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Abstract
Background Postoperative major morbidity has been associated with worse survival gastrointestinal tumors. This association
remains controversial in pancreatic cancer (PC). We analyzed whether major complications after surgical resection affect long-
term survival.
Methods Records of all PC patients resected from 2007 to 2015 were reviewed. Major morbidity was defined as any grade-3 or
higher 30-day complications, per the Clavien-Dindo Classification. Patients who died within 90 days after surgery were excluded
from survival analysis.
Results Of 616 patients, 81.7% underwent pancreatoduodenectomy (PD) and 18.3% distal pancreatectomy (DP). Major com-
plications occurred in 19.1% after PD and 15.9% after DP. In patients who survived > 90 days, the likelihood of receiving
adjuvant treatment was 43.9% if major complications had occurred, vs. 68.5% if not (p < 0.001), and those who received it started
the treatment median 10 days later compared with uncomplicated patients (median 60 days (50–72) vs. 50 days (41–61), p =
0.001). By univariate analysis, in addition to the conventional pathology-related prognostic determinants and the receipt of
adjuvant treatment, major complications worsened long-term survival after PD (median OS 26 months vs. 15, p = 0.008). A
difference was also seen after DP, but it did not reach statistical significance, likely related to the small sample size (median OS
33 months vs. 18, p = 0.189). At multivariate analysis for PD, major postoperative complications remained independently
associated with worse survival [HR 1.37, 95%CI (1.01–1.86)].
Conclusions Major surgical complications after pancreaticoduodenectomy are associated with worse long-term survival in
pancreatic cancer. This effect is independent of the receipt of adjuvant treatment.
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Introduction

Although mortality from pancreatic resections has decreased
markedly in high-volume centers, these operations are still
fraught with complications. The overall burden of morbidity
is reported to be around 50% for overall complications and up
to 20% for major morbidity.1,2

Major morbidity after surgery has been shown to worsen
long-term outcome in many types of cancers, though the un-
derlying mechanisms are not completely understood.3–6 Some
authors have hypothesized that the occurrence of complica-
tions, or the lack of effort to thrive, may reflect a condition of
impaired resilience in those patients who consequently expe-
rience early recurrence and death.7 Others have posited that
complications may be directly responsible for a long-standing
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immune-suppressive effect, with consequent increased sus-
ceptibility to cancer recurrence and death.8,9

Several predictors of worse survival after surgical resection
for pancreatic ductal cancer (PDAC) are well-recognized, and
include advanced stage, positive resection margins, nodal in-
volvement, perineural and lymphatic invasion, size of the tu-
mor, high Ca19-9 levels and lack of adjuvant treatment
(AT).10–13 Whether major complications have an impact on
long-term survival in pancreatic cancer patients is controver-
sial. Overall, presence of any complication has been associat-
ed with delay in receiving adjuvant therapy, but not in the
likelihood of receiving the treatment,14 unless the complica-
tions are severe.15 Several studies have indeed shown an as-
sociation between the occurrence of major postoperative mor-
bidity and impaired survival in PDAC16–19; however, in a
recent analysis involving more than 500 resected pancreatic
ductal adenocarcinomas, long-term survival was independent
from the occurrence of high-grade complications.20

In this study, we sought to investigate in a large cohort of
patients undergoing surgical resection for pancreatic ductal
adenocarcinoma whether the occurrence of clinically relevant
postoperative complications affected long-term survival and
to assess if this effect is potentially mediated by an impairment
in adjuvant treatment administration.

Methods

Patient Selection

After IRB approval, all consecutive patients who underwent
resection for PDAC at the Massachusetts General Hospital
from January 2007 to December 2015 were analyzed.
Demographic and clinical data were retrieved from institution-
al prospective databases and patient medical records. Cases
missing PDAC confirmation at the final pathology or with
diagnosis of pancreatic adenocarcinoma arising from
intraductal papillary mucinous neoplasm (IPMN) were
excluded.

