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Introduction

Pancreatic adenocarcinoma is an aggressive malignancy 

with increasing incidence. In the United States alone 

there will be an estimated 55,440 new cases of pancreas 

cancer diagnosed in 2018, and an estimated 44,330 patients 

will die of the disease in the same year (1). Despite slight 
improvements in survival, the 5-year survival for patients 
with localized disease remains less than 35% (1). 

In patients with resectable disease who undergo upfront 
surgical resection, randomized controlled trials have shown 
that the use of adjuvant chemotherapy improves survival (2,3) 
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and is recommended by National Comprehensive Cancer 
Network (NCCN) guidelines (4). However, the proportion 
of patients who receive recommended chemotherapy after 
surgical resection is low. Previous studies have shown that at 
best, only around 60% of patients complete recommended 
adjuvant therapy (5-7). A review of the California Cancer 
Registry found that only 28% of patients received NCCN 
guideline compliant care consisting of surgery and 
chemotherapy or chemoradiation for resectable tumors (7). 

As an alternative to the surgery-first approach, 
neoadjuvant therapy has many theoretical benefits. First, it 
ensures all patients start systemic therapy which is critical to 
obtain optimal survival outcomes. Additionally, it allows early 
aggressive disease to manifest itself, therefore minimizing 
the chance a patient undergoes surgery only to have disease 
progression shortly thereafter. Prior studies have shown 
that neoadjuvant chemotherapy and chemoradiation in 
resectable pancreatic adenocarcinoma is feasible, however it 
is unclear if resection rates or overall survival are significantly 
improved (8-12). Finally, patients who receive upfront 
chemotherapy are less likely to have positive lymph nodes 
or positive margins at the time of surgery (13,14). Typically, 
chemoradiation is used in the neoadjuvant setting in an 
attempt to optimize local tumor control; however, this 
therapy may add additional toxicities to the patient. 

The aim of the current study was to evaluate a short 
course of neoadjuvant-intent chemotherapy without 
radiation in patients diagnosed with radiographically 
resectable pancreatic adenocarcinoma. Our intent was to 
determine whether up-front chemotherapy alone led to 
increased risk of local disease progression, and to assess 
whether multi-agent chemotherapy regimens were superior 
to single-agent chemotherapy in the neoadjuvant setting. 

Methods

After obtaining approval from the Institutional Review 
Board, our institutional Pancreatic Cancer Registry was 
queried for patients who received neoadjuvant-intent 
chemotherapy for pancreatic cancer. The Pancreatic Cancer 
Registry is a retrospective registry of patients who received 
care for pancreatic adenocarcinoma at the University 
of Minnesota from 2012–2016 which includes patient 
demographic, tumor characteristics and outcomes, to be 
used for institutional research. During this time period, it 
was institutional practice to treat patients with resectable 
tumors with neoadjuvant-intent chemotherapy at diagnosis. 
A short-course of neoadjuvant-intent chemotherapy 

consisted of two to three months of upfront chemotherapy 
followed by surgical resection then the completion of the 
intended chemotherapy course after recovery. At the time of 
diagnosis, all patients were reviewed in a multi-disciplinary 
conference to determine appropriate neoadjuvant regimen, 
weighing patient risk factors and comorbidities. Patients 
were included in the study if they were at least 18 years 
old, had biopsy proven adenocarcinoma, radiographically 
resectable disease and were started on neoadjuvant 
chemotherapy without radiation. 

In order to verify resectability status, imaging at diagnosis 
was reviewed by two independent and blinded surgical 
oncologists to confirm the patient had resectable disease 
at presentation as defined by the NCCN guidelines (lack 
of arterial involvement and <180-degree involvement of 
superior mesenteric or portal vein) (4). If any disagreements 
occurred, the cases and imaging were reviewed together 
until a consensus decision was reached. Patients who did not 
have radiographically resectable disease at diagnosis were 
excluded. Patients were excluded if they had borderline 
resectable tumors, metastatic disease at diagnosis, or were 
treated with upfront surgical resection. Data for patients who 
met inclusion criteria were abstracted from our institutional 
Pancreatic Cancer Registry, which included demographics, 
pre-treatment evaluation, preoperative AJCC 7th edition 
TNM stage, preoperative imaging, CA19-9 levels, treatment 
plan, operative reports, pathology, post-chemotherapy and 
postoperative imaging, adjuvant treatment, complications, 
disease recurrence, and survival. Post-treatment imaging 
was re-reviewed by two independent and blinded surgical 
oncologists in order to assess for radiographic disease 
progression or regression. Pathologic specimens were 
reviewed by a blinded pathologist and specimens were given 
an Evans criteria score (15). The Evans score is a histologic 
grading scheme to quantify the presence or absence of a 
response to treatment in pathologic specimens (15). A grade I 
score indicates characteristic cytologic changes of malignancy 
but <10% tumor destruction, a grade II score indicates 
10–90% of tumor cells destroyed, a grade III score indicates 
<10% of tumor cells are viable and a grade IV score indicates 
a complete response to treatment with no viable tumor 
cells present (15). For patients lost to follow-up, an online 
obituary search was performed as an attempt to determine 
vital status and date of death. 

Patients were analyzed with an intention-to-treat protocol 
and grouped by neoadjuvant chemotherapy regimen: 
gemcitabine alone versus multi-agent chemotherapy 
(gemcitabine/nab-paclitaxel or FOLFIRINOX). Patient and 
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tumor characteristics were evaluated utilizing a two-tailed 
Fisher’s exact test for categorical variables, Student’s t-test for 
continuous variables and Kruskal-Wallis rank sum test for 
non-parametric continuous variables. Survival was evaluated 
utilizing the Kaplan Meier method and log rank test. Statistical 
significance was defined as a P value of ≤0.05. Statistical 
analyses were performed utilizing R (R version 3.4.2) and 
Prism (7.00, GraphPad Software, La Jolla, CA, USA).

Results

Patient and tumor characteristics

A total of 36 patients with resectable pancreatic adenocarcinoma 
who met inclusion criteria were identified (Table 1). The 
median age was 66.3 years [interquartile range (IQR), 
61.3–74.0], 64% (n=23) were male, 94% (n=34) were white, 
17% (n=6) of patients were obese (BMI ≥30), and 22% 

Table 1 Patient and tumor characteristics at diagnosis for all patients with resectable pancreatic adenocarcinoma treated with neoadjuvant 
chemotherapy (n=36)

Characteristics Entire cohort (n=36) Gemcitabine (n=17) Multi-agent (n=19) P value

Age (median, IQR) 66.3 (61.3–74.0) 65.6 (61.3–70.64) 66.9 (61.6–75.85) 0.84

Sex, male, n (%) 23 (63.9) 10 (58.8) 13 (68.4) 0.60

Race, White, n (%) 34 (94.4) 16 (94.1) 18 (94.7) 0.99

Year of diagnosis, n (%) 0.02

2012–2014 18 (50.0) 12 (79.6) 6 (31.6)

2015–2016 18 (50.0) 5 (29.4) 13 (68.4)

Comorbidity, n (%) 0.99

None [0] 6 (16.7) 3 (17.6) 3 (15.8)

Mild [1] 20 (55.6) 9 (52.9) 11 (57.9)

Moderate [2] 8 (22.2) 4 (23.5) 4 (21.1)

Severe [3] 2 (5.6) 1 (5.9) 1 (5.3)

Obese, BMI ≥30, n (%) 6 (16.7) 3 (17.6) 3 (15.8) 0.99

DM, n (%) 8 (22.2) 4 (23.5) 4 (21.1) 0.99

Tumor location, head, n (%) 29 (80.6) 16 (94.1) 13 (68.4) 0.09

Clinical T stage, n (%) 0.16

T1 8 (22.2) 6 (35.3) 2 (10.5)

T2 13 (36.1) 6 (35.3) 7 (36.8)

T3 15 (41.7) 5 (29.4) 10 (52.6)

Clinical N stage, n (%) 0.41

N0 31 (86.1) 16 (94.1) 15 (78.9)

N1 5 (13.9) 1 (5.9) 4 (21.1)

Tumor size (median, IQR) 2.5 (2.00–3.02) 2.1 (1.7–2.60) 2.8 (2.40–3.30) 0.06

CA19-9, U/mL (median, IQR) 96.0 (26.0–322.0) 86.5 (15.5–271.5) 154.0 (44.0–323.0) 0.51

Albumin, g/dL (median, IQR) 3.6 (3.35–3.85) 3.65 (3.45–3.97) 3.5 (3.35–3.75) 0.26

BMI, body mass index; DM, diabetes mellitus. 
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(n=8) had a diagnosis of type-2 diabetes mellitus. Eighty 
percent (n=29) of patients had tumors located in the head 
of the pancreas, and 22% were T stage T1, 36% T2, 
and 42% T3. Median CA19-9 at diagnosis was 96 U/mL  
(IQR, 26–322 U/mL) and median albumin was 3.6 g/dL 
(IQR, 3.35–3.85 g/dL). Patients treated with multi-agent 
chemotherapy had slightly larger tumors (median 2.80 
versus 2.10, P=0.06) and were more likely to be diagnosed 
in 2015–2016 versus 2012–2014 (P=0.02). 

Neoadjuvant treatment

Of the 36 patients eligible for the study, 47% (n=17) started 
treatment with gemcitabine alone and 53% (n=19) were 
treated with multi-agent chemotherapy (gemcitabine/nab-
paclitaxel or FOLFIRINOX). Among those 19 patients, 
8 patients were treated with gemcitabine/nab-paclitaxel 
and 11 patients with FOLFIRINOX. Twelve percent of 
patients (n=2) who began treatment with gemcitabine 
alone were switched to a multi-agent regimen, both 
due to the identification of distant metastases within  
4 months of starting neoadjuvant-intent chemotherapy. 
Among patients started on multi-agent neoadjuvant-
intent chemotherapy, 26% (n=5) had a change in treatment 
regimen; three patients treated with gemcitabine/nab-
paclitaxel were switched to gemcitabine alone due to 
comorbidities and poor tolerability, two patients who 
started on FOLFIRINOX were switched to gemcitabine/
nab-paclitaxel due to the development of complications. 

The median time from diagnosis to initiation of 
chemotherapy was 21 days (IQR, 17–29 days) for all 

patients. The median duration of chemotherapy (time 
from initiation of neoadjuvant-intent chemotherapy to 
surgery) was 88 days (IQR, 76–105 days). For patients who 
proceeded to surgery, the median interval from diagnosis to 
surgery was 113 days (IQR, 104–143 days). 

Treatment and surgical outcomes

Treatment outcomes after neoadjuvant-intent chemotherapy 
are summarized in Table 2. No patient had evidence of local 
disease progression on re-staging imaging. However, 8% of 
patients (n=3) had distant metastatic disease which became 
evident during chemotherapy, two of which were on single 
agent gemcitabine. An additional 11% (n=4) had clinical 
deterioration precluding surgery, two patients were on 
single-agent chemotherapy and two patients were on multi-
agent. 

The median change in CA19-9 levels for all patients 
while on neoadjuvant-intent chemotherapy was a decrease 
by 8 U/mL (IQR, −55 to 0 U/mL). The median change in 
CA19-9 for those treated with single agent chemotherapy 
was a decrease by 9 U/mL (IQR, −46.5 to 0.5 U/mL); 
while the median change for those treated with a multi-
agent regimen was a decrease by 2 U/mL (IQR, −63.5 to  
0 U/mL). Among patients who experienced disease 
progression, the median CA19-9 at diagnosis was 95 U/mL  
(IQR, 56.5–301.5 U/mL) and the median change in CA19-
9 was −8 U/mL (IQR, −84 to −5 U/mL). For patients who 
proceeded to surgical resection, the median CA19-9 at 
diagnosis was 96 U/mL (IQR, 12.5 to 318 U/mL) and the 
median change in CA19-9 with treatment was −10 U/mL (IQR, 

Table 2 Treatment characteristics for patients treated with neoadjuvant chemotherapy

Variables Entire cohort (n=36) Gemcitabine (n=17) Multi-agent (n=19) P value

First line chemotherapy, n (%)

Gemcitabine 17 (47.2) 17 (100.0) 0 (0.0)

Gem/nab-paclitaxel 8 (22.2) 0 (0.0) 8 (42.1)

FOLFIRINOX 11 (30.6) 0 (0.0) 11 (57.9)

Median CA19-9 change (IQR) −8 (−55 to 0) −9 (−46.5 to 0.5) −2 (−63.5 to 0) 0.95

Surgical decision, n (%) 0.48

Proceed to surgery 29 (80.6) 13 (76.5) 16 (84.2)

Distant progression 3 (8.3) 2 (11.8) 1 (5.3)

Local progression 0 (0.0) 0 (0.0) 0 (0.0)

Clinical decision 4 (11.1) 2 (11.8) 2 (10.5)
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−55 to 0 U/mL). 
Among all patients who were started on neoadjuvant 

chemotherapy, 81% of patients (n=29) proceeded to the 
operating room, and 69% of patients (n=25) underwent 
pancreatic resection. Four patients underwent surgical 
exploration only, without resection, due to the intraoperative 
discovery of metastatic disease despite no evidence of disease 
on pre-operative pancreas protocol CT performed within 
3 weeks of surgery. There was no statistically significant 
difference in resection rates between patients who began 
treatment with gemcitabine alone versus multi-agent 
chemotherapy (59% in the gemcitabine cohort and 79% in 
the multi-agent cohort; P=0.34).

Surgical and oncologic outcomes for the 25 patients who 
underwent a surgical resection are included in Table 3. Eighty 
percent of patients (n=20) had a pancreaticoduodenectomy 
and 20% (n=5) underwent a distal pancreatectomy. The 
overall R0 resection rate was 92% (n=23). There was no 
difference in R0 resection rates based on chemotherapy 
regimen (90% with gemcitabine alone, 93% with multi-
agent chemotherapy, P=1.00). Venous resection was required 
in 12% of cases (n=3) and the lymph node positivity rate 
was 64% (n=16). On pathologic assessment of tumors,  
11 patients (44%) had a pathologic Evans grade I treatment 
effect, while most patients (12, 48%) had an Evans grade 

II response. There was no difference in the response to 
chemotherapy between single agent versus multi-agent 
therapy (P=0.524). One patient in the single agent arm had a 
complete pathologic response to chemotherapy. 

Overall survival

Median follow up for the cohort was 24.7 months. The 
overall median survival was 30.3 months (Figure 1A). On 
intention to treat analysis, there was no difference in overall 
survival between patients treated with gemcitabine alone 
(median survival of 31.3 months) and those treated with 
multi-agent chemotherapy (median survival of 29.7 months, 
Figure 1B; P=0.90). Overall survival for the 25 patients who 
underwent surgical resection was 34.4 months, while overall 
survival for the 11 patients who did not proceed to resection 
was 19.1 months (Figure 1C, P=0.23).

Discussion

Pancreatic adenocarcinoma is an aggressive and morbid 
disease. Patients with resectable disease often have the 
best prognosis, however even after optimal treatment, 
median survival remains only 22–28 months, with merely 
35% of patients surviving at 5 years (1,2). The proposed 

Table 3 Surgical outcomes among the patients who underwent surgical resection (n=25) 

Variables Entire cohort, n (%) Gemcitabine, n (%) Multi-agent chemotherapy, n (%) P value

Surgical procedure

Pancreaticoduodenectomy 20 (80.0) 9 (90.0) 11 (73.3) 0.61

Distal pancreatectomy 5 (20.0) 1 (10.0) 4 (26.7)

Surgical outcomes    

Vascular resection 3 (12.0) 1 (10.0) 2 (13.3) 1.00

Margin status, R0 23 (92.0) 9 (90.0) 14 (93.3) 1.00

Pathologic outcomes    

Nodal metastases 16 (64.0) 5 (50.0) 11 (73.3) 0.44

Evans gradea    0.52

I 11 (44.0) 4 (40.0) 7 (46.7)

II 12 (48.0) 5 (50.0) 7 (46.7)

III 1 (4.0) 0 (0.0) 1 (6.7)

IV 1 (4.0) 1 (10.0) 0 (0.0)
a, Evans grade: based on Evans criteria where grade I represents characteristic cytologic changes of malignancy with <10% tumor 
destruction; grade II represents cytologic changes of malignancy with 10% to 90% of tumor cells destroyed; grade III represents <10% 
viable-appearing tumor cells present; grade IV represents the presence of no viable tumor cells (15). 
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Figure 1 Kaplan-Meier survival curves for patients treated with neoadjuvant-intent chemotherapy. (A) Overall survival for all patients with 
resectable pancreatic adenocarcinoma initiated on neoadjuvant chemotherapy (n=36, median survival 30.3 months). (B) Overall survival for 
all patients with resectable pancreatic adenocarcinoma treated with neoadjuvant chemotherapy, stratified by regimen (gemcitabine alone  
31.3 months, vs. multi-agent chemotherapy 29.7 months, P=0.90). (C) Overall survival for all patients with resectable pancreatic adenocarcinoma 
treated with neoadjuvant chemotherapy stratified by surgical resection (resection 34.4 months, vs. no resection 19.1 months, P=0.23).
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benefits of neoadjuvant chemotherapy are that it offers 
upfront systemic treatment to patients in an attempt to 
treat micrometastatic disease, assures a greater proportion 
of patients receive systemic chemotherapy and improves 
patient selection prior to surgical resection. We report a 
series of 36 patients who were treated on an intention-
to-treat basis with neoadjuvant chemotherapy prior to 
surgical resection. Under this protocol, there was no local 
progression of disease, and 69% of patients proceeded to 
have surgical resection. Median overall survival for the 
entire cohort was 30.3 months, and was 34.4 months for 
patients who proceeded to resection. Although there was 
a trend towards higher resection rates among patients 
treated with multi-agent chemotherapy, overall survival 
was comparable among patients treated with multi-
agent chemotherapy and those treated with single agent 
gemcitabine. 

In the present study, a short course of neoadjuvant-
intent chemotherapy was given to patients with resectable 
disease prior to reimaging and surgical planning. No 
patients had local progression of disease during neoadjuvant 
chemotherapy, supporting the use of systemic chemotherapy 

in the absence of radiation. This technique effectively 
provided the beneficial systemic effects of chemotherapy 
without the toxic side-effects of chemoradiation. The 
limiting factor precluding patients from surgical resection 
in this series was most commonly the discovery of distant 
metastatic disease, which was identified in almost 20% of 
patients who received neoadjuvant-intent chemotherapy. 
These patients that developed metastatic disease within  
2–3 months of diagnosis and while on chemotherapy, 
likely had micrometastatic disease at the time of diagnosis. 
Therefore, this subset of patients would not have benefited 
from up-front surgical resection, as progression of disease 
while on systemic treatment is typically indicative of 
unfavorable tumor biology. 

Although most patients had CA19-9 producing tumors, 
CA19-9 level at diagnosis did not correlate with more 
aggressive disease. Similarly, reduction of CA19-9 during 
chemotherapy did not predict resectability in our small 
cohort. 

Although we did not identify a statistically improved 
survival for patients who received multi-agent therapy, we 
did identify a few notable trends. Patients who received 
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multi-agent therapy seemed to be less likely to develop 
metastatic disease during chemotherapy despite having 
similar overall survival compared to the single agent group. 
While there was no difference in pathologic response to 
chemotherapy, there was a trend towards higher resection 
rates in those receiving multi-agent chemotherapy. 

Neoadjuvant chemotherapy offers several advantages for 
patients with pancreatic cancer. Neoadjuvant chemotherapy 
administered to patients who may harbor undetected 
systemic metastases may prevent early development of 
metastatic disease and thus early recurrence after surgery. 
Furthermore, it has been shown that compliance with 
recommended treatment guidelines is very poor in 
pancreatic cancer (7); at least 40% of patients who undergo 
surgical resection never receive postoperative systemic 
therapy (6,16). Therefore, neoadjuvant chemotherapy 
enables more patients to receive necessary systemic 
treatment. Almost 30% of patients experience a serious 
complication postoperatively, which has been shown to 
significantly decreases their likelihood of receipt and 
completion of adjuvant chemotherapy (6,17). Lastly, 
neoadjuvant chemotherapy allows additional time from 
diagnosis to surgery to possibly unmask aggressive tumor 
characteristics of disease which may progress early, 
potentially sparing these patients from the morbidity of an 
unnecessary operation. 

There are minimal data to guide clinician decision 
making surrounding neoadjuvant chemotherapy in patients 
with resectable pancreatic adenocarcinoma. Current 
NCCN guidelines recommend that patients with resectable 
disease may be considered for neoadjuvant therapy as part 
of a study protocol or with high risk features, otherwise 
they recommend upfront surgical resection (4). The present 
study supports the use of neoadjuvant chemotherapy 
alone prior to surgical resection in patients with resectable 
disease.

While this study is novel in describing a short course 
of neoadjuvant-intent chemotherapy without radiation in 
patients with pancreatic adenocarcinoma, we recognize 
several important limitations. As a retrospective single-
institution chart review, there is inherent selection bias 
to the patients who were administrated neoadjuvant 
chemotherapy, as well as selection of specific chemotherapy 
agent. However, comparative statistics between the two 
groups only found a significant difference corresponding to 
date of diagnosis and not between patient characteristics. 
Lastly as a retrospective, single-institutional series the 
sample size of patients treated with neoadjuvant-intent 

chemotherapy is small; however, it is comparable to the 
current available studies on neoadjuvant chemotherapy in 
resectable pancreatic cancer. 

Despite its limitations, this study shows that a short 
course of neoadjuvant-intent chemotherapy for resectable 
pancreatic adenocarcinoma is safe and potentially effective 
at selecting patients most likely to benefit from surgical 
resection. Under this treatment protocol, there was no 
local progression of disease and 69% of patients underwent 
surgical resection with a 92% R0 resection rate. Amongst 
those patients who did undergo surgery, median survival 
was 34.4 months, which compares favorably to patients 
who undergo upfront surgery followed by adjuvant 
gemcitabine plus capecitabine (28 months) (2). Survival 
outcomes in patients treated with neoadjuvant-intent 
gemcitabine alone was comparable to treatment with 
multi-agent chemotherapy. While we show that a short 
course of neoadjuvant-intent chemotherapy in patients 
with resectable disease is safe and offers good surgical and 
oncologic outcomes, further large scale, randomized trials 
are needed to fully characterize the role of neoadjuvant 
chemotherapy in patients with resectable disease.
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