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Introduction

Pancreatic ductal adenocarcinoma is among the most 
lethal malignancies, responsible for approximately 38,460 
deaths in 2013 alone (1). Even for patients with early 
stage, resectable disease, survival rates remain poor. Due to 
aggressive tumor biology and likely undetected metastatic 
disease at the time of resection, only 22% of patients with 

pancreatic cancer survive beyond 5 years despite modern 
multimodality treatment approaches (2,3). 

Pancreatic adenosquamous carcinoma (PASC) is a 
rare, yet particularly aggressive subtype of pancreatic 
adenocarcinoma, accounting for only 1-4% of exocrine 
pancreatic cancers (4-8). PASC is characterized by the 
histopathologic presence of both ductal adenocarcinoma 
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and squamous carcinoma elements in a single tumor. Strict 
classification of PASC is dependent on the presence of ≥30% 
malignant keratinized squamous cell elements mixed with 
ductal adenocarcinoma (9), though a lower percentage of 
squamous component (<30%) in PASC does not appear to 
be associated with improved clinical prognosis (10). Median 
overall survival for PASC patients undergoing curative-
intent resection has been previously reported to be only  
11 months compared to 18 months for resected pure ductal 
adenocarcinoma at the same institution (11). Additionally, 
patients with PASC tend to have larger tumors that are more 
often poorly differentiated with lymph node involvement as 
compared to patients with pure adenocarcinomas (12).

Optimal management and prognostic factors for 
improved outcomes are poorly defined give the rarity of this 
morphological variant (13). Surgical resection appears to 
improve survival in some studies (7,13,14); however, others 
report median survivals of less than 6 months following 
resection (15-17). One large series of PASC patients failed 
to demonstrate a significant association between the use of 
adjuvant radiation or chemotherapy and improved survival; 
however, this study was unable to account for performance 
status at the time of treatment (12). On the other hand, 
our group previously demonstrated a survival benefit with 
the use of chemoradiation therapy following resection in 
patients with PASC (10). Additional investigations of the 
efficacy of adjuvant chemoradiation are limited to anecdotal 
studies (6-8,14,18-20).

The approach to selecting a chemotherapy agent for 
the treatment of PASC is similar to that for pancreatic 
adenocarcinoma, employing gemcitabine alone or in 
combination with capecitabine, erlotinib, 5-fluorouracil  
(5-FU), or platinum-based antineoplastic agents (21,22). 
The combination of gemcitabine and platinum-based 
agents is based on the rationale of a synergistic effect when 
the two drugs are delivered together. In preclinical studies, 
cisplatin increased the incorporation of gemcitabine into 
DNA, inhibiting replication and promoting apoptosis, 
whereas gemcitabine increased the frequency and inhibited 
the repair of DNA lesions caused by cisplatin (23-25).

Platinum-based agents have demonstrated improved 
outcomes in squamous cell cancers in other tumor sites such 
as the esophagus (26,27), head and neck (28-31), and ovary 
(32-35). The addition of cisplatin to gemcitabine as first-line 
therapy for pancreatic cancer, however, failed to demonstrate 
improved survival in patients with diverse histological 
subtypes in two Italian randomized trials (36,37). Reports 
of the efficacy of platinum-based agents for PASC, though 

promising, have also been limited to case reports (38,39). The 
goal of this study is to specifically assess whether the addition 
of a platinum-based antineoplastic agent to the adjuvant 
treatment regimen is associated with improved survival when 
compared to standard adjuvant therapy.

Materials and methods

Patient selection

This study was designed as a retrospective chart review 
approved by the Johns Hopkins Institutional Review 
Board. The records of all pancreatic cancer patients who 
underwent surgical resection with curative intent at our 
institution from 1986 through 2012 were reviewed to 
identify patients whose pancreatic carcinoma specimens 
demonstrated any amount of squamous differentiation 
based on the finalized surgical pathology report. This 
process identified 69 patients with a pathologic diagnosis 
of PASC or adenocarcinoma with squamous differentiation 
(these two entities were considered the same and will, from 
hereon, be referred to simply as PASC).