Preoperative Work-up and Definitions

All patients underwent preoperative staging by multiphase
enhanced abdominal CT. According to our institutional prac-
tice, in cases of radiologic vascular involvement suggesting
borderline or locally advanced disease, the patients were of-
fered neoadjuvant treatment. The most commonly utlilized
was FOLFIRINOX, followed by R gemcitabine in combina-
tion with nab-paclitaxel, with an 8:1 ratio.

Postoperative complications were considered as any 30-
day deviation from the patient recovery, prolonging the length
of hospitalization, requiring supplementary care or a new ad-
mission. The severity of complications was graded per the

Clavien-Dindo classification.21 Major complications were de-
fined as any complication equal or more than grade 3.
Pancreatic fistula was diagnosed and classified according to
the ISGPS classification22; only clinically relevant pancreatic
fistulae (grades B and C) were recorded.

Postoperative mortality was defined as death for any reason
within 90 days after surgery; these patients were excluded
from the survival analysis. An R0 resection was defined as
the absence of cancer cells within 1 mm from the resection
margin.23 Follow-up time was calculated from the date of
surgery to the patient death, or to the last available contact
via office visit, hospital admission, or phone call.

Statistical Analysis

Continuous variables were evaluated for normal distribution
with Kolmogorov-Smirnov test and are expressed as mean
values and standard deviation (SD) or median and interquar-
tile range (IQR). Categorical variables are presented as abso-
lute numbers and percentages.

Nonrandom association was tested with the Fisher’s exact
test for categorical variables, while the Student’s t test or the
Mann-Whitney U-test were used to compare continuous data.

Survival analyses were performed through the log-rank
(Mantel-Cox) test. Patients who did not die during the follow-
up period were censored at the last available contact date.

To assess which variables were independently associated
with OS, a Cox proportional hazard ratio model was built,
based on the type of surgery (proximal or distal pancreatic
resections), adjusted for need for vascular resection, occur-
rence of major complications, size of the tumor, nodal status,
radical resection margins and receipt of adjuvant treatment.
Hazard rates (HRs) are reported with the 95% confidence
interval (CI).

For each test, a two-sided p value of 0.05 was considered
significant. All statistical computations were performed using
IBM SPSS, version 24 (IBM Corp., Armonk, NY).

Results

616 patients underwent surgical resection for PDAC at our
institution from January 2007 to December 2015. The median
age was 68 years, and 48.7% were ASA 3 or more.
Neoadjuvant treatment was administered to 36.9% and most
patients underwent pancreaticoduodenectomy (PD, 81.7%).
Patient characteristics are depicted in Table 1.

As shown in Tables 2, 57.5% of patients experienced a
postoperative complication. Major morbidity (Clavien-Dindo
equal or more than grade 3) occurred in 114 (18.5%).
Specifically, 38 patients (6.2%) had a clinically relevant post-
operative pancreatic fistula, 40 (6.5%) had a septic complica-
tion and 20 (3.2%) needed a relaparotomy. Postoperative 30-
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and 90-day mortality was 2.3 and 3.4%, respectively. Median
follow-up was 16 months (IQR 8-32).

Baseline characteristics of patients with or without high-
grade complications were similar, except for need for vascular
resection. The prevalence of vascular resection was 27.3% in
those who experienced severe postoperative morbidity, com-
pared with 11.4%, in uncomplicated patients (p = 0.001)
(Supplementary Table 1).

Adjuvant treatment was administered to 394 of 616 pa-
tients (64.0%), with a median time from surgery to the begin-
ning of adjuvant treatment of 50 days, IQR (42–65). The like-
lihood of receiving adjuvant treatment was significantly re-
duced in patients who experienced major complications, with
a rate of 43.9% vs. 68.5%, (p < 0.001). When excluding those
patients who died within 90 days, the proportions were 55.8
and 71.4%, respectively (p = 0.001). Likewise, the time from
surgery to the first dose of chemotherapy was longer in pa-
tients with severe complications when compared with those
without (median 60 (50–72) vs. 50 days (41–61), p = 0.001),
though, the rate of patients who began adjuvant treatment over
12 weeks after resection was similar in both groups [3 out of
42 (3.9%) vs. 20 out of 271 (5.2%), p = 0.789].

