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Preoperative Chemoradiation for Pancreatic Adenocarcinoma
Does Not Increase 90-Day Postoperative Morbidity or Mortality
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Abstract
Background The impact of preoperative chemoradiation on postoperative morbidity and mortality of patients with pancreatic
adenocarcinoma remains controversial.
Methods Consecutive pancreatectomies for adenocarcinoma performed between 2011 and 2015 were prospectively monitored
for 90 days by using a previously reported surveillance system to determine the association between preoperative chemoradiation
and adverse events, pancreatic fistulae, readmissions, and mortality.
Results Among 209 consecutive patients who underwent pancreatectomy, 159 (76 %) experienced at least one adverse event
within 90 postoperative days. Patients who received preoperative chemoradiation (n = 137, 66 %) were more likely to have
borderline resectable/locally advanced tumors, to have received induction chemotherapy, and to require vascular resection at
pancreatectomy than those who did not receive chemoradiation (all P < 0.05). Nonetheless, there were no significant differences
in the rates of severe complications, readmission, or mortality between these groups (all P > 0.05). Among patients who
underwent pancreatoduodenectomy, the rate of pancreatic fistula was similar between those who received chemoradiation and
those who did not (P = 0.96). In contrast, those who received chemoradiation prior to distal pancreatectomy had a lower rate of
pancreatic fistula (P < 0.01).
Conclusion Preoperative chemoradiation is not associated with an increase in 90-day morbidity or mortality, and it may reduce
the rate of pancreatic fistula following distal pancreatectomy.
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Introduction

For patients with localized pancreatic ductal adenocarcinoma
(PDAC), chemoradiation directed at the primary tumor and
regional lymph nodes prior to pancreatectomy may enhance
the physician’s ability to select patients with the appropriate
physiology and tumor biology for major surgery, may sterilize
malignant adenopathy and oncologically critical surgical mar-
gins, may replace viable cancer cells within the primary tumor
with fibrotic tissue, and appears to improve local control rel-
ative to a therapeutic strategy that employs surgery first.1–3

Further, it may reduce tumor size or the extent of disease, there-
by expanding the number of patients with advanced disease
who are eligible for potentially curative surgery.4 For these
reasons, the administration of preoperative chemoradiation is
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increasingly recognized in national treatment guidelines and
consensus statements as an acceptable treatment alternative
for patients with resectable and borderline resectable PDAC.5–7

Multiple single-arm studies of preoperative chemoradiation
have demonstrated that it can be safely delivered to patients
with PDAC prior to surgery and that it does not prevent the
performance of subsequent pancreatectomy.8,9 Yet, utilization
of preoperative chemoradiation remains low in the USA, in
part because of persistent concerns that the retroperitoneal
fibrosis it induces may cause technical difficulties during sur-
gery and because its effects on wound healing may increase
the likelihood of postoperative adverse events (AEs).10–12

Indeed, the potential influence of radiation therapy on subse-
quent perioperative outcomes after proctectomy,13,14

esophagectomy,15,16 and mastectomy17 remains under active
investigation. For patients anticipated to undergo pancreatec-
tomy, several studies have suggested that the administration of
preoperative radiotherapy either alone or concurrent with sen-
sitizing doses of chemotherapy (e.g., chemoradiation—as is
typically administered to patients with PDAC) may be asso-
ciated with an increased rate of perioperative morbidity18,19

and mortality.11 Although two other studies have identified
similar rates of postoperative morbidity and mortality among
patients who received preoperative radiation and those who
did not,10,20 these studies had significant shortcomings includ-
ing the inclusion of small numbers of patients who received
preoperative radiation and short durations of follow-up. The
impact of preoperative chemoradiation on postoperative mor-
bidity and mortality therefore remains poorly characterized.

At the University of Texas MD Anderson Cancer Center,
patients diagnosed with PDAC are routinely treated with che-
moradiation prior to anticipated pancreatectomy. All patients
who undergo pancreatectomy are prospectively monitored for
AEs for at least 90 postoperative days by using a previously
reported surveillance system.21 Using data from these pa-
tients, we compared rates of 90-day adverse events and mor-
tality between patients who did and did not receive chemora-
diation prior to pancreatectomy to detect the potential influ-
ence of chemoradiation on postoperative morbidity.