These 69 cases comprised only 1.2% of the 5,627 total 
patients who underwent pancreatectomy for biopsy-proven 
or presumed pancreatic cancer during the 26-year time 
period we examined. Study inclusion criteria consisted of 
the following: age ≥18 years, Eastern Cooperative Oncology 
Group (ECOG) performance status of 0-2, documentation 
of squamous differentiation in the surgical pathology 
report, localized PASC post resection, and patient follow-up 
to assess adjuvant therapy. Seven (10%) of the 69 patients 
with PASC identified by our chart review were excluded 
from the final analysis—three patients as a result of distant 
metastasis to the liver during surgical resection and four 
due to lack of any follow-up after surgical resection. The 
final study therefore includes 62 patients diagnosed with 
non-metastatic PASC following curative resection. Of these 
62 patients, 48 (77%) had histologic slides available for re-
review by a single pathologist to ensure that a squamous 
component was present; in all 48 cases, pathologic re-review 
confirmed the presence of squamous differentiation. 

Data collection

Demographic, tumor resection specimen, and treatment 
characteristics were obtained from the electronic medical 
record and/or paper chart for each patient. Additional data 
were obtained in regard to potential prognostic factors 
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identified in previously published reports (4-8,10-15,18-20).  
Patient-specific variables included age, sex, and ECOG 
performance status. Variables specific to the tumor resection 
specimen included maximum tumor diameter, histologic 
grade, tumor (T) stage, lymph node involvement, margin 
status, lymphovascular invasion, and perineural invasion. 
Treatment parameters consisted of chemotherapy regimens 
received (both alone and in combination with radiation, 
if applicable), type of platinum-based chemotherapy 
agents received, the number of cycles of platinum-based 
chemotherapy received (if applicable), and the radiation 
dose received (if applicable).

Statistical analysis

Demographic, tumor resection specimen, and therapy 
characteristics were summarized using descriptive statistics. 
Proportions were compared between groups using Fisher’s 
exact test, while continuous data (age, tumor diameter, and 
radiation dose) were compared between groups using the 
Mann-Whitney U test. Median survival was the primary 
outcome of interest. Survival for each patient was calculated 
from the date of histopathologic diagnosis to the date of 
death. In cases where the subject remained alive at the date 
of last follow-up, survival was censored at that date. Survival 
probabilities were estimated using Kaplan-Meier statistics (40).  
Univariate Cox regression analyses were employed to assess 
for associations between potential prognostic factors and 
survival. Factors demonstrating a statistically significant 
association with survival (P<0.05) or a trend towards 
association with survival (P<0.10) on univariate analysis, 
along with factors of accepted clinical importance (age, sex, 
performance status), were selected as covariates to construct 
multivariate proportional hazards regression models for 
survival (41). These models were used to estimate the hazard 
ratio (HR) for death attributable to each covariate using 
backward elimination. The a priori level of significance was set 
at P≤0.05 and P values were reported as two-sided in all cases. 
Statistical analyses were performed using SPSS software, 
version 20 (International Business Machines Corporation, 
Armonk, NY, USA).

Results

Patients

Overall, 62 patients with PASC were included in the 
analysis. Demographic, baseline disease, and treatment 

characteristics are summarized in Table 1. The median age 
of the entire cohort was 68 years, 56% were male, and 
most patients (79%) had an ECOG performance status 
of 0 at baseline. Median tumor diameter at resection was  
4.0 cm, with most tumors being poorly differentiated 
(82%), pathologic T3 stage (66%), and demonstrating  
high-risk features including lymph node involvement (77%), 
lymphovascular invasion (74%), and perineural invasion 
(84%). Positive resection margins occurred in 29% of cases 
and 63% of patients went on to receive adjuvant therapy 
following resection.

Survival

Fifty of the 62 patients (81%) had died at the time of the final 
analysis. Median follow-up was 10.3 months [interquartile 
range (IQR), 3.9-15.9] from diagnosis among all patients 
and 10.6 months (IQR, 4.9-20.8) among patients remaining 
alive at last follow-up. Median survival for the entire cohort 
(n=62) was 11.0 months [95% confidence interval (CI), 8.7-
13.3] (Figure 1A). To better elucidate the factors driving 
prognosis in PASC, univariate Cox regression analyses 
were performed to assess for associations between possible 
prognostic factors and survival (Table 2). Six factors were 
significantly associated with worse survival on univariate 
analysis: older age, no receipt of adjuvant therapy, lymph 
node involvement, positive resection margin, lymphovascular 
invasion, and perineural invasion (see Table 2 for HRs, 95% 
CI, and P values associated with each factor). These six 
factors showing a significant association with survival on 
univariate analysis along with clinically important factors (sex 
and ECOG performance status) were used to construct a 
multivariate proportional hazards model for survival among 
patients with PASC. Backward elimination yielded the 
following four factors remaining in the model, listed in order 
of HR magnitude (Table 2, bottom): lack of adjuvant therapy  
(HR =3.6; 95% CI, 1.8-7.0; P<0.001), positive margin at 
resection (HR =3.5; 95% CI, 1.8-6.8; P<0.001), pathologic 
lymph node involvement at resection (HR =3.5; 95% CI, 1.5-
8.2; P=0.004), and age as a continuous variable (HR =1.0; 
95% CI, 1.0-1.1; P=0.035). Therefore, survival among our 
cohort of patients with resected PASC appears to be most 
strongly influenced by whether or not adjuvant therapy was 
received (Figure 1B). 

Adjuvant therapy 

Thirty-nine of the 62 patients (63%) received adjuvant 
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Table 1 Demographic, baseline disease, and treatment characteristics for the entire cohort (n=62) and broken down by whether or not 
patients received adjuvant therapy following surgical resection

Characteristic
All patients 

(n=62)

Patients who received 

adjuvant therapy (n=39)

Patients who did not receive 

adjuvant therapy (n=23)
P value

Demographic data

Age: median [IQR] 68 [57-77] 67 [55-76] 68 [65-80] 0.107

Age ≥65 years: No. (%) 38 [61] 21 [54] 17 [74] 0.177

Gender: No. male (%) 35 [56] 23 [59] 12 [52] 0.791

ECOG performance status ≥1: No. (%) 13 [21] 10 [26] 3 [13] 0.338

Tumor resection specimen data

Tumor diameter: median centimeters (IQR) 4.0 (3.0-6.0) 4.5 (3.5-6.0) 4.0 (3.0-6.3) 0.645

Tumor diameter: No. >3 cm [%] 45 [73] 30 [77] 15 [65] 0.383

Histologic grade

No. well differentiated [%] 0 [0] 0 [0] 0 [0] –

No. moderately differentiated [%] 11 [18] 6 [15] 5 [22] 0.732

No. poorly differentiated [%] 51 [82] 33 [85] 18 [78] 0.732

Tumor stage

No. T2 [%] 10 [16] 7 [18] 3 [13] 0.731

No. T3 [%] 41 [66] 24 [62] 17 [73] 0.409

No. T4 [%] 11 [18] 8 [21] 3 [13] 0.516

Lymph node involvement at resection: No. [%] 48 [77] 31 [79] 17 [74] 0.755

Positive margin at resection: No. [%] 18 [29] 11 [28] 7 [30] 0.999

Lymphovascular invasion present: No. [%] 46 [74] 28 [72] 18 [78] 0.765

Perineural invasion present: No. [%] 52 [84] 31 [79] 21 [54] 0.298

The right-most column shows P values for statistical comparison of each characteristic between patients who did (n=39) and did 

not (n=23) receive adjuvant therapy in the form of chemoradiation or chemotherapy alone. IQR, interquartile range; No., number; 

ECOG, Eastern Cooperative Oncology Group; cGy, centiGray.

Figure 1 (A) Kaplan-Meier plot of survival for all patients included in the study (n=62); (B) Kaplan-Meier plot of survival stratified by 
whether patients received adjuvant therapy following tumor resection (blue curve) or not (red curve). Vertical tick marks represent censored 
patients. The P value is derived from univariate Cox regression analysis.
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therapy following resection. Demographic and treatment 
characteristics for the adjuvant therapy group are 
summarized separately in Table 3. In all 39 cases, adjuvant 
therapy included chemotherapy, which was 5-FU-based 
only in 15% of patients, gemcitabine-based only in 36%, 
and included both 5-FU- and gemcitabine-based regimens 
in 49% due to progression through one regimen type 
and subsequent salvage therapy with the other. Fourteen 
patients (36%) received a platinum-based chemotherapy 
agent for at least two cycles at some point following 
surgical resection, while 25 patients (64%) did not. Of 
the 14 patients who received a platinum agent, 10 (71%) 
received cisplatin and 4 (29%) received oxaliplatin; 12 (86%) 
received the platinum agent as part of their initial adjuvant 

chemotherapy regimen following resection whereas 2 (14%) 
received the platinum agent as part of salvage therapy 
after developing disease progression on a prior regimen. 
Specific regimens received included: (I) gemcitabine (600-
1,000 mg/m2 weekly)/cisplatin (20-30 mg/m2 weekly) for 
9 patients; (II) 5-FU (1,800 mg/m2 continuous infusion 
biweekly)/irinotecan (120 mg/m2 biweekly)/oxaliplatin  
(64 mg/m2 biweekly) for 2 patients; (III) capecitabine  
(1,000 mg PO twice daily)/oxaliplatin (100 mg/m2 biweekly) 
for one patient; (IV) gemcitabine (1,000 mg/m2 weekly)/
oxaliplatin (100 mg/m2 biweekly) for one patient; and 
(V) cisplatin (80 mg/m2 biweekly)/irinotecan (70 mg/m2 
biweekly) for one patient. Median number of cycles received 
that included a platinum agent was 6 (range, 2-8; IQR, 3-6.5) 
among these 14 patients. Twenty-five of the 39 patients 
(64%) also received concurrent chemoradiation as an 
element of adjuvant therapy, with the median radiation dose 
received being 5,040 cGy and the concurrent chemotherapy 
agent being 5-FU or capecitabine in 84% and gemcitabine 
in 16%.

Median survival was 13.9 months (95% CI, 10.4-17.3) 
among patients who received adjuvant therapy (n=39) 
compared to 6.8 months (95% CI, 0.3-13.3) among patients 
who did not (n=23; P=0.013) (Figure 1B). There were no 
significant differences in demographic or baseline disease 
characteristics between patients who did and did not receive 
adjuvant therapy following resection (all P>0.05) (Table 1), 
rendering confounding by any of these variables less likely.

However, the association of adjuvant therapy with 
improved outcomes could be reflecting a survival bias, as 
patients who survive sufficiently may be the only ones to 
undergo adjuvant therapy. To eliminate this potential bias 
and test our hypothesis that certain antineoplastic therapies 
may be particularly effective against PASC, survival analysis 
was repeated for the 39 patients (63%) who received 
adjuvant therapy. Twenty-nine of the 39 patients (74%) 
who received adjuvant therapy had died at the time of 
analysis. Median follow-up was 12.7 months (IQR, 7.9-18.9) 
from diagnosis among all patients and 10.6 months (IQR,  
7.2-18.7) among patients remaining alive at last follow-up. 
As stated above, the median survival for the entire adjuvant 
therapy cohort (n=39) was 13.9 months (95% CI, 10.4-17.3) 
(Figure 2A).

To identify specific factors driving prognosis in patients 
receiving adjuvant therapy for PASC, univariate Cox 
regression analyses were once again performed to assess for 
associations between possible prognostic factors and survival 
(Table 4). Five factors demonstrated a significant association 

Table 2 Univariate and multivariate associations between 
patient characteristics and survival

Characteristic
Hazard ratio 

(95% CI)
P value

Univariate associations

Age: ≥65 vs. <65 2.1 (1.2-3.9) 0.014*

Age: continuous 1.0 (1.0-1.1) 0.009*

Gender: female vs. male 0.9 (0.5-1.6) 0.771

ECOG: ≥1 vs. 0 1.2 (0.6-2.4) 0.565

Histologic grade: poorly differentiated 

vs. other

1.2 (0.6-2.5) 0.610

Tumor diameter: maximum cm 

(continuous)

1.1 (1.0-1.2) 0.202

Tumor diameter: >3 vs. ≤3 cm 1.2 (0.6-2.2) 0.636

Adjuvant therapy received: no vs. yes 2.1 (1.2-3.8) 0.013*

Lymph node involvement at resection: 

yes vs. no

2.3 (1.0-4.9) 0.038*

T stage: T2 vs. ≥T3 0.9 (0.4-1.9) 0.800

Positive margin at resection: yes vs. no 2.1 (1.1-3.9) 0.016*

Lymphovascular invasion: yes vs. no 2.2 (1.1-4.5) 0.027*

Perineural invasion: yes vs. no 3.2 (1.3-8.3) 0.013*

Multivariate associations

Adjuvant therapy received: no vs. yes 3.6 (1.8-7.0) <0.001*

Positive margin at resection: yes vs. no 3.5 (1.8-6.8) <0.001*

Lymph node involvement at resection: 

yes vs. no

3.5 (1.5-8.2) 0.004*

Age: continuous 1.0 (1.0-1.1) 0.035*

*, P<0.05. For categorical variables, the second group is the 

reference group for the Cox proportional hazard analysis. CI, 

confidence interval; ECOG, Eastern Cooperative Oncology Group.
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Table 3 Demographic, baseline disease, and treatment characteristics for the cohort of patients who received adjuvant therapy (n=39) and 
broken down by whether or not patients received a platinum chemotherapy agent as part of adjuvant therapy following surgical resection

Characteristic

All patients who 

received adjuvant 

therapy (n=39)

Patients who received 

a platinum agent for ≥2 

cycles (n=14)

Patients who did not 

receive a platinum agent 

for ≥2 cycles (n=25)

P value

Demographic data

Age: median interquartile range [IQR] 67 [55-76] 62 [53-69] 73 [57-77] 0.128

Age ≥65 years: [%] 21 [54] 6 [43] 15 [60] 0.337

Male [%] 23 [59] 10 [71] 13 [52] 0.317

ECOG performance status ≥1 [%] 10 [26] 2 [14] 8 [32] 0.279

Baseline tumor data

Tumor diameter: median centimeters (IQR) 4.5 (3.5-6.0) 4.0 (3.1-5.0) 5.0 (3.5-6.0) 0.196

Tumor diameter >3 cm [%] 30 [77] 10 [71] 20 [80] 0.696

Histologic grade

Well differentiated [%] 0 [0] 0 [0] 0 [0] –

Moderately differentiated [%] 6 [15] 2 [14] 4 [16] 0.999

Poorly differentiated [%] 33 [85] 12 [86] 21 [84] 0.999

Tumor stage

T2 [%] 7 [18] 3 [21] 4 [16] 0.686

T3 [%] 24 [62] 8 [57] 16 [64] 0.740

T4 [%] 8 [21] 3 [21] 5 [20] 0.999

Lymph node positive [%] 31 [79] 10 [71] 21 [84] 0.424

Positive margins [%] 11 [28] 2 [14] 9 [36] 0.266

Lymphovascular invasion [%] 28 [72] 7 [50] 21 [84] 0.033*

Perineural invasion [%] 31 [79] 9 [64] 22 [88] 0.109

Treatment data

Chemotherapy 39 [100] 14 [100] 25 [100] –

5-FU based only [%] 6 [15] 2 [14] 4 [16] 0.999

Gemcitabine based only [%] 17 [44] 8 [57] 10 [40] 0.314

Included both 5-FU & gemcitabine [%] 16 [41] 4 [29] 12 [48]

Included platinum agent at any point [%] 14 [36] 14 [100] – –

Cycles of platinum received: median (IQR) – 6 (3-6.5) – –

Concurrent chemoradiation [%] 25 [64] 10 [71] 15 [60] 0.729

5-FU† [%] 21 [84] 9 [64] 11 [44] 0.320

Gemcitabine [%] 4 [16] 1 [7] 3 [12] 0.999

Median radiation dose, cGy [IQR] 5,040 [5,000-5,040] 5,040 [5,040-5,040] 5,040 [5,000-5,040] 0.603
†, includes both infusional 5-fluorouracil and oral capecitabine; *, P<0.05. The right-most column shows P values for statistical 

comparison of each characteristic between patients who did (n=14) and did not (n=25) receive a platinum chemotherapy agent 

as part of adjuvant therapy. IQR, interquartile range; No., number; ECOG, Eastern Cooperative Oncology Group; cGy, centiGray; 

5-FU, 5-fluorouracil.
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Figure 2 (A) Kaplan-Meier plot of survival for all patients who 
received adjuvant therapy following tumor resection (n=39); 
(B) Kaplan-Meier plot of survival stratified by whether patients 
received ≥2 cycles of a platinum chemotherapy agent as part of 
their adjuvant therapy regimen (blue curve) or not (red curve). 
Vertical tick marks represent censored patients. The P value is 
derived from univariate Cox regression analysis.

Table 4 Univariate and multivariate associations between 
patient characteristics and survival among patients who received 
adjuvant therapy (n=39)

Characteristic 
Hazard ratio 

(95% CI)
P value

Univariate associations

Age: ≥65 vs. <65 1.7 (0.8-3.7) 0.154

Age: continuous 1.0 (1.0-1.1) 0.190

Gender: female vs. male 0.8 (0.3-1.7) 0.507

ECOG: ≥1 vs. 0 1.2 (0.5-2.7) 0.751

Histologic grade: poorly differentiated 

vs. other

1.1 (0.4-3.3) 0.827

Tumor diameter: maximum cm 

(continuous)

1.3 (1.1-1.7) 0.015*

Tumor diameter: >3 vs. ≤3 cm 2.2 (0.8-5.7) 0.123

5-FU based chemotherapy only: yes 

vs. no

2.2 (0.7-6.8) 0.152

Gemcitabine based chemotherapy 

only: yes vs. no

0.6 (0.3-1.5) 0.298

Both 5-FU and gemcitabine based 

chemotherapy: yes vs. no

1.4 (0.6-3.1) 0.382

Platinum agent received: no vs. yes 2.8 (1.2-6.6) 0.015*

Lymph node involvement at resection: 

yes vs. no

1.9 (0.7-5.5) 0.243

T stage: T2 vs. ≥T3 0.8 (0.3-2.0) 0.625

Positive margin at resection: yes vs. no 2.0 (0.9-4.5) 0.080

Lymphovascular invasion: yes vs. no 2.5 (1.0-6.3) 0.051

Perineural invasion: yes vs. no 2.3 (0.8-6.7) 0.130

Received chemoradiation: no vs. yes 2.0 (0.9-4.4) 0.079

Multivariate associations

Platinum agent received: no vs. yes 2.4 (1.0-5.8) 0.040*

Tumor diameter: maximum cm 

(continuous)

1.3 (1.0-1.6) 0.047*

*, P<0.05. For categorical variables, the second group is the 

reference group for the Cox proportional hazard analysis. CI, 

confidence interval; ECOG, Eastern Cooperative Oncology 

Group; 5-FU, 5-fluorouracil.
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(P<0.05) or a trend towards significant association (P<0.10) 
with survival on univariate analysis: tumor diameter as a 
continuous variable, receipt of a platinum agent as part of 
adjuvant therapy, positive resection margin, lymphovascular 
invasion, and receipt of chemoradiation as part of adjuvant 
therapy (see Table 4 for HRs, 95% confidence intervals, and 
p-values associated with each factor). Whether adjuvant 
chemotherapy was 5-FU-based only (HR =2.2; 95% CI,  
0.7-6.8; P=0.152), gemcitabine-based only (HR =0.6; 
95% CI, 0.3-1.5; P=0.298), or included both 5-FU and 
gemcitabine (HR =1.4; 95% CI, 0.6-3.1; P=0.382) did not 
significantly influence survival among patients receiving 
adjuvant chemotherapy (Table 4). The five factors listed 
above that demonstrated either a significant association or 

a trend toward significant association with survival along 
with factors of established clinical importance (age, sex, and 
ECOG performance status) were incorporated as covariates 
to create a multivariate proportional hazards model for 
survival among patients receiving adjuvant therapy for 
PASC. Backward elimination yielded the following two 
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factors remaining in the model (Table 4, bottom): whether 
or not a platinum agent was received as part of adjuvant 
therapy (HR =2.4; 95% CI, 1.0-5.8; P=0.040) and maximum 
tumor diameter as a continuous variable (HR =1.3; 95% CI, 
1.0-1.6; P=0.047). 

Consequently, the strongest independent predictor of 
survival among patients receiving adjuvant therapy for 
PASC in our cohort was whether or not a platinum agent 
was received for at least two cycles as part of adjuvant 
or salvage therapy (Figure 2B). Median survival for the 
platinum group was 19.1 months (95% CI, 13.8-24.4) 
compared to 10.7 months (95% CI, 7.9-13.5) for the non-
platinum group (P=0.015, log-rank test). Notably, there 
were no significant differences in demographic, baseline 
disease, or treatment characteristics between the group of 
14 patients who received a platinum agent and the group 
of 25 patients who did not receive a platinum agent, except 
that the non-platinum group did have a higher proportion 
of patients with lymphovascular invasion present in their 
tumor resection specimens than the platinum group 
(84% vs. 50%, respectively; P=0.033) (Table 3). Given that 
the presence of lymphovascular invasion was, however, 
accounted for by inclusion as a covariate in the multivariate 
model, it is less likely that this difference between the two 
groups confounds our results. Survival was not significantly 
different between the 10 patients who received cisplatin and 
the four patients who received oxaliplatin (median survival 
of 19.1 vs. 23.1 months, respectively, P=0.886).

Discussion

PASC is a rare variant of pancreatic adenocarcinoma that 
is associated with particularly poor survival. Furthermore, 
few studies have identified prognostic factors to guide 
the treatment and counseling of patients with PASC. 
Two of the largest and most recent studies, however, 
demonstrated an improved median survival among patients 
who underwent resection compared to those who were 
unresectable (~12 vs. 5 months, respectively) (12,13). 
Despite smaller, conflicting reports suggesting that 
resection does not prolong survival, it is general practice 
at most major institutions to attempt resection when 
feasible. Interestingly, the proportion of squamous cell 
differentiation (<30% vs. ≥30%) also does not appear to be 
predictive of overall survival (10). Clinicopathologic factors 
such as tumor size, histologic grade, and resection margin 
status, which are historically found to be prognostic for 
patients with resected pure pancreatic adenocarcinoma, had 

not been previously associated with outcomes in patients 
with PASC (11,13) perhaps due to the overall aggressive 
nature of this morphological subtype or the small sample 
sizes in the previous investigations. Our study is the first to 
report an association between margin status and tumor size 
with improved survival among patients receiving adjuvant 
therapy for PASC.

The role of adjuvant therapy in the management of 
PASC is also debated. Our group previously reported that 
adjuvant chemoradiation was associated with improved 
survival (13.6 months) compared to surgery alone  
(8.6 months) (10). We reported that adjuvant chemoradiation 
was associated with improved survival in select subgroups, 
specifically patients with tumors ≥3 cm in diameter, poor 
differentiation, lymphovascular or perineural invasion, and 
squamous component of ≥30%. Adjuvant therapy consisting 
of either chemotherapy or radiation, however, did not 
predict improved survival in patients in a larger study (12), 
likely due to the inability to control for performance status 
as it was not documented in the dataset used by the authors 
of the study. Thus, the role of adjuvant therapy has not 
yet been well defined. Our study makes a convincing case 
for the value of adjuvant therapy in treating PASC, as the 
receipt of adjuvant therapy was the strongest independent 
predictor for improved survival among our cohort of 
patients. 

PASC has been reported to represent approximately 
1-4% of all pancreatic neoplasms (4-8), with some estimates 
as low as 0.4% (12). The 62 patients examined in this 
study represented only 1.1% of all patients undergoing 
pancreatectomy for pancreatic cancer at our institution 
from 1986 to 2012. Unlike patients with pancreatic 
adenocarcinoma, stage-specific treatment protocols do not 
exist for PASC given the rarity of the disease and, thus, 
the difficulty in practicing evidence-based medicine in this 
histologic subtype. Current evidence for optimal therapy is 
extremely limited and largely anecdotal; therefore, despite 
its retrospective design, this study represents a useful body 
of evidence for guiding adjuvant chemotherapy for PASC. 

In this study, the addition of cisplatin or oxaliplatin 
to gemcitabine- or 5-FU-based adjuvant chemotherapy 
was associated with significantly longer median survival 
compared to patients who did not receive a platinum 
agent. This association was confirmed in a multivariate 
proportional hazards model that adjusted for age, sex, 
and performance status as well as other factors showing 
univariate associations with survival (tumor diameter, 
positive resection margin, lymphovascular invasion, and 
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receipt of chemoradiation). These findings highlight the 
need for prospective investigation of platinum-containing 
adjuvant therapy regimens, and perhaps neoadjuvant 
regimens if adenosquamous histology is identified on a 
diagnostic fine-needle aspirate. Given the rarity of this 
histopathologic entity, multi-institutional collaboration will 
be necessary to make such investigation possible.

Though the optimal adjuvant regimen for patients with 
PASC cannot be determined from our results, the majority 
of patients (10 of 14) who received a platinum agent in our 
study did so in combination with gemcitabine, suggesting 
that this dual regimen may hold promise. The rationale 
for combining gemcitabine and a platinum-based agent 
for the treatment of PASC includes both clinical and 
basic laboratory data. Though performed among patients 
with pancreatic ductal adenocarcinoma, a phase III trial 
of gemcitabine vs. 5-FU maintenance chemotherapy 
following 5-FU-based chemoradiation showed a trend 
towards improved survival with gemcitabine (42). An 
earlier phase III trial in patients with advanced pancreatic 
ductal adenocarcinoma showed first-line gemcitabine 
chemotherapy yielded superior survival outcomes and 
clinical benefit (improved performance status and pain) 
compared to first-line 5-FU (43).

This study has several limitations. The retrospective 
design leads to potential inherent biases. As there was no 
standardization of chemotherapy doses and duration as well 
as a heterogeneous approach to salvage therapies, we are 
limited in the ability to recommend a specific chemotherapy 
regimen for management of PASC. Given the rarity of 
PASC, this single-institution study is small with only 62 
patients. As a result, the study may be underpowered 
to definitively identify all significant prognostic factors 
among those examined. For instance, receipt of adjuvant 
chemoradiation has been previously associated with 
significantly improved survival among patients with PASC 
(10,12). In our study, chemoradiation demonstrated a trend 
towards association with survival on univariate analysis, but 
not in the final multivariate proportional hazards model, 
likely due to the small number of patients and resulting 
lack of power to determine this association. Although this 
is the largest report on PASC, collaborative prospective 
investigation among large-volume centers is needed.

Conclusions

Independent predictors for survival among patients 
with PASC include receipt of adjuvant therapy, margin 

and lymph node status at resection, and patient age. 
Among patients who receive adjuvant therapy, the 
addition of a platinum agent to 5-FU- or gemcitabine-
based chemotherapy regimens appears to independently 
predict for improved survival. Given the lack of standard 
chemotherapy regimens for PASC, these findings suggest 
that an adjuvant combination chemotherapy regimen that 
includes gemcitabine and a platinum agent with or without 
radiation therapy could significantly improve outcomes for 
patients with this aggressive variant of pