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Abstract
Introduction: Surgical resection offers the best chance of long-
term survival for patients with Pancreatic adenocarcinoma 
(PDAC). Neoadjuvant Chemotherapy (NAC) is increasingly utilized 
for the treatment of occult distant metastases and to improve 
tumor resectability, but questions remain about optimal patient 
selection for NAC. We sought to evaluate the impact of initial 
tumor resectability and neoadjuvant chemotherapy on overall 
survival after resection. 

Methodology: A retrospective review was performed for patients who 
underwent PDAC resection between January 2010 and December 
2020 at a tertiary hospital. Overall Survival (OS) was assessed 
using the Kaplan-Meier method and univariate and multivariate 
Cox models, both based on the date of initial tumor diagnosis.

Results: Between 2010 and 2020, 356 patients underwent PDAC 
resection. NAC was administered to 129 patients (36%), while 
the remaining 227 patients (64%) underwent resection without 
NAC. 254 patients (71%) were classified as initially resectable, 
with a higher percentage going for upfront surgery versus NAC 
(92% patients vs. 35% patients, P < 0.001). Median OS was not 
significantly different between patients who underwent NAC 
vs. upfront surgery (P = 0.59) or between those with initial 
resectability vs. BL/LA (P = 0.25) in this cohort. By multivariate 
analysis, positive lymph nodes (P = 0.006) and T3/T4 tumors 
(P = 0.008) were independent predictors of poor survival, 
while adjuvant chemotherapy was associated with improved 
survival (P < 0.001). When stratified by initial resectability and 
neoadjuvant chemotherapy, the highest median OS was seen in 
resectable patients who received neoadjuvant treatment (68.8 
months), while the worst was in resectable patients who did 
not receive neoadjuvant chemotherapy (22 months). Initially, 
borderline resectable or locally advanced patients who underwent 
neoadjuvant chemotherapy had similar survival to resectable 
patients that did not (32.7 vs. 31 months).

Conclusion: In a selected retrospective cohort, neither NAC nor initial 
resectability was associated with improved median OS, suggesting 
that histopathologic and biologic factors play a role. NAC may still 
improve survival in resectable patients and plays an important role in 
converting patients with nonresectable disease to resectable disease.

Introduction
Pancreatic Ductal Adenocarcinoma (PDAC) is a leading cancer 
diagnosis in the United States, and is estimated to be a top cause 
of cancer death in the next several decades [1]. While survival 
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has slowly improved over the last several years, overall five-year 
survival remains dismal at 13% across all stages of disease 
[1]. In many situations, this is related to the late stage at which 
most patients are diagnosed, as only 20%–30% present with 
PDAC at a stage when they may be surgical candidates. Surgical 
resection offers the best chance for meaningful long-term 
survival but is restricted to patients without distant metastases 
who have resectable tumors [2,3]. Even with surgery, the majority 
of patients will recur with distant disease within 3 years [4]. As 
a result, optimal treatment of PDAC involves combining surgery 
with chemotherapy and potentially radiation therapy for the best 
chance of cure, with specific decisions about treatment often 
stratified based on clinical factors to predict the risk of tumor 
recurrence.

Nearly all patients receive chemotherapy at some point in PDAC 
treatment, given the aggressiveness of the disease. Chemotherapy 
offers the ability to kill microscopic tumor cells that have the 
potential to spread to other organs through lymphatic and perineural 
tissue. However, controversy remains as to the best time to offer 
chemotherapy in conjunction with surgical resection. Neoadjuvant 
Chemotherapy (NAC) is given to patients prior to surgical resection. 
National guidelines recommend NAC to patients with tumors 
involving the nearby portal vein and/or hepatic arteries, often 
termed “Borderline Resectable” (BR) or “Locally Advanced” (LA), 
in order to shrink the tumor and increase the likelihood of surgical 
resection [5]. However, some institutions routinely recommend NAC 
to all patients with PDAC, even if the tumor appears resectable 
upfront. Proponents of this argue that NAC increases the likelihood 
of microscopic complete tumor resection and can identify patients 
with poor tumor biology that may recur quickly after an operation, 
thus sparing these patients the morbidity and mortality associated 
with surgery [6–8]. Furthermore, patients may tolerate upfront 
chemotherapy better, and surgical complications can delay the 
timely receipt of postoperative chemotherapy [9]. Other centers, and 
even patients, favor upfront surgery for resectable tumors, followed 
by adjuvant chemotherapy 4 weeks–6 weeks later. Several studies 
have demonstrated improved disease-free and overall survival in 
patients receiving chemotherapy after resection compared with 
observation alone [10,11]. At this time, controversy remains as to 
who should receive NAC, and the decision to administer is often 
based not only upon tumor characteristics but also upon patient 
comorbidities and even patient and surgeon preference. Prospective 
randomized clinical trials are underway to potentially determine if 
NAC should be administered in all patients with PDAC [12].