Methods

Patient Population

The Institutional Review Board of the University of Texas
MD Anderson Cancer Center (MDACC) approved this study
of PDAC patients who underwent a pancreatoduodenectomy
(PD), distal pancreatectomy (DP), or total pancreatectomy
with or without prior chemoradiation. The institution’s pro-
spectively maintained translational pancreatic tumor database
was queried, and all patients who underwent pancreatectomy
from July 2011 through March 2015 were included.

Perioperative care was delivered in a consistent manner during
this contemporary period, and most operations were conduct-
ed by three pancreatic surgeons.

Data Collection

Clinical data were prospectively collected and maintained by
using standardized algorithms similar to those used in the
management of large national data sets.22 The following var-
iables were collected from the institution’s translational pan-
creatic database, which is managed by trained, full-time per-
sonnel. Preoperative variables included age, sex, body mass
index (BMI), diabetes mellitus and other comorbidities, radio-
graphic tumor stage, serum total bilirubin, serum albumin,
presence of absence of a biliary stent, and specifics about the
chemotherapy and radiotherapy received. Pre-existing comor-
bidities were categorized as 0 (none), 1 (mild), 2 (moderate),
or 3 (severe) by using the Adult Comorbidity Evaluation-27
index.23 Operative variables included the type of pancreatec-
tomy, vascular resection, operative time, and estimated blood
loss (EBL). We used the MDACC clinical staging system to
define potentially resectable, borderline resectable (BR), and
locally advanced (LA) PDAC.22

Preoperative Therapy

All management decisions were made by members of our
Pancreatic Tumor Study Group. Preoperative chemotherapy,
chemoradiation, or both sequentially—a strategy consistent
with our previously described bias—were generally favored
for all patients with PDAC; pancreatectomy was generally
offered de novo only to patients who were perceived to have
a favorable physiologic profile, a radiographically resectable
tumor, and a normal serum level of CA 19-9.24 In the patients
who received preoperative chemoradiation, two primary che-
moradiation regimens were used: hypofractionated external
beam radiotherapy (EBRT) (30 Gy/10 fractions delivered over
2 weeks) or standard EBRT (50.4 Gy/28 fractions delivered
over 5.5 weeks) with concurrent sensitizing doses of 5-fluo-
rouracil, capecitabine, or gemcitabine.3 Computed tomogra-
phy (CT)-based, three-dimensional conformal treatment plan-
ning was routinely used.8,9,25 The primary tumor,
pancreatoduodenal, portohepatic, superior mesenteric, and ce-
liac axis lymph nodes were typically included in the treatment
volume. Margins were 1 cm for microscopic extension, 5 mm
for cranial and caudal respiratory motion, and 5 mm for setup
error. To reduce duodenal toxicity, portohepatic nodes were
not treated in patients receiving standard EBRT if the likeli-
hood of resection was low. Systemic chemotherapy was ad-
ministered selectively; when systemic chemotherapy and che-
moradiation were sequentially administered prior to surgery,
induction chemotherapy was delivered prior to chemoradia-
tion. When necessary, biliary decompression was performed,
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typically with a metal endobiliary stent, prior to the adminis-
tration of any preoperative therapy.26

Surgical Procedures

Surgical resection was scheduled 6–8 weeks following com-
pletion of chemoradiation. In the patients who had undergone
PD, a classic or pylorus-preserving PD was performed, which
included a periadventitial dissection of the right lateral aspect
of the superior mesenteric artery and a lymphadenectomy of
lymphatic stations 8a/p, 12a2/b2/p2/c, 13a/b, 14a/b, and 17a/
b.1 Reconstruction was always performed with a
pancreaticojejunostomy. The type of reconstruction (duct to
mucosa or invagination) and the use of pancreatic duct stents
were left to the discretion of the operating surgeon. A DP and
splenectomy included a lymphadenectomy of stations 10, 11d,
11p, and 18. Vascular resection with reconstruction was per-
formed when the tumor was inseparable from the vena cava,
superior mesenteric vein/portal vein, hepatic artery, or celiac
trunk.27,28 When the tumor was adherent to adjacent viscera,
an en bloc resection was performed. An operative drain was
placed routinely; the amylase content of the effluent was mea-
sured after the patient was tolerating enteral nutrition and was
removed in the absence of evidence for a postoperative pan-
creatic fistula (POPF). Somatostatin analogs were not used
routinely for POPF prophylaxis.

Adverse Event Reporting

A previously reported, standardized surveillance program was
used to detect, grade, and report all perioperative AEs.21 A
single trained nurse practitioner actively monitored all patients
for at least 90 days following pancreatectomy. All
predetermined clinical data needed for accurate severity grad-
ing were entered into prospectively developed electronic
worksheets. All new and existing AEs and associated
supporting documentation were audited with the attending
surgeon (M.H.G.K.) in real time on a weekly basis; AEs were
categorized, validated, graded for severity, and reported for
peer review by using the modified Accordion severity grading
system. In addition, the severity of delayed gastric emptying
(DGE), post-pancreatectomy hemorrhage (PPH), and POPF
were graded according to the International Study Group
definitions/classifications by using calculators published on-
l ine by the Pancreas Club (ht tp : / /pancreasc lub.
com/calculators/).29–31 All AEs that occurred after discharge
from the index admission were rigorously compiled by
actively monitoring follow-up clinics and by calling each pa-
tient, including a mandatory communication 6–8 weeks after
the date of discharge. Subsequent communication with the
patient was carried out during an evolving AE.

Statistical Analysis

We compared clinicopathological variables associated with
patients who received preoperative chemoradiation and those
who did not. Subgroup analyses were performed for patients
who underwent PD and DP. To compare variables between
cohorts, we used a Mann-Whitney test for quantitative data
and a chi-squared or Fisher exact test for categorical data. To
evaluate the potential association between chemoradiation and
postoperative outcomes, we constructed a logistic regression
model. All of the variables listed above were included in the
model; variables with a P value <0.15 on univariate analysis
were incorporated into the final multivariate model, and a P
value <0.05 was considered statistically significant. All statis-
tical analysis was performed by using SPSS, version 23 (IBM,
Armonk, NY).

Results

Patient, Preoperative, and Operative Characteristics

Two-hundred and nine patients underwent a pancreatectomy
for PDAC during the study period; 137 (66 %) received che-
moradiation prior to surgery and 72 (34 %) did not. Among
patients who received chemoradiation, 97 (71 %) received an
EBRT dose of 50.4 Gy and 35 (26 %) received 30 Gy
(Table 1). Compared to patients who did not receive preoper-
ative chemoradiation, patients who received this treatment
were more commonly male, had BR or LA cancers, and had
received preoperative systemic chemotherapy (all P < 0.05).
They were also more likely to require vascular resection, and
their operations were longer and associated with a higher me-
dian EBL (all P < 0.05).

Postoperative Morbidity and Mortality

One hundred and fifty-nine (76 %) patients experienced at
least one AE within 90 postoperative days (Table 2). The rates
of all AEs, severe AE (grade 3–5 complications), DGE, PPH,
intra-abdominal abscess (IAA), and wound infection among
patients who received chemoradiation preoperatively were
similar to those who did not (all P > 0.05). However, patients
who did receive chemoradiation were less likely to develop a
POPF (P < 0.02 for all grades; P < 0.05 for grade B/C). The
median length of stay (LOS) (10 days) and 90-day readmis-
sion rate (22 %) were no different between the groups. There
were no deaths within 90 days of surgery. Furthermore, there
was no difference in the rate of overall complications
(P = 0.37), severe complications (P = 0.72), or POPF
(P = 0.95) between patients who received 30 and 50 Gy of
EBRT (data not shown).
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Operative Subgroups

Clinicopathologic details of patients who underwent PD and
DP are presented in Tables 3 and 4, respectively. Preoperative

chemoradiation was administered to 109 patients (67 %) who
underwent PD and 25 patients (60 %) who underwent DP. In
both subgroups, patients who received chemoradiation were
more likely to have BR or LA cancers and to have received

Table 1 Patient, preoperative,
and operative characteristics for
the entire cohort (N = 209)

Characteristics Total N = 209 Chemoradiation
N = 137

No chemoradiation
N = 72

P value

Baseline profile, N (%)

Age, median (rangea) 63 (56–70) 63 (57–70) 63 (55–69) 0.480

Male sex 116 (56) 84 (61) 32 (44) 0.02

BMI, median (rangea) 25.8 (23.4–29.6) 25.7 (23.7–29.7) 26.2 (23.4–29.2) 0.857

Diabetes 54 (26) 38 (28) 16 (22) 0.371

Comorbidity 0.196
None 51 (25) 35 (26) 16 (22)

Mild 78 (38) 54 (40) 24 (33)

Moderate 51 (25) 27 (20) 24 (33)

Severe 28 (14) 20 (15) 8 (11)

Radiographic stage <0.001
Resectable 139 (67) 72 (53) 67 (93)

Borderline resectable 55 (26) 51 (37) 4 (6)

Locally advanced 15 (7) 14 (10) 1 (1)

Total bilirubin >1 mg/dl 30 (14) 6 (4) 24 (34) <0.001

Albumin <3.5 g/dl 16 (8) 12 (9) 4 (6) 0.552

Preoperative treatment, N (%)

Preoperative biliary stent 134 (64) 93 (68) 41 (57) 0.117

Induction chemotherapy 103 (49) 83 (61) 20 (28) <0.001
FOLFIRINOX 60 (29) 52 (38) 8 (11)

Gemcitabine/cisplatin 20 (10) 15 (11) 5 (7)

Gemcitabine/nab-paclitaxel 6 (3) 4 (3) 2 (3)

Gemcitabine alone 10 (5) 7 (5) 3 (4)

Other 7 (3) 5 (4) 2 (3)

Radiation dose 137 (66) 137 (100) 0 n/a
50.4 Gy 97 (46) 97 (71) 0

30 Gy 35 (17) 35 (26) 0

Other 2 (1) 2 (1) 0

Unknown 3 (1) 3 (2) 0

Operative variables, N (%)

Procedure 0.605

Pancreatoduodenectomy 162 (78) 109 (80) 53 (74)
Distal pancreatectomy 42 (20) 25 (18) 17 (24)

Total pancreatectomy 4 (2) 2 (2) 2 (3)

Vascular resection 97 (46) 74 (54) 23 (32) 0.002
Venous 69 (33) 49 (36) 20 (28)

Arterial 7 (3) 6 (4) 1 (1)

Venous and arterial 21 (10) 19 (14) 2 (3)

Operative time, min; median
(rangea)

466 (386–554) 485 (395–575) 436 (333–500) 0.004

Estimated blood loss, ml; median
(rangea)

500 (300–800) 600 (350–900) 400 (231–637) <0.001

Bold P value indicates a P value < 0.05

BMI body mass index
aQuartiles (25–75 %)
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systemic chemotherapy than those who did not (P < 0.05).
Moreover, at pancreatectomy, patients who received chemora-
diation required vascular resection more frequently, had longer
median operative times, and had higher median estimated
blood loss (all P < 0.05). In both groups, no difference was
observed in the rates of AEs, severe AEs, DGE, PPH, IAA,
wound infection, LOS, or 90-day readmission between pa-
tients who did or did not receive preoperative chemoradiation
(all P < 0.05). However, patients who received chemoradiation
prior to DP had a lower overall rate of POPF (P < 0.001) and
grade B/C POPF (P = 0.01) than patients who did not.

Multivariate Analysis

In a multivariate linear regression analysis of clinical vari-
ables, preoperative chemoradiation was not independently as-
sociated with the rates of AEs, severe AEs, POPF, or 90-day
readmission (data not shown). PD and total pancreatectomy
were associated with an increased risk of any AE within
90 days compared with DP (hazard ratio = 2.48, P = 0.04).
Moderate/severe comorbidity was associated with an in-
creased rate of POPF compared with less severe comorbidity
(hazard ratio = 2.67, P = 0.04). No variables were indepen-
dently associated with severe AEs or 90-day readmission.

Discussion

In this study, patients who received chemoradiation prior to
pancreatectomy had a similar incidence of postoperative AEs,
severe AEs, hospital readmissions, andmortality within 90 days
as patients who did not. These data suggest that avoiding

preoperative irradiation of the surgical field due to fears of post-
operative complications is not justified. Our results, combined
with existing evidence that preoperative chemoradiation may
sterilize regional lymph nodes and soft tissue margins, improve
rates of histopathologic response, improve local control follow-
ing pancreatectomy, and support the use of chemoradiation pri-
or to pancreatectomy in selected patients with PDAC.1–3

Because of our detailed AE surveillance system, the AEs
described here include relatively minor—but nonetheless clin-
ically significant—events that might have been missed had
data for this analysis come from a retrospective examination
of standard clinical documentation. Further, our AE reporting
system included AEs that occurred later than 30 days follow-
ing surgery, which account for up to one third of all postoper-
ative morbidities. These events are not captured by many
analyses, including those utilizing data from the National
Surgical Quali ty Improvement Program (NSQIP)
database.21,32 Therefore, this study accurately characterizes
the significant postoperative morbidity that can be expected
following pancreatectomy, whether or not it is preceded by
chemoradiation.

In this study, we found similar rates of perioperative
morbidity among patients who received chemoradiation
prior to pancreatectomy and those who did not. Several
prior studies contradict these findings and suggest that pre-
operative chemoradiation may lead to adverse events or
even death following surgery.11,18,19 Our findings do sup-
port the conclusions of two other studies, but they have
important shortcomings. Specifically, although no differ-
ence in 30-day morbidity was noted between patients
who did and did not receive preoperative radiation in a
recent retrospective analysis of the NSQIP pancreas-

Table 2 Postoperative morbidity
and mortality for the entire cohort
(N = 209)

Outcomes, N (%) Total N = 209 Chemoradiation N = 137 No chemoradiation N = 72 P value

Any AE 159 (76) 109 (80) 50 (69) 0.103

Severe AE 46 (22) 31 (23) 15 (21) 0.766

DGE 66 (32) 44 (32) 22 (31) 0.818

DGE grade B/C 30 (14) 21 (15) 9 (13) 0.579

POPF 25 (12) 11 (8) 14 (19) 0.016

POPF grade B/C 18 (9) 8 (6) 10 (14) 0.049

PPH 16 (8) 10 (7) 6 (8) 0.789

PPH grade B/C 13 (6) 8 (6) 5 (7) 0.753

IAA 11 (5) 6 (4) 5 (7) 0.437

Wound infection 38 (18) 29 (21) 9 (13) 0.123

LOS (mediana) 10 (8–12) 10 (8–12) 9 (8–12) 0.620

90-Day readmission 45 (22) 29 (21) 16 (22) 0.860

90-Day mortality 0 0 0 n/a

Bold P value indicates a P value < 0.05

AE adverse event, DGE delayed gastric emptying, POPF postoperative pancreatic fistula, PPH post-
pancreatectomy hemorrhage, IAA intra-abdominal abscess, LOS length of stay
a Quartiles (25–75 %)
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specific database conducted by Cooper et al., only a small
fraction—100 (6.4 %) of the 1562 patients analyzed in the
study—received preoperative radiation of any type.10 And,
although a prospective, multiinstitutional, European trial
that randomized patients with resectable PDAC either to
pancreatectomy alone or to EBRT with concurrent

gemcitabine and cisplatin followed by pancreatectomy
did not detect a difference in AEs between the two treat-
ment arms, that study was powered to detect overall sur-
vival, not morbidity. More importantly, the study was
closed to accrual well in advance of meeting its accrual
target—only 66 evaluable of 254 planned patients enrolled

Table 3 Patient, preoperative,
and operative characteristics and
postoperative morbidity and
mortality for patients who
underwent
pancreatoduodenectomy

Pancreatoduodenectomy
characteristics

Total n = 162 Chemoradiation
n = 109

No chemoradiation
n = 53

P value

Baseline profile, N (%)
Age, median (rangea) 64 (55–70) 64 (57–70) 64 (55–69) 0.751
Male sex 96 (59) 68 (62) 28 (53) 0.246
BMI, median (rangea) 26.2 (23.4–30.0) 25.7 (23.6–30.1) 27.4 (23.4–29.8) 0.932
Diabetes 41 (26) 31 (29) 10 (19) 0.178
Comorbidity 0.687
None 42 (26) 28 (26) 14 (26)
Mild 61 (38) 43 (40) 18 (34)
Moderate 37 (23) 22 (20) 15 (28)
Severe 21 (13) 15 (14) 6 (11)

Radiographic stage <0.001
Resectable 108 (67) 58 (53) 50 (94)
Borderline resectable 48 (30) 45 (41) 3 (6)
Locally advanced 6 (4) 6 (6) 0

Total bilirubin >1 mg/dl 29 (18) 5 (5) 24 (45) <0.001
Albumin <3.5 g/dl 16 (10) 12 (11) 4 (8) 0.488

Preoperative treatment, N (%)
Preoperative biliary stent 133 (82) 92 (84) 41 (77) 0.272
Induction chemotherapy 81 (50) 65 (60) 16 (30) <0.001
FOLFIRINOX 47 (29) 40 (37) 7 (12)
Gemcitabine/cisplatin 16 (10) 12 (11) 4 (8)
Gemcitabine/nab-paclitaxel 6 (4) 4 (4) 2 (4)
Gemcitabine alone 7 (4) 5 (5) 2 (4)
Other 5 (3) 4 (4) 1 (2)

Radiation 109 (67) 109 (100) 0 n/a
50.4 Gy 77 (48) 77 (71) 0
30 Gy 29 (18) 29 (27) 0
Other 1 (1) 1 (1) 0
Unknown 2 (1) 2 (2) 0

Operative variables, N (%)
Vascular resection 82 (51) 61 (56) 21 (40) 0.051
Venous 60 (37) 19 (17) 19 (36)
Arterial 4 (2) 1 (1) 1 (2)
Venous and arterial 18 (11) 1 (1) 1 (2)

Operative time, min; median (rangea) 496 (433–569) 509 (443–592) 469 (414–522) 0.012
Estimated blood loss, ml; median
(rangea)

550 (350–800) 600 (400–903) 400 (275–560) <0.001

Outcomes, N (%)
Any AE 129 (80) 81 (84) 38 (72) 0.080
Severe AE 36 (22) 26 (24) 10 (19) 0.474
DGE 58 (36) 38 (35) 20 (38) 0.720
DGE grade B/C 29 (18) 20 (18) 9 (17) 0.831
POPF 12 (7) 8 (7) 4 (8) 0.962
POPF grade B/C 9 (6) 6 (6) 3 (6) 0.968
PPH 11 (7) 7 (6) 4 (8) 0.789
PPH grade B/C 9 (6) 6 (6) 3 (6) 0.968
IAA 11 (7) 6 (6) 5 (9) 0.359
Wound infection 36 (22) 28 (26) 8 (15) 0.128
LOS (mediana) 10 (8–12) 10 (9–12) 10 (8–14) 0.867
90-Day readmission 32 (20) 24 (22) 8 (15) 0.299
90-Day mortality 0 0 0 n/a

Bold P value indicates a P value < 0.05

BMI body mass index, AE adverse event, DGE delayed gastric emptying, POPF postoperative pancreatic fistula,
PPH post-pancreatectomy hemorrhage, IAA intra-abdominal abscess, LOS length of stay
a Quartiles (25–75 %)
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prior to termination, among whom only 29 received
chemoradiation.33 Our study therefore provides additional,
important, and timely support for the safety of preoperative
chemoradiation, particularly as recent national guidelines

assert that preoperative therapy represents an acceptable
approach for at least some patients with localized PDAC.6

The fact that we could detect no increase in morbidity in
association with preoperative chemoradiation is particularly

Table 4 Patient, preoperative,
and operative characteristics and
postoperative morbidity and
mortality for patients who
underwent distal pancreatectomy

Distal pancreatectomy characteristics Total n = 42 Chemoradiation
n = 25

No chemoradiation
n = 17

P value

Baseline profile, N (%)
Age, median (rangea) 64 (59–70) 64 (59–73) 63 (58–68) 0.412
Male sex 18 (43) 15 (60) 3 (18) 0.006
BMI, median (rangea) 25.6 (23.4–28.9) 26.1 (23.9–29.7) 25.1 (21.4–29.9) 0.530
Diabetes 11 (26) 6 (24) 5 (29) 0.695
Comorbidity 0.058
None 6 (14) 5 (20) 1 (6)
Mild 17 (41) 11 (44) 6 (35)
Moderate 13 (31) 4 (16) 9 (53)
Severe 6 (14) 5 (20) 1 (6)

Radiographic stage 0.007
Resectable 28 (67) 12 (48) 16 (94)
Borderline resectable 6 (14) 6 (24) 0
Locally advanced 8 (19) 7 (28) 1 (6)

Total bilirubin >1 mg/dl 1 (2) 1 (4) 0 0.418
Albumin <3.5 g/dl 0 0 0 n/a

Preoperative treatment, N (%)
Preoperative biliary stent 0 0 0 n/a
Induction chemotherapy 18 (43) 16 (64) 2 (12) <0.001
FOLFIRINOX 12 (29) 11 (44) 1 (6)
Gemcitabine/cisplatin 3 (7) 3 (12) 0
Gemcitabine/nab-paclitaxel 0 0 0
Gemcitabine alone 2 (5) 1 (4) 1 (6)
Other 1 (2) 1 (4) 0

Radiation dose 25 (60) 25 (100) 0 n/a
50.4 Gy 19 (45) 19 (76) 0
30 Gy 4 (10) 4 (16) 0
Other 1 (2) 1 (4) 0
Unknown 1 (2) 1 (4) 0

Operative variables, N (%)
Vascular resection 12 (29 %) 11 (44 %) 1 (6 %) 0.007
Venous 6 (14) 6 (24) 0
Arterial 3 (7) 3 (12) 0
Venous and arterial 3 (7) 2 (8) 1 (6)

Operative time, min; median (rangea) 274 (209–343) 295 (212–361) 233 (203–304) 0.131
Estimated blood loss, ml; median
(rangea)

288 (194–750) 300 (250–800) 200 (125–500) 0.040

Outcomes, N (%)
Any AE 27 (64 %) 16 (64 %) 11 (65 %) 0.963
Severe AE 7 (17) 3 (12) 4 (24) 0.325
DGE 7 (17) 6 (24) 1 (6) 0.122
DGE grade B/C 1 (2) 1 (4) 0 0.404
POPF 13 (31) 3 (12) 10 (59) <0.001
POPF grade B/C 9 (21) 2 (8) 7 (41) 0.010
PPH 3 (7) 2 (8) 1 (6) 0.794
PPH grade B/C 3 (7) 2 (8) 1 (6) 0.794
IAA 0 0 0 n/a
Wound infection 1 (2) 0 1 (6) 0.220
LOS (mediana) 7 (5–9) 7 (6–11) 6 (5–9) 0.568
90-Day readmission 11 (26) 4 (16) 7 (41) 0.069
90-Day mortality 0 0 0 n/a

Bold P value indicates a P value < 0.05

BMI body mass index, AE adverse event, DGE delayed gastric emptying, POPF postoperative pancreatic fistula,
PPH post-pancreatectomy hemorrhage, IAA intra-abdominal abscess, LOS length of stay
a Quartiles (25–75 %)
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noteworthy because patients who received chemoradiation
presented with relatively anatomically advanced (BR or LA)
tumors that requiredmore complex operations to remove (e.g.,
an increased rate of vascular resection). It is possible that the
additional time prior to surgery for patients who underwent
chemoradiotherapy is one factor underlying this apparent dis-
crepancy. At the University of Texas MD Anderson Cancer
Center, we use the period prior to surgery not only to deliver
chemotherapy and/or chemoradiation but also to optimize
each patient’s physiologic profile, nutritional status, and treat-
ment for comorbidities. Indeed, patients regularly undergo
aggressive optimization of their physiologic and nutritional
status under the direction of nutritionists and rehabilitation
physicians, a process now undergoing formal evaluation as
part of a clinical trial.34 The consequent selection of relatively
robust patients who may be particularly tolerant of surgery’s
physiologic insults may favorably impact the rate of postop-
erative morbidity following preoperative therapy.

The fact that the rates of morbidity were similar between
groups despite the difference in themagnitude of their associated
operationsmay be further explained by the effect of preoperative
chemoradiation on POPF development.35 Patients who develop
a POPF are at risk for postoperative infection, hemorrhage, or-
gan failure, readmission, and death.36–41 In our study—and in
others—patients who received preoperative chemoradiation had
lower rates of both overall POPF and grade B/C POPF than
patients who did not, a finding likely attributed to both glandular
fibrosis and a decrease in exocrine secretion observed in re-
sponse to radiotherapy.10,35,42 On subgroup analysis, a differ-
ence in the rate of POPF was only observed among patients
who underwent DP—not PD. It is quite possible, however, that
the absence of a demonstrated protective effect following PD
may reflect a type II error related to a low event rate—all patients
had the diagnosis of PDAC, and their glands presumably had a
dilated pancreatic duct and firm texture. These clinical features
would translate into a negligible or low risk of a POPF following
PD, irrespective of prior irradiation.43

Although there does not appear to be any association be-
tween preoperative chemoradiation and postoperative AEs,
many clinicodemographic factors predict morbidity following
pancreatectomy. For example, in a randomized, controlled trial
comparing pancreaticojejunostomy to pancreaticogastrostomy
during PD, Figueras et al.44 found that older age, estimated
blood loss >650 ml, POPF, and pancreatic duct size ≤3 mm
were associated with severe postoperative complications. In a
retrospective review, Baker et al.45 reported that a low BMI,
chronic obstructive pulmonary disease, congestive heart failure,
neoadjuvant therapy, pylorus preservation, operative time >8 h,
and EBL >1.5 L were all associated with grade III–V compli-
cations following PD. Using the NSQIP pancreas-specific data-
base, Cooper et al.10 found that older age, lower serum albumin
levels, African American race, obesity, chronic obstructive pul-
monary disease, biliary stent, vascular resection, soft or

unknown gland texture, and total pancreatectomy were associ-
atedwith postoperative complications. FollowingDP, predictors
of morbidity are similar. In an analysis of the NSQIP database,
Kelly et al.46 found that male sex, obesity, neurologic disorders,
chronic steroid use, preoperative sepsis, hypoalbuminemia, ele-
vated creatinine, and thrombocytosis predicted 30-day morbid-
ity, and that esophageal varices, neurologic disorders, partially
or totally dependent functional status, and high alkaline phos-
phatase and BUN levels predicted 30-day mortality. In the pres-
ent study, resection of the pancreatic head with PD or total
pancreatectomy was the only factor independently associated
with postoperative AEs, and a moderate/severe comorbidity
profile was the only factor independently associated with POPF.

Two points regarding the administration of preoperative
chemoradiation to patients in this study should be emphasized.
First, our center has held a well-reported bias toward this treat-
ment strategy for the past two decades, and we routinely de-
liver chemoradiation to patients with localized cancer both on
and off protocol. Indeed, 137 (66 %) of the 209 patients who
underwent pancreatectomy for PDAC received preoperative
chemoradiation. In contrast, only 100 (6.4 %) of 1562 patients
treated at 43 different hospitals and reported in the NSQIP
pancreas-specific database received this treatment.10 Whether
the results achieved at MDACC are reproducible in centers
with surgeons less experienced in operating following irradia-
tion of the surgical field is unclear. Second, all patients in this
study who received chemoradiation did so as the last step of a
defined, multidisciplinary treatment program, and all of them
underwent a comprehensive staging evaluation 6–8 weeks
thereafter in anticipation of pancreatectomy. Given that the
administration of preoperative chemoradiation to patients with
resectable PDAC remains uncommon nationwide, prior stud-
ies that evaluated AEs secondary to chemoradiation followed
by pancreatectomy likely included patients with cancers that
were initially deemed unresectable, who were treated with pal-
liative intent, and who were subsequently evaluated by a sur-
geon following a prolonged (and probably unexpected)
progression-free interval. To the extent that radiation-induced
fibrosis increases over time,2,47 such operations might be asso-
ciated with increased technical difficulties and possibly AEs.

Our study has additional limitations, foremost among them
being its single institution, retrospective design. However, all
data concerning AEs were collected prospectively by using
the standardized protocol described. Second, patients in this
analysis received one of only two primary chemoradiation
strategies. Several novel approaches, such as stereotactic body
radiation therapy (SBRT), have been developed, and experi-
ence with these techniques is increasing.48,49 Whether or not
these new strategies would be associated with similar results is
unclear. Next, several different regimens of neoadjuvant che-
motherapy were used in this cohort of patients, which could
potentially introduce bias. However, all patients were treated
by using standardized, contemporary perioperative algorithms
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by a consistent team of surgeons, and overall, the analysis
herein of the effects of preoperative adverse events on postop-
erative outcomes represents the largest and most robust to
date. Finally, because our goal was to evaluate perioperative
morbidity and mortality, we actively surveyed complications
only in the postoperative period. AEs that occurred during che-
moradiation were not captured, although we have previously
described that these regimens are well-tolerated in prospective
clinical trials and that AEs that occur during chemoradiation
administration do not prevent subsequent pancreatectomy.8,9,50

Conclusion

In conclusion, the fear of increasing postoperative complications
with the administration of preoperative chemoradiation appears
unfounded. Rates of 90-day postoperative morbidity and mor-
tality in this study were similar between groups of patients who
did and did not receive chemoradiation prior to pancreatectomy,
even though patients who received chemoradiation were more
likely to have BR or LA tumors, which required more extensive
operations to remove. Preoperative chemoradiation also appears
to reduce the rate of POPF following DP.
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