity, and other important
good, the surgeon has confidence in the low risk of complica- factors. Thirdly, information about the time interval between
tions, and the patient’s relatives strongly support the removal resection and the onset of chemotherapy may affect progno-
despite having been informed of the danger. In a report pub- sis and is crucial for clinical practice.

lished by Kim et al. [45], 115 patients were confirmed as having

mPC during surgery, and 35 of them underwent primary tumor

resection. The results showed that the survival rate of the re- Conclusions

sected patients was significantly better than that of unresect-

ed patients (p<0.001). Although surgery is a passive decision In conclusion, our study supports the hypothesis that patients

in this condition, favorable outcomes cannot be overlooked. with mPC can benefit from primary tumor surgery. We spec-

ulated that patients with oligometastasis after chemothera-
Apart from primary tumor resection, surgery for micrometasta- py can be considered for resection. However, the surgical in-
sis has drawn increased attention in recent years [22,23,46-48]. clusion criteria and the appropriate role of surgery, such as
With the increasing use of contrast enhancement and rapid its effect on symptom control, quality of life, and the extent
multislice computed tomography, a growing number of pan- to which it prolongs survival, still require thorough evaluation

creatic cancer patients presented with oligometastases and a through well-designed, prospective, randomized clinical trials.
resectable primary lesion [49]. In this setting, synchronous or

metachronous metastasectomy may be appropriate, togeth- Acknowledgements

er with pancreatic resection. Tachezy et al. reported that pa-

tients who underwent simultaneous pancreas and liver metas- All authors would like to thank the SEER program for provid-
tasis resections had longer overall survival than non-resected ing open access to the database.
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Supplementary Data

60229 Pancreatic cancer patients aged 18+,
AJ(Cstage 7™ stage IV,
year of diagnose: 2004-2015

57 535 Excluded
145 Diagnosis by autopsy or death certificate
5815 Diagnosis not confirmed by histology
9592 Pancreatic cancer following other tumor
—>| 24523 Susrvival time <3 or >60 months
1163 Surgery of distant site unreported or
performed
16297 Surgery of primary site, primary tumor
size, T stage, N stage and grade unclear|

| 2694 Inclusion for analysis |

2329 No primary tumor surgery | [365 Received primary tumor surgery

Supplementary Table 1. Univariate analysis of cancer-specific
survival in the matched dataset.

1: 1 Propensity
score matched

1: 2 Propensity
score matched

Primary tumor

surgery <0.001 <0.001
Eraofdiagnosis | o001 0001
Csex o o768 0862
Agey o 0001 0001
Race/ethnicity | 0449 0911
 Maritalstatus | 0133 0048
Tumorlocation o184 0312
CGrade o 0004 0001
Tstage 0932 0458
Nstage o 0927 0841
Tumorsize (mm) | 0753 0536
Chemotherapy @001 0001
Radiotherapy | 0197 0067

CLINICAL RESEARCH

Supplementary Figure 1. Flow chart for creation of the
Surveillance, Epidemiology and End Results
(SEER) patient dataset. AJCC — American Joint
Committee on Cancer.

Supplementary Table 2. Proportional hazards assumption
test for the Cox regression model fit by scaled
Schoenfeld residuals analyses.

1: 1 Propensity
score matched

1: 2 Propensity
score matched

Global <0.001 <0.001

ES:;::; tumor 0.288 0.416
EecidEmmss 0325 0066
CEwe NA NA
ey 0156 0260
B e T NAa NAa
 Marital status 0385 0579
ekt 0043 0365
Gl 0003 0050
Cemm 0437 0625
Nstage 0479 0485
Crmerszm 0165 0133
 GmsleEgy ©o01 0001
Gedimbemm 00 0035 0024

NA - not applicable.

Supplementary Table 3. Restricted mean survival time in the matched dataset.

1: 2 Propensity score matched

Restricted mean 8.98 11.60
survival time (8.39-9.56) (10.94-12.26)
Restricted mean 11.03 8.40
time lost (10.44-11.61) (7.74-9.06)

9.10 11.61

oo (8.68-9.53) (1095-1227) <00t
10.90 5D
o (10.47-11.32) (7.73-9.05) 0D
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