Until this data has resulted, the decision regarding surgery or 
NAC is often at the discretion of the patient, the surgeon, and 
the treating oncologist. The aim of this study was to evaluate the 
impact of initial tumor resectability and NAC on overall survival.

Methodology
Patient Selection and Data Collection: Data were retrospectively 
collected from January 2010 to December 2020 for all patients 

undergoing PDAC resection at the Mayo Clinic in Florida. Charts 
were reviewed, and information on patient demographics, surgical 
treatment, chemoradiation therapy, perioperative characteristics, 
and tumor characteristics was collected. All resected cancers 
were reviewed by a pathologist at the time of surgery, and 
included an analysis of TNM tumor stage, grade, margin status, 
nodal status, and the presence of perineural and/or perivascular 
invasion. Overall survival was calculated from the date of cancer 
diagnosis by imaging or tumor biopsy to the date of last follow-up 
or death. This allowed for the removal of any potential lead time 
bias in patients who received chemotherapy prior to surgery. The 
administration of neoadjuvant and/or adjuvant chemotherapy 
and the specific treatment regimen were at the discretion of 
the treating medical and surgical oncologist and were not 
affected by this study. At least 3 months of chemotherapy was 
administered in all patients who underwent neoadjuvant therapy, 
with FOLFIRINOX being the preferred treatment when possible. 
The study was carried out with the approval of the Mayo Clinic 
Institutional Review Board (IRB).

Statistical Analysis: Statistical analysis was performed using 
Stata 13 (StataCorp, College Station, TX). A P-value less than 
0.05 was considered significant. Summary statistics for the 
entire population and each cohort were presented as mean 
variables with ranges for continuous variables and percentages 
and frequencies for categorical variables. Differences between 
continuous variables were assessed by Student’s t-test, and 
categorical variables were analyzed by Fisher’s exact test. Median 
overall survival and differences in survival were calculated by the 
Kaplan-Meier method and the Cox-Mantel log-rank test.

Results
Patient Demographics: During the study period, 356 patients 
underwent surgical resection for PDAC (Table 1). The average age 
at surgery was 69.2 years (range, 40 years to 91 years), and 187 
patients (53%) were male. Of the 356 patients, 129 (36%) received 
NAC at the discretion of their medical and surgical oncologist 
treatment. This included 70 patients (54%) who received 
FOLFIRINOX, 40 patients (31%) who received gemcitabine-
based chemotherapy, 1 patient (1%) who received capecitabine-
based chemotherapy, and the remaining 18 patients (14%) who 
received a different or unknown chemotherapy agent. All patients 
underwent surgical resection. Median overall survival from the 
time of tumor diagnosis for the entire patient cohort was 29.7 
months.

Patient demographics and perioperative characteristics are given 
for patients depending on treatment with or without NAC (Table 1). 
There was no difference in mean age at surgery or gender between 
the two groups. Patients who were treated with upfront resection 
tended toward a lower ECOG compared to those receiving NAC, 
while those with resectable tumors on radiology were more likely to 
proceed with surgery first (P < 0.05, both). Patients who required a 
Whipple operation were also more likely to undergo NAC first (76% 
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Characteristic All Patients Neoadjuvant Chemotherapy  
(n = 129)

Surgery First
(n = 227)

