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Background: We sought to examine the impact of neoadjuvant chemotherapy (NCT), single agent or
multiagent chemotherapy, and neoadjuvant chemoradiation (NCRT) on survival in pancreatic cancer.
Methods: Utilizing the National Cancer Database, we identified patients who underwent pancreatic
resection for adenocarcinoma (2006 to 2013). Overall survival (OS) analysis was performed using the Kaplan-
Meier method. Multivariable cox proportional hazard models (MVA) and propensity score matching (PSM)
were developed to identify predictors of survival. For upfront surgery (UFS), OS was limited to receipt of
adjuvant treatment.

Results: We identified 26,563 patients who underwent pancreatic resection: UFS =23,877, NCRT =1,482,
and NCT =1,204. Multagent chemotherapy was utilized in 77% of NCT and 42% of NCRT. There was
improved RO resections associated with neoadjuvant therapy compared to UFS, however, there was no
difference between NCT and NCRT. In addition, the was improved RO with MA-NCT (P<0.001) but not
for single agent NCT (P=0.26). After PSM, the median OS for UFS, SA-NCT, MA-NCT, SA-NCRT,
and MA-NCRT was 21.9, 21.5, 29.8, 25.3, and 25.8 months in all patients (P=0.001), and 23.6, 23.9, 31.6,
25.9, and 26.6 months in RO patients (P=0.03), respectively. There was no difference in OS in patients with
R1/2 resection. MVA after PSM demonstrated that only MA-NCT was associated with decreased mortality
while increasing age, higher Charlson-Deyo index, N1, higher grade, tumor size, and positive margins were
associated with higher mortality.

Conclusions: There was improved OS associated with MA-NCT in pancreatic cancer patients compared
to UFS with adjuvant therapy.
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Introduction resection is 25% (2-4). At diagnosis, approximately 26%

of pancreatic cancer is deemed resectable, and at the time

Pancreatic cancer is the 4th leading cause of cancer death of operation, it has been reported that 28% of resectable
in the United States with 55,440 new diagnoses and 44,330 patients will actually have R1 resection after histological

deaths estimated for 2018 (1). Survival continues to remain examination (5,6) and approximately 38% of patients will

poor with the 5-year survival in patients undergoing an R0 have recurrence most commonly as distant metastases
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suggesting possible unidentified micrometastasis (7,8). The
current recommendation by the National Comprehensive
Cancer Network (NCCN) for resectable and borderline
resectable pancreatic cancer is to do definitive surgery
followed by adjuvant therapy (9). Adjuvant therapy has
been shown to increase 5-year survival even further to
28-37% (3,4,10). Unfortunately, not all resected patients
will end up receiving adjuvant therapy due to postoperative
complications (11,12).

Neoadjuvant therapy has the potential to improve RO
resection, allow early therapy for micrometastases. In addition,
this will potentially allow metastatic pancreatic cancer to
declare itself and improve patient selection for improved
surgical outcomes. Studies have already demonstrated the
safety of neoadjuvant therapy in resectable and borderline
resectable pancreatic cancer with no increase in short-
term post-operative complications (13,14). The addition of
neoadjuvant therapy has been shown to improve survival
in borderline resectable and locally advanced pancreatic
cancer but there is minimal evidence to suggest its use in
resectable pancreatic cancer (15-17). Our study’s purpose is
to demonstrate the utilization of neoadjuvant CRT and CT
as beneficial for patients diagnosed with resectable pancreatic
cancer with the goal of improving overall survival (OS).

Methods
Patients

The National Cancer Database (NCDB) is a dataset
maintained by the American College of Surgeons and
the American Cancer Society and collects patient data
from >1,500 centers across the United States. Our patient
population was obtained from the Pancreatic Participant
Use Data File (PUF). Data represents more than 70% of
newly diagnosed cancer cases nationwide. PUF’s are entirely
de-identified data files available to selected investigators at
CoC-approved institutions for the advancement of patient
care. After obtaining approval from the Sarasota Memorial
Hospital institutional review board, we queried the NCDB
for patients with a diagnosis of pancreatic adenocarcinoma
who underwent surgery between 2004 and 2013. Patients
were stratified as: upfront (UFS), neoadjuvant chemotherapy
only (NCT), or neoadjuvant chemoradiation (NCRT).