Kaplan-Meier curves for overall and disease-free survival
after PD are shown in Fig. 1.

Predictors associated with overall survival, according to the
type of surgical resection, are shown in Table 3. By univariate
analysis, the median OSwas nearly halved in PD patients who
experienced major complications [15 months (IQR 8.2–21.8)
vs. 26 months (IQR 21.8–30.2), p = 0.007]. Other predictors
of poor survival were need for vascular resection, tumor size
≥ 30 mm, positive nodal status, non-R0 resection, and lack of
adjuvant treatment (p < 0.05). Specifically for postoperative
morbidity, infectious complications were associated with re-
duced OS in PD patients [18 m (11.3–24.7) vs. 27 m (22.6–
31.4), p = 0.023]. At multivariate analysis, the occurrence of
major morbidity remained independently associated with OS
after pancreatoduodenectomy, with a HR of 1.37, 95%CI
(1.01–1.87), p = 0.041, together with tumor size [HR 1.43,
95%CI (1.11–1.85), p = 0.006], positive nodes [HR 1.82,
95%CI (1.35–2.47), p < 0.001], R-status [HR 1.39, 95%CI
(1.08–1.80), p = 0.012], and receipt of adjuvant treatment
[HR 0.54, 95%CI (0.41–0.71), p < 0.001].

After distal pancreatectomy, only tumor size [HR 3.06,
95%CI (1.56–6.00), p = 0.001], nodal status [HR 2.06,
95%CI (1.03–4.13), p = 0.041], and lack of adjuvant treatment
[HR 1.91, 95%CI (1.02–3.61), p = 0.045] were independently
associated with OS.

We then compared the survival curves after combination of
adjuvant treatment and major morbidity after PD (Fig. 2). We
observed that 6-month, 1-, 2- and 5-year survival rates for pa-
tients who did not experience major complications and did not
receive AT (group A) were similar to those of patients who had
major complications and underwent AT (group D) (Table 4).

Table 2 Postoperative outcomes

n or mean/median % or SD (IQR)

Overall complications 354 57.5%

Clavien-Dindo Classification ≥ 3 114 18.5%

B- and C-POPF 38 6.2%

DGE 81 13.1%

Biliary fistula 17 2.8%

Abscess 42 6.8%

Sepsis 40 6.5%

LOS (days) 7 6–9

Reoperation 20 3.2%

30-day mortality 14 2.3%

90-day mortality 21 3.4%

Size of the tumor 31 15

Readmission 116 18.8%

T ≥ 3 529 85.9%

Grade ≥ 3 520 84.4%

N+ 400 64.9%

Perineural invasion 525 85.2%

Lymphatic vascular invasion 348 56.5%

Margin involvement < 1 mm 203 33.0%

Receipt of adjuvant treatment 394 64.0%

Recurrence 383 62.2%

Median FU-time (months) 16 8–32

POPF postoperative pancreatic fistula, LOS length of hospital stay, FU
follow-up

Table 1 General characteristics of included population (n = 616)

n or mean % or SD

Gender F 319 51.8%

Age 68 12

Neoadjuvant treatment 227 36.9%

ASA score 3 or more 300 48.7%

Charlson Comorbidity Index

Risk class I (0) 6 61.0%

Risk class II (1, 2) 92 14.9%

Risk class III (3) 88 14.3%

Risk class IV (4–7) 79 12.8%

Risk class V (8–20) 343 55.7%

Operation

Pancreatoduodenectomy 503 81.7%

Distal pancreatectomy 113 18.3%

Operation time (min) 349 123

EBL > 700 mL 207 33.6%

Vascular resection 84 13.6%

Extended resection 19 3.1%

ASA American Anesthesiology Association score, EBL estimated blood
losses
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Fig. 1 The figure depicts Kaplan-Meyer analysis for overall survival
(OS) and disease-free survival (DFS) in patients who either experienced
or not major morbidity after pancreatoduodenectomy (A) or distal
pancreatectomy (B). A Median OS was 26 months (21.8–30.2) and
15 months (7.9–22.1), p = 0.007, in uncomplicated and complicated