P-value

Mean age (yr) 69.2 67.9 69.9 0.08
Gender 0.44
     Male 187 (53%) 64 (49%) 123 (54%)
     Female 169 (47%) 65 (51%) 104 (46%)
Mean BMI 26.6 25.7 27.1 0.02
ECOG       0.005
    0 254 (73%) 78 (64%) 176 (78%)  
    1 86 (25%) 42 (35%) 44 (19%)  
    2 7 (2%) 1 (1%) 6 (3%)  
Mean tumor size (cm) 3.1 2.9 3.2 0.09
Initial Resectable 254 (72%) 45 (35%) 209 (92%) < 0.001
Tumor size < 0.001
     T1 47 (13%) 22 (18%) 25 (11%)
     T2 91 (26%) 50 (40%) 41 (18%)
     T3 209 (60%) 50 (40%) 159 (70%)
     T4 4 (1%) 2 (2%) 2 (1%)
Overall Stage 0.001
     1 78 (22%) 41 (33%) 37 (16%)
     2 163 (46%) 55 (44%) 108 (48%)
     3 110 (32%) 28 (23%) 82 (36%)
Grade 0.10
     Well 36 (10%) 7 (6%) 29 (13%)
     Moderate 213 (61% 80 (66%) 133 (59%)
     Poor 98 (28%) 35 (29%) 63 (28%)
Nodes 0.02
     Positive 210 (59%) 65 (51%) 145 (64%)
     Negative 145 (41%) 63 (49%) 82 (36%)
Surgery 0.008
     Whipple 241 (68%) 98 (76%) 143 (63%)
     Distal Pancreas,    85 (24%) 19 (15%) 66 (29%)
splenectomy
     Total 30 (8%) 12 (9%) 18 (8%)
Lymphovascular Invasion 128 (39%) 31 (25%) 97 (46%) < 0.001
Perineural Invasion 269 (78%) 91 (73%) 178 (82%) 0.058
Margin 0.93
     R0 320 (90%) 115 (89%) 205 (90%)
     R1 34 (9%) 13 (10%) 21 (9%)
     R2 2 (1%) 1 (1%) 1 (1%)
Adjuvant chemotherapy 0.33
     Yes 203 (64%) 51 (43%) 152 (76%)
     No 116 (36%) 67 (57%) 49 (24%)
Median OS (months) 29.7 26.3 32 0.46

Table 1: Patient and tumor characteristics for patients stratified by initial treatment.

Figure 1: Overall survival stratified by neoadjuvant chemotherapy versus upfront 

surgery for PDAC.

vs. 63%) compared to those who required a distal pancreatectomy 
(15% vs. 29%) (P = 0.008). By histopathology, patients who did not 
receive NAC tended to have larger mean tumor size (3.2 cm vs. 
2.9 cm,  P = 0.09). and a higher rate of positive lymph nodes at the 
time of operation (64% vs. 51%,  P = 0.02). However, there was no 
difference in tumor grade or margin status at surgery. Additionally, 
patients who underwent upfront resection were more likely to 
receive adjuvant chemotherapy than those who received NAC 
(75% vs. 43%,  P < 0.01). Median overall survival, calculated from 
the time of diagnosis, was similar between patients who received 
NAC compared to those who did not (26.3 months vs. 32.0 months, 
P = 0.46) (Figure 1).
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Predictors of Overall Survival: A univariate analysis was 
performed to determine predictors of overall survival (Table 
2). Older age as a continuous variable, positive lymph nodes, a 
positive surgical margin, poor tumor grade, stage 3 disease, T3 or 
T4 tumors, perineural invasion, and perivascular invasion were all 
associated with worse OS (P < 0.05, all). The receipt of adjuvant 
chemotherapy was associated with improved OS (P < 0.05). NAC 
was not associated with improved OS (Figure 1). On multivariate 
analysis, only positive lymph nodes and T3 or T4 tumors remained 
significant predictors of worse OS, while the receipt of adjuvant 
chemotherapy was associated with improved OS (P < 0.05, all).

We also evaluated OS when stratified by upfront resectable patients 

or borderline/locally advanced patients (Figure 2). OS survival was 
not significantly different for upfront resectable patients based on 
treatment (P = 0.22) or borderline resectable/locally advanced 
patients based on treatment (P = 0.17). We further analyzed 
overall survival stratified by treatment and node status at the time 
of surgery. Improved OS was seen for patients with node-negative 
disease who did not receive NAC (median survival, 30 months vs. 
18 months, P = 0.006) (Figure 3). Improved OS was also seen for 
patients with node-positive disease who underwent surgery first 
(median survival, 17.5 months vs. 13.0 months, P = 0.05) (Figure 
3). Improved survival was observed in all patients who received 
chemotherapy, either before or after surgery, compared with 
those who underwent surgery alone (Figure 4).

Univariate Multivariate

Factor Hazard Ratio (95% CI) P-Value Hazard Ratio (95% CI) P-Value

Age (continuous) 1.01 (1.0–1.03) 0.046 1.01 (0.99–1.03) 0.07

Male Gender 1.21 (0.94–1.57) 0.13 - -

Positive Lymph Nodes 2.6 (1.9–3.4) < 0.001 1.77 (1.17–2.66) 0.006

Positive Margin 2.0 (1.42–2.84) < 0.001 1.32 (0.85–2.05) 0.21

Stage 3 disease (vs Stage 1/2) 2.4 (1.85–3.2) < 0.001 1.39 (0.96–2.0) 0.07

Poor grade (vs well/moderate) 1.6 (1.2–2.2) 0.001 1.21 (0.86–1.69) 0.25

T3/T4 tumor (vs T1/T2) 1.8 (1.4–2.4) < 0.001 1.62 (1.13–2.3) 0.008

Perineural invasion (PNI) 2.2 (1.5–3.2) < 0.001 1.5 (0.96–2.4) 0.07

Perivascular invasion (LVI) 2.1 (1.6–2.8) < 0.001 1.33 (.094–1.89) 0.10

Adjuvant chemotherapy 0.73 (0.55–0.98) 0.03 0.51 (0.37–0.71) < 0.001

Initially resectable disease 0.85 (0.64–1.1) 0.26 - -

Neoadjuvant chemotherapy 1.07 (0.82–1.4) 0.59 - -

Table 2 : Univariate and Multivariate Predictors of Overall Survival in the Patient Cohort.

A) B)

Figure 2: Overall survival stratified by neoadjuvant chemotherapy versus upfront surgery for PDAC for both (A) upfront resectable patients and (B) Locally advanced/borderline 

patients (P-value?).
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Figure 3: Overall survival stratified by neoadjuvant chemotherapy or upfront surgery for PDAC for both (A) node negative disease on pathology and (B) node positive disease 

on pathology.

A) B)

Figure 4: Impact of timing of chemotherapy with overall survival, compared to 

surgery alone.

Survival by Overall Stage: Patient demographics and perioperative 
characteristics are given for patients depending on treatment with 
or without neoadjuvant chemotherapy and split by overall TNM 
stage for both stage I and stage II patients (Table 3A, Table 3B), 
in order to evaluate the impact of NAC on early-stage tumors. Of 
note, five patients had a complete response after chemotherapy 

and were given a stage 0 diagnosis, while stage III disease was 
diagnosed in 110 patients who underwent operative resection, 
including 82 patients who received NAC.

Seventy-eight patients (23%) had stage I disease based on TNM 
stage, and 41 patients received NAC. There was no significant 
difference in age or gender between Stage I patients who received 
adjuvant chemotherapy. For patients with Stage I disease based 
on histopathological assessment at the time of surgery, tumor 
grade differed between the groups, but there was otherwise no 
difference in grade, lymph node status, or tumor size. Patients 
who first underwent surgery were more likely to receive adjuvant 
chemotherapy (P < 0.01). Median overall survival for patients with 
stage I disease who underwent NAC was significantly shorter 
than that of patients who did not (18.0 months vs. 36.5 months,  
P = 0.004).

Stage II disease was diagnosed in 163 patients (46%), including 
55 patients who received NAC (Table 2). There was no significant 
difference in age or gender between Stage II patients who received 
adjuvant chemotherapy. Patients who underwent NAC were 
significantly more likely to have a lower T-stage, but there was no 
difference in average tumor size, tumor grade, or positive lymph 
nodes on pathology. Patients who first underwent surgery were 
more likely to receive adjuvant chemotherapy (P < 0.01). Median 
overall survival for patients with stage II disease was significantly 
shorter in patients who underwent NAC (16.5 months vs. 18.4 
months,  P = 0.04).
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Characteristic Neoadjuvant Chemotherapy 
(n = 37)

No neoadjuvant Chemotherapy
(n = 41)

P-value

Male gender 19 (51%) 23 (56%) 0.82

Nodes

     Positive 0 (0%) 0 (0%) 0.99

     Negative 37 (100%) 41 (100%)

Grade 0.01

     Poor/Undiff 4 (11%) 7 (18%)

     Moderate 22 (59%) 31 (77%)

     Well 11 (30%) 2 (5%)

Average Tumor size (cm) 2.5 2.5 0.99

Tumor size 0.25

     T1 19 (51%) 15 (37%)

     T2 18 (49%) 26 (63%)

     T3 0 (0%) 0 (0%)

     T4 0 (0%) 0 (0%)

Adjuvant chemotherapy 10 (26%) 27 (73%) < 0.01

Table 3(A) : Characteristics of patients with Stage 1 tumors based on treatment with surgery first or neoadjuvant chemotherapy.

Characteristic Neoadjuvant chemotherapy
(n = 55)

No neoadjuvant Chemotherapy
(n = 108)

P-value

Male gender 29 (52%) 49 (45%) 0.41

Nodes

     Positive 37 (67%) 64 (59%) 0.39

     Negative 18 (33%) 44 (41%)

Grade 0.40

     Poor/Undiff 19 (35%) 31 (29%)

     Moderate 32 (59%) 62 (58%)

     Well 3 (6%) 13 (13%)

Average Tumor size (cm) 2.9 3.1 0.32

Tumor size < 0.01

     T1 6 (11%) 5 (4%)

     T2 17 (31%) 15 (14%)

     T3 32 (58%) 88 (81%)

     T4 0 (0%) 0 (0%)

Adjuvant chemotherapy 51 (34%) 75 (79%) < 0.01

Table 3(B) : Characteristics of patients with Stage 2 tumors based on treatment with surgery first or neoadjuvant chemotherapy.