Statistics

Baseline univariate comparisons of patient characteristics
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between the upfront surgery (UFS) patients, NCT patients,
and chemoradiation patients were made for continuous
variables using the Mann-Whitney U and Kruskal Wallis
tests as appropriate. Pearson’s Chi-square test and Fisher’s
exact test was used to compare categorical variables when
appropriate. OS was defined from the time of diagnosis
to death or last contact. Survival time was censored for
patients alive at the end of the study period. Kaplan-
Meier survival analysis was used to generate OS curves and
estimate median survival with 95% ClIs for each group.
Survival distributions were compared across groups using
the log-rank test.

Multivariable Cox proportional hazard models were
developed comparing treatment methods (UFS, NCT,
neoadjuvant chemoradiation). Predictors of long-term
survival included in the models were age, sex, pathologic
T-stage, pathologic N-stage, tumor grade, tumor size,
lymph nodes harvested, number of lymph of positive lymph
nodes, surgical margins, institution volume, adjuvant
therapy and use of induction therapy. Facility volume was
calculated as the total number of cases within a facility for a
given year.

To correct for baseline differences among treatment
groups, propensity score matching (PSM) was used to match
for age, tumor size, and facility volume. Matching occurred
on a 1:1 basis and only exact matches were allowed. PSM
creates treatment groups in a way that approximates the
effect of randomization, and therefore partially removes
the bias that typically accompanies treatment assignment
in nonrandomized studies. All statistical tests were two-
sided and o (type I) error <0.05 was considered statistically
significant. Statistical analysis was performed using SPSS®
version 23.0 (IBM®, Chicago, IL, USA). This study was
approved as exempt by the Institutional Review Board.

Results

We identified 26,653 patients from the NCDB who
underwent resection for pancreatic cancer of which
1,204 (4.5%) underwent NCT, 1,482 (5.6%) underwent
neoadjuvant chemoradiation (NCRT) and 23,877 (90%)
underwent UFS (7able 1). Significant differences were
noted for age, Charlson-Deyo index, tumor size, lymph
nodes removed, lymph nodes positive, pathologic T and
N stage, grade, 30 and 90-day mortality, surgical margins,
facility volume, and adjuvant therapy. The complete
response rates were 1.7% for NCT and 3.1% for NCRT
(P<0.001). We used propensity score matched (PSM)

7 Gastrointest Oncol 2019;10(4):663-673 | http://dx.doi.org/10.21037/jg0.2019.02.09



Journal of Gastrointestinal Oncology, Vol 10, No 4 August 2019 665

Table 1 Patient characteristics

Non-PSM, n (%) PSM, n (%)
Variable Neoadjuvant Neoadjuvant UFS Neoadjuvant UFS
chemo chemo/rad (n=23.877) P therapy (n=1,533) P
(n=1,204) (n=1,482) (n=1,533)

Median age (years), [range] 64 [31-88] 64 [25-90] 67 [18-90]  <0.001 64 [26-90] 64 [26-90] 1

Gender 0.71 0.59
Male 620 (51.5) 780 (52.6) 12,304 (51.5) 802 (52.3) 787 (51.3)

Female 584 (48.5) 702 (47.4) 11,573 (48.5) 731 (47.7) 746 (48.7)

Charlson/Deyo 0.008 0.61
0 852 (70.8) 999 (67.4) 15,918 (66.7) 1,021 (66.6) 1,036 (67.6)

1 293 (24.3) 389 (26.2) 6,249 (26.2) 422 (27.5) 419 (27.3)
2 59 (4.9) 94 (6.3) 1,710 (7.2) 90 (5.9) 78 (5.1)