patients, respectively. B Median DFS was 13 months (11.3–14.7) and
9 months (3.9–14.1), p = 0.240, in uncomplicated and complicated
patients, respectively. 90-day mortality was not considered for survival
analysis

Table 3 Univariate and multivariate analysis (adjusted for Charlson Comorbidity Index)

PD PD (n = 418) DP DP (n = 98)

Median survival
time (months)

p HR (95% CI) p Median survival
time (months)

p HR (95% CI) p

Neoadjuvant treatment – – – –

No 24 (18.6–29.7) 0.353 25 (12.4–37.6) 0.423
Yes 28 (22.4–33.6) 34 (23.9–34.1)

Vascular resection

No 26 (21.8–30.2) 0.026 29 (18.4–39.6) 0.623

Yes 16 (7.5–24.6) 1.21 (0.87–1.68) 0.251 – 0.50 (0.06–4.25) 0.525

Overall complications – – – –

No 27 (21.4–32.6) 0.176 33 (11.9–54.1) 0.218
Yes 25 (19.3–30.7) 25 (13.5–36.6)

Clavien-Dindo 3 or more

No 26 (21.8–30.2) 0.007 33 (18.6–47.4) 0.189

Yes 15 (8.2–21.8) 1.37 (1.01–1.86) 0.041 18 (4.8–31.2) 1.26 (0.58–2.75) 0.556

Size of the tumor

< 30 mm 30 (21.7–38.3) 0.001 88 (36.2–139.8) <0.001

30 mm or more 19 (13.9–24.1) 1.39 (1.08–1.78) 0.010 18 (13.7–22.3) 3.06 (1.56–6.00) 0.001

Nodal status

N0 41 (25.1–56.9) <0.001 46 (25.3–66.7) 0.001

N1 20 (15.6–24.4) 1.85 (1.37–2.50) < 0.001 18 (14.9–21.1) 2.06 (1.03–4.13) 0.041

Resection margins

> 1 mm 31 (25.3–36.7) <0.001 32 (22.1–41.9) 0.353

< 1 mm 18 (12.5–23.5) 1.41 (1.09–1.81) 0.008 25 (0.2–49.8) 0.97 (0.54–1.75) 0.928

Adjuvant treatment

No 15 (10.7–19.3) <0.001 25 (11.1–38.9) 0.435

Yes 28 (23.9–32.1) 1.86 (1.43–2.41) < 0.001 32 (16.5–47.5) 1.91 (1.02–3.61) 0.045
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Discussion

This retrospective analysis shows that major complications
after pancreaticoduodenectomy for pancreatic cancer have a
major impact on survival. Although a few of those patients die
in the immediate postoperative period as a consequence of the
complications, the impact of major complications is long-last-
ing, and in fact median survival is almost halved in these
patients (15 months vs. 26 months). Patients with major com-
plications are also less likely to receive adjuvant treatment
(43.9% vs. 68.5%); however, this consequence cannot entirely
explain the impact on long-term survival, since the effect is
independent of the receipt of adjuvant treatment at the multi-
variate model.

Our results are not consistent with a recent large retrospec-
tive analysis reported by Pugalenthi et al., which concluded
that there is no effect of complications on survival after PD for
cancer.20 It is important to highlight, however, that the authors
analyzed an old cohort (PD were performed on average
10 years previous than in our population), and did not provide
any information concerning the receipt of adjuvant treatment.

In patients undergoing surgery for pancreatic cancer, the best
expectation for long-term survival and cure is a combination of
margin-negative resection and systemic chemotherapy.24 Other
studies have found that occurrence of complications after sur-
gery for PC reduce the likelihood of receiving systemic treat-
ment and delay its onset, thus potentially explaining the detri-
mental effect of complications on survival.25,26 Similarly, we
noticed that the probability of receiving AT was significantly
lower after major complications and the interval between sur-
gery and the first dose of chemotherapywas amedian of 10 days
longer than in uncomplicated patients. However, our data sug-
gest that major complications also play an intrinsic role in af-
fecting overall survival. First, by multivariate analysis, we ob-
served an independent effect of severe morbidity on survival,
with a HR of 1.37, p = 0.041; second, despite being statistically
significant, the 10-day delay in initiating adjuvant treatment is
clinically meaningless; and finally, the rate of patients who
started treatment within 12 weeks did not vary between the
groups, which on a post-hoc analysis of the ESPAC3 trial co-
hort was the time-point below which no differences in out-
comes were shown.27

Fig. 2 Overall survival rates
according to the occurrence of
major complications and receipt
of adjuvant treatment

Table 4 Effect of both major morbidity and receipt of adjuvant treatment on overall survival after pancretoduodenectomy

Group Median OS (95% CI) 6-month OS (%) 1-year OS (%) 3-year OS (%) 5-year OS (%)

A. No adjuvant, CDC < 3 (n = 129) 20 (14.3–25.7) 80 65 33 23

B. No adjuvant, CDC ≥ 3 (n = 33) 12 (6.5–17.5) 76 47 27 8

C. Adjuvant, CDC < 3 (n = 246) 29 (24.5–33.5) 94 78 40 30

D. Adjuvant, CDC ≥ 3 (n = 42) 24 (16.2–31.8) 88 66 35 22

CDC Clavien-Dindo Classification
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A biological explanation of our results can rely in the intimate
relationship between inflammation and pancreatic cancer. Not
only can inflammation promote oncogenesis and cancer
development,28,29 but also inflammatory events are able to stim-
ulate cancer growth and dissemination.30,31 Uncomplicated sur-
gery represents per se an inflammatory stimulus, whose burden is
proportional to the invasiveness of the surgical procedure.32 In
addition, postoperative morbidity directly activates the systemic
inflammatory response (SIR), leading to secretion of oncogenic
cytokines and to immune-suppressive activity.33,34

This synergism between cancer-promoting and immune-
suppressive activity is a possible explanation for the poor out-
come observed in surgical cancer patients who experience post-
operative complications. In fact, overall survival has also been
found to be reduced in patients undergoing major surgical resec-
tions for esophageal, gastric, and liver cancer who had a postop-
erative course complicated by sepsis.35 Postoperative complica-
tions have also been associated with decreased long-term surviv-
al in patients undergoing curative surgery for colorectal and lung
cancer.36,37 In our analysis, patients in the Bcomplication/no
adjuvant therapy^ group had the worst survival, with a median
of 12 months, which is comparable with that of unresectable PC
patients undergoing palliative treatment with gemcitabine.38

Our study has some limitations. We did not observe the same
effect on survival after distal pancreatectomy. Although the me-
dian overall survival of patients with major complications was
lower (18 vs. 33 months), this was not statistically significant.
Even if it is not possible to exclude a priori that severe morbidity
does not affect survival after DP, the lack of significance could be
attributed to a type II error. Second, given the retrospective nature
of the study, we were not able to retrieve accurate information on
potential interruptions or suspensions of AT, since a large pro-
portion of patients had their adjuvant treatment elsewhere. Thus,
adjustment for such confounders could not be analyzed in this
study.

In conclusion, our findings suggest that major morbidity
not only negatively affects the likelihood of receiving adju-
vant treatment in pancreatic cancer, but has also an indepen-
dent harmful effect on the survival of those patients undergo-
ing pancreatoduodenectomy. This adds further emphasis to
the overarching goal of preventing major complications in
pancreatic surgery.
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