Discussion
Pancreatic cancer remains a difficult disease to effectively treat, 
given the high risk of systemic recurrence. Surgery offers the best 
chance for meaningful long-term survival and even cure, but the 
majority of surgical patients will recur with distant disease within 
3 years of an operation [2,3]. This creates a strong need for a 
multimodal approach to PDAC treatment, including. 

improved methods to stratify patients at highest risk for recurrence 
to chemotherapy and radiation therapy. In addition, the decision 
to offer additional adjuvant chemotherapy is often based upon 

the histopathology of a tumor at the time of surgical resection. 
However, this can be difficult to assess accurately in patients who 
have responded to NAC, which can shrink the tumor and eradicate 
nodal disease.

Several significant differences were noted in the demographics 
of patients who underwent NAC compared with those who 
underwent immediate surgery. Patients who received NAC had 
a higher ECOG than patients who underwent surgery first. This 
may have been to give time to assess a tumor’s biology prior to 
undergoing a major pancreas operation, given the potential risk 

Clinical Surgery Journal

Infact Publications LLC Page 6

ISSN: 2767-0023



of morbidity and mortality. In addition, patients who underwent 
NAC were more likely to have smaller tumors at the time of 
surgical resection, likely related to a treatment effect in which 
the chemotherapeutic agent was able to successfully shrink the 
tumor. Similarly, patients undergoing NAC were less likely to have 
positive lymph nodes detected at the time of surgery, which was 
also likely due to the treatment effect. None of these differences 
were unexpected and reflected the benefits that NAC can often 
provide prior to surgery, namely decreasing tumor burden to allow 
for resection, but can also cause the confounding issue of stage 
migration when comparing by stage.

This study highlights the survival differences based on overall 
TNM stage, tumor size, and nodal status stratified by the receipt 
of NAC. Patients who underwent NAC had significantly decreased 
median survival after surgery compared to patients who did 
not receive preoperative therapy, both overall and in several of 
the categories identified, including node-negative (N0) disease, 
node-positive (N1) disease, or early-stage disease (1 or 2). 
Interestingly, this was despite the fact that in all demographic 
groups, patients who underwent NAC were more likely to have 
factors independently associated with better survival, such 
as smaller tumor size or negative lymph nodes. This does not 
suggest that NAC is associated with poor survival; rather, TNM 
staging may not accurately predict overall survival based solely 
on stage, particularly when neoadjuvant therapies are considered. 
Survival is likely based on stage at diagnosis for patients who 
undergo NAC rather than the stage based on histopathology at 
surgery, and should be recognized when considering a patient 
for additional postoperative chemotherapy. In addition, this study 
demonstrated the importance of receiving chemotherapy at any 
point (either before or after surgery), as patients who did not 
receive any chemotherapy had the worst survival.

There are several limitations to this study. First, this study is a 
retrospective review, which has the potential to underestimate 
certain variables, including the rate of adjuvant chemotherapy in 
patients who choose to receive follow-up care at an institution 
closer to their home. Furthermore, the specific NAC administered 
was decided upon by an individual’s medical oncologist, and the 
wide variety of chemotherapeutic agents used may create an 
unidentified bias in overall survival. Additionally, no survival data 
were available for patients with unresectable or locally advanced 
tumors that underwent NAC but did not respond sufficiently to 
allow for surgical resection. It is likely that compared to this group, 
patients who underwent NAC and subsequent resection would 
demonstrate a significant survival benefit.

In conclusion, this study assessed the ability of the TNM staging 
system based on histopathology at the time of surgical resection 
to predict overall survival in patients with PDAC receiving NAC. 
Patients who underwent NAC had significantly decreased overall 
median survival compared to patients going straight to surgery, 
including when stratified by tumor size, nodal status, and overall 

stage. Survival is likely based upon stage at diagnosis and not 
at resection for patients undergoing NAC. Surgeons should be 
aware that patients with negative nodes or small tumor size after 
NAC and surgical resection should still be encouraged to receive 
adjuvant chemotherapy. Future studies are needed to determine 
the most predictive methods for assessing and predicting overall 
survival in patients receiving neoadjuvant chemotherapy.
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