Tumor length, cm
Median tumor length, cm (IQR) 3.2(2.5-4.00 3.0(2.5-4.00 3.0(2.4-4.00 0.02 3.0(2.5-4.0) 3.0(2.5-4.00 0.67
<2 179 (14.9) 210 (14.2) 4,140(17.3) 0.003 239 (15.6) 239 (15.6) 1
>2 956 (79.4) 1,180 (79.6) 18,728 (78.4) 1,294 (84.4) 1,294 (84.4)

Median lymph nodes removed [range] 17 [0-69] 12 [0-68] 14[0-90] <0.001 15 [0-69] 15 [0-63] 0.001

Median lymph nodes positive [range] 1[0-24] 0[0-14] 2 [0-60] <0.001 1[0-24] 2 [0-27] <0.001

Path T stage <0.001 <0.001
TO-2 254 (21.1) 437 (29.5) 5,002 (20.9) 404 (26.4) 294 (19.2)

T3 777 (64.5) 751 (50.7) 16,768 (70.2) 1,074 (70.1) 1,202 (78.4)
T4 31 (2.6) 46 (3.1) 613 (2.6) 55 (3.6) 37 (2.4)

Path N stage <0.001 <0.001
NO 431 (35.8) 802 (54.1) 7,074 (29.6) 762 (49.7) 429 (28.0)

N1 634 (52.7) 440 (29.7) 15,135 (63.4) 771 (50.3) 1,104 (72.0)

Grade <0.001 0.07
Low (well) 93 (7.7) 130 (8.8) 2,176 (9.1) 186 (12.1) 155 (10.1)
Intermediate (mod) 451 (37.5) 503 (33.9) 11,009 (46.1) 824 (53.8) 806 (52.6)

High (poor) 299 (24.8) 321(21.7) 8,358 (35.0) 523 (34.1) 572 (37.3)

30-day mortality 15(1.2) 30 (2.0 861 (3.6) <0.001 25 (1.6) 53 (3.4) 0.006

90-day mortality 42 (3.5) 93 (6.3) 1,656 (6.9) 0.003 68 (4.4) 82 (5.3) 0.6

Surgical margins <0.001 <0.001
Negative 910 (75.6) 1,127 (76.0) 17,521 (73.4) 1,239 (80.8) 1,141 (74.4)
Microscopic 216 (17.9) 231 (15.6) 5,255 (22.0) 291 (19.0) 371 (24.2)
Macroscopic 5(0.4) 9 (0.6) 265 (1.1) 3(0.2) 21 (1.4)

Table 1 (continued)
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Non-PSM, n (%) PSM, n (%)
Variable Neoadjuvant Neoadjuvant UFS Neoadjuvant UFS
chemo chemo/rad (n=23,877) P therapy (n=1,533) P
(n=1,204) (n=1,482) (n=1,533)
Response <0.001 -
Complete 16 (1.3) 35 (2.4) - 8 (0.5) -
Partial 171 (14.2) 369 (24.9) - 319 (20.8) -
None 732 (60.8) 714 (48.2) - 1,035 (67.5) -
Facility volume <0.001 1
Low (=10/year) 565 (46.9) 637 (43.0) 13,035 (54.6) 624 (40.7) 624 (40.7)
Medium (11-19/year) 280 (23.3) 498 (33.6) 5,996 (25.1) 440 (28.7) 440 (28.7)
High (=20/year) 359 (29.8) 347 (23.4) 4,846 (20.3) 469 (30.6) 469 (30.6)
Neoadjuvant chemo <0.001
Single agent 262 (21.8) 768 (51.8) - 631 (41.2) -
Multi agent 864 (71.8) 560 (37.8) - 802 (52.3) -
Adjuvant <0.001 <0.001
None 646 (53.7) 1,109 (74.8) 10,080 (42.3) 949 (61.9) 425 (27.7)
Chemo 346 (28.7) 315(21.3) 7,291 (30.6) 413 (26.9) 544 (35.5)
Chemo-rad/rad 212 (17.6) 58 (3.9) 6,467 (27.1) 171 (11.2) 564 (36.8)

Numbers don’t add up to 100% due to unknown or missing data not included in the table. UFS, upfront surgery; PSM, propensity score matching.

analysis of neoadjuvant therapy (NCT and NCRT) versus
UFS matched by age, tumor length, and facility volume.
After PSM, 3,066 patients were identified with significant
differences in lymph nodes removed, lymph nodes positive,
pathologic T and N stage, 30-day mortality, surgical
margins, and adjuvant therapy. No adjuvant therapy was
given in 62% of patients treated with neoadjuvant therapy
compared to 28% for UFS patients (P<0.001).

RO resection was statistically improved in both NCT
and NCRT versus UFS (7able 2). In patients treated with
single agent chemotherapy, only NCRT had significantly
higher RO rates compared UFS (P=0.02). SA-NCT did
not improve RO rates (P=0.26). There was no difference
in RO between NCT and NCRT. Patients treated with
multiagent chemotherapy had higher RO rates compared
to patients treated with single agent chemotherapy. There
were improved RO resection rates associated with NCT
and NCRT (P<0.001) compared to UFS. There was no
difference in RO between NCT and NCRT.

OS in patients who received NCT and NCRT was
compared to UFS who received adjuvant therapy. After

© Journal of Gastrointestinal Oncology. All rights reserved.

PSM, the median OS for UFS, SA-NCT, MA-NCT, SA-
NCRT, and MA-NCRT was 21.9, 21.5, 29.8, 25.3, and
25.8 months in all patients (P=0.001) (Figure 14), and 23.6,
23.9, 31.6, 25.9, and 26.6 months in RO patients (P=0.03),
respectively (Figure 1B). There was no difference in OS in
patients with R1/2 resection (Figure 1C).

Univariate analysis of the PSM group revealed that
increasing age, Charlson-Deyo index, pathologic T and
N stage, higher grade, tumor size, and positive surgical
margins were associated with increased mortality. MA-NCT
and MA-NCRT were associated with decreased mortality,
while gender, SA-NCT, SA-NCRT, and facility volumes
were not prognostic (1zble 3).

Multivariate analysis of the PSM group revealed that
increasing age, Charlson-Deyo index, pathologic N1, higher
grade, tumor size >2 cm, and positive surgical margins were
associated with increased of mortality. MA-NCT was the
only factor associated with decreased mortality, while SA-
NCT, SA-NCRT, MA-NCRT, gender, pathologic T-stage,
and facility volumes were not prognostic (Table 4).

7 Gastrointest Oncol 2019;10(4):663-673 | http://dx.doi.org/10.21037/jg0.2019.02.09



Journal of Gastrointestinal Oncology, Vol 10, No 4 August 2019

Table 2 RO resection

Treatment group

Non-PSM, n [%]

PSM, n [%]

RO resection P

RO resection P

Single agent chemotherapy

NCT 192 [79] 0.28 131[78.4] 0.26
UFS 17,521 [76] 1,141 [74.4]

NCRT 599[80.9] 0.002  371[80]  0.02
UFS 17,521 [76] 1,141 [74.4]

NCT 192 [79] 0.51 131[78.4] 0.68
NCRT 599 [80.9] 371 [80]

Multi agent chemotherapy

NCT 673[82.2] <0.001  428[81.2]  0.002
UFS 17,521 [76] 1,141 [74.4]
NCRT 456[83.8] <0.001  235[85.5] <0.001
UFS 17,521 [76] 1,141 [74.4]
NCT 673[82.2]  0.43 4281812 0.13
NCRT 456 [83.8] 235 [85.5]

Single vs. multi agent chemotherapy

SA-NCT 192 [79] 0.27 131[78.4] 0.43
MA-NCT 673 [82.2] 428 [81.2]
SA-NCRT 599[80.9] 0.18 371[80]  0.06
MA-NCRT 456 [83.8] 235 [85.5]

UFS, upfront surgery; PSM, propensity score matching;
NCT, neoadjuvant chemotherapy; NCRT, neoadjuvant
chemoradiation.

Discussion

This study represents one of the largest retrospective
reviews on neoadjuvant therapy for pancreatic cancer. There
was improved OS associated with MA-NCT in pancreatic
cancer patients compared to UFS with adjuvant therapy.
While there was improved survival with MA-NCRT on
UVA, it did not hold up on MVA. In addition, while MA-
NCRT had the highest RO resection rates, there was not a
statistically significant difference compared to MA-NCT.
SA-NCT did not affect OS or RO rates. While there was
improved OS in high volume centers, this did not hold up
after PSM.

Neoadjuvant therapy in pancreatic cancer continues to
be a topic of controversy. Its use in borderline resectable
cancer has been studied extensively, showing higher
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likelihood of achieving RO margins and improved OS,
which makes neoadjuvant therapy acceptable treatment
in borderline resectable disease (6,15,18-20). Studies have
previously shown that achieving RO versus R1 resection
gives a patient up to 6 months longer median survival (21).
Neoadjuvant therapy in resectable pancreatic cancer also
proves to have a higher RO resection rate. Some prospective
studies have shown up to 100% RO resection rates with the
use of neoadjuvant therapy in resectable pancreatic cancer
(17,22). Although the previous prospective studies have
small sample sizes, our outcomes did reflect an improved RO
resection rate which, by multivariate analysis, is statistically
significant for survival. Neoadjuvant therapy should be
considered for downstaging and improved RO resection.

Multi-modality therapy has been established as the most
effective strategy against pancreatic cancer. As of April
2017, the NCCN still recommends UFES in all resectable
and borderline resectable pancreatic cancer followed by
adjuvant therapy (9). Previous studies support the use of
adjuvant therapy and have shown improved OS. However,
many of these studies had selection bias by excluding
patients who did not end up receiving adjuvant therapy (up
to 60% in some cases) due to post-operative complications
(3,4,23,24). If the patients who were unable to receive
adjuvant therapy were included, their outcomes would
likely have been poorer. In 2014, Tzeng et al. studied
167 patients, 115 who underwent neoadjuvant therapy
and 52 who underwent UFS and adjuvant therapy. They
discovered that 83% of the neoadjuvant therapy group
completed all multimodality therapy, whereas only 58% of
the UFS group was able to complete adjuvant therapy (25).
The utilization of neoadjuvant therapy can allow patients to
receive all necessary multimodality therapy despite surgical
complications.

One argument against neoadjuvant treatment is that it
allows cancer to become unresectable during a key window
of opportunity for resectability. A study by Christians et al.
on neoadjuvant therapy in 69 patients found that 13% of
patients had progression of disease during neoadjuvant
treatment. However, 100% of the disease progression was
metastatic (15). Another study found that up to 76% of
recurrence after surgical resection of pancreatic cancer is
found to be metastatic, not local (26). These patients with
progression of disease likely had occult metastases which
was missed upon initial screening and allowing the disease
to manifest itself may prevent an unnecessary surgery and its
associated morbidity. Neoadjuvant therapy allows prompt
treatment for micrometastases while giving pancreatic
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A PSM all B PSM RO
All Median OS (months)| 5-year OS (%) RO Median OS (months)| 5-year OS (%)
UFS-adjuvant 21.9 20 UFS-adjuvant 23.6 23
SA-NCT 21.5 15 SA-NCT 23.9 16
MA-NCT 29.8 24 MA-NCT 31.6 27
SA-NCRT 25.3 16 SA-NCRT 25.9 18
MA-NCRT 25.8 18 MA-NCRT 26.6 19
Survival functions Survival functions
1.0 Treatment ) 1.0 Treatment
—fj Upfront surgery, adjuvant - . Upfront surgery, adjuvant
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Figure 1 Kaplan-Meier analysis of overall survival by treatment group. (A) PSM OS all patients; (B) PSM OS RO patients; (C) PSM OS
R1/2 patients. PSM, propensity score matching; OS, overall survival; UFS, upfront surgery; SA, single agent; MA, multiagent; NCT,
neoadjuvant chemotherapy; NCRT, neoadjuvant chemoradiotherapy.
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Table 3 Univariate analysis

Non-PSM PSM
Variable
HR 95% ClI P HR 95% ClI P

Age 1.01 1.00-1.01 <0.001 1.01 1.01-1.02 <0.001
Gender

Male Ref Ref Ref Ref Ref Ref

Female 0.98 0.94-1.01 0.12 0.97 0.88-1.07 0.59
Charlson/Deyo

0 Ref Ref Ref Ref Ref Ref

1 1.11 1.07-1.15 <0.001 1.13 1.02-1.26 0.02

2 1.34 1.26-1.43 <0.001 1.18 0.96-1.46 0.13
Path T-stage

TO-2 Ref Ref Ref Ref Ref Ref

T3 1.57 1.51-1.64 <0.001 1.30 1.16-1.46 <0.001

T4 2.56 2.32-2.83 <0.001 1.48 1.11-1.97 0.007
Path N-stage

NO Ref Ref Ref Ref Ref Ref

N1 1.86 1.79-1.94 <0.001 1.57 1.42-1.74 <0.001
Grade

Low Ref Ref Ref Ref Ref Ref

Intermediate 1.47 1.38-1.56 <0.001 1.45 1.22-1.72 <0.001

High 1.99 1.86-2.12 <0.001 1.82 1.53-2.18 <0.001
Tumor size, cm

<2 Ref Ref Ref Ref Ref Ref

>2 1.53 1.46-1.60 <0.001 1.41 1.22-1.62 <0.001
Surgical margins

Negative Ref Ref Ref Ref Ref Ref

Microscopic 1.69 1.63-1.76 <0.001 1.61 1.44-1.81 <0.001

Macroscopic 2.05 1.77-2.38 <0.001 2.32 1.37-3.94 0.002
Facility volume

Low (<10/year) Ref Ref Ref Ref Ref Ref

Medium (11-19/year) 0.92 0.89-0.96 <0.001 1.01 0.90-1.14 0.86

High (=20/ year) 0.88 0.84-0.91 <0.001 0.94 0.83-1.05 0.27
Treatment

UFS-adjuvant Ref Ref Ref Ref Ref Ref

SA-NCT 0.96 0.81-1.13 0.60 1.04 0.84-1.29 0.70

MA-NCT 0.68 0.61-0.77 <0.001 0.73 0.62-0.87 <0.001

SA-NCRT 0.88 0.80-0.97 0.01 0.94 0.81-1.08 0.36

MA-NCRT 0.77 0.68-0.87 <0.001 0.80 0.66-0.97 0.02

UFS, upfront surgery; PSM, propensity score matching; NCT, neoadjuvant chemotherapy; NCRT, neoadjuvant chemoradiation; Ref,
reference; SA, single agent; MA, multiagent.
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Table 4 Multivariate analysis

Non-PSM PSM
Variable
HR 95% Cl P HR 95% Cl P

Age 1.01 1.00-1.01 <0.001 1.01 1.00-1.01 0.006
Gender

Male Ref Ref Ref Ref Ref Ref

Female 0.98 0.94-1.02 0.35 1.03 0.93-1.15 0.57
Charlson/Deyo

0 Ref Ref Ref Ref Ref Ref

1 1.06 1.01-1.11 0.04 1.09 0.97-1.23 0.15

2 1.21 1.10-1.32 <0.001 1.18 0.93-1.50 0.17
Path T-stage

TO-2 Ref Ref Ref Ref Ref Ref

T3 1.12 1.06-1.19 <0.001 1.13 0.99-1.28 0.08

T4 1.51 1.31-1.75 <0.001 1.15 0.83-1.59 0.40
Path N-stage

NO Ref Ref Ref Ref Ref Ref

N1 1.52 1.44-1.60 <0.001 1.44 1.28-1.62 <0.001
Grade

Low Ref Ref Ref Ref Ref Ref

Intermediate 1.25 1.15-1.36 <0.001 1.29 1.06-1.56 0.009

High 1.62 1.48-1.76 <0.001 1.64 1.35-1.99 <0.001
Tumor size, cm

<2 Ref Ref Ref Ref Ref Ref

>2 1.34 1.26-1.43 <0.001 1.25 1.06-1.47 0.007
Surgical margins

Negative Ref Ref Ref Ref Ref Ref

Microscopic 1.41 1.34-1.48 <0.001 1.42 1.25-1.62 <0.001

Macroscopic 1.25 1.00-1.56 0.05 3.29 1.81-6.00 <0.001
Facility volume

Low (=10/year) Ref Ref Ref Ref Ref Ref

Medium (11-19/year) 0.92 0.87-0.97 0.002 1.04 0.92-1.19 0.52

High (=20/year) 0.87 0.82-0.92 <0.001 0.89 0.79-1.02 0.09
Treatment

UFS-adjuvant Ref Ref Ref Ref Ref Ref

SA-NCT 1.13 0.92-1.38 0.25 1.09 0.88-1.35 0.44

MA-NCT 0.83 0.71-0.96 0.01 0.80 0.68-0.95 0.01

SA-NCRT 1.12 0.99-1.27 0.07 1.08 0.93-1.25 0.32

MA-NCRT 0.93 0.78-1.10 0.40 0.91 0.75-1.10 0.34

UFS, upfront surgery; PSM, propensity score matching; NCT, neoadjuvant chemotherapy; NCRT, neoadjuvant chemoradiation; Ref,
reference; SA, single agent; MA, multiagent.
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cancer time to present its resectability status.

Above all, we have demonstrated that neoadjuvant
therapy increases median and OS. Evans et 4/. did a study
in 2008 on 86 patients with stage I and II pancreatic
cancer and showed a median survival of 34 months in
patients who received neoadjuvant therapy followed by
surgical resection (27). Multiple small prospective trials
have shown median OS as 30-32 months in patients with
resectable pancreatic cancer who underwent neoadjuvant
therapy (28-30). In an NCDB analysis (1998 to 2002),
a comparison of 277 patients who received preoperative
radiation against 5,414 patients treated with postoperative
radiation revealed no difference in OS (med OS 18 vs.
19 months) despite significantly higher number of negative
margins and lymph nodes in the preoperative group (31).
This finding is consistent with this study. A study from the
Moftitt Cancer Center analyzed outcomes of pancreatic
cancer patients who underwent UFS with adjuvant therapy
(192 patients) or neoadjuvant multiagent chemotherapy
followed by stereotactic radiation (61 patients) (17). In the
neoadjuvant group, there was significantly higher T-stage,
N-stage, and need for vascular resection and repair. R1
resections was lower after neoadjuvant therapy (3.3% vs.
16.2%, P=0.006). Postoperative morbidities and mortality
were similar. Median OS favor neoadjuvant therapy (33.5
vs. 23.1 months; P=0.57). Finally, an MD Anderson study
showed similar results with increased OS associated with
neoadjuvant therapy with multiagent chemotherapy and
chemoradiation compared to UFS (median OS 33.5 vs.
26.5 months; P=0.04) (32).

A weakness in our study includes inherent selection
bias due to the study being a retrospective analysis. To
counteract this bias, we included PSM. There are also
limitations on the methods by which different institutions
input data and a lack of data on what criteria and guidelines
each institution followed for collecting data and making
diagnoses. The data also lacked endoscopic ultrasound
staging making it impossible to truly rule out borderline
resectable pancreatic cancers. Future studies should improve
upon these limitations and explore the most effective
neoadjuvant therapy for all stages of pancreatic cancer.

Conclusions

Our study illustrates that neoadjuvant therapy is an effective
treatment for pancreatic cancer patients diagnosed with
resectable disease. Neoadjuvant therapy has potential to
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downstage pancreatic tumors which improves RO resection,
it ensures all patients receive multimodality therapy and
most importantly, neoadjuvant therapy improves OS in
patients with pancreatic cancer. Clinical trials are needed to
address the role of neoadjuvant therapy in borderline and
upfront resectable pancreatic cancer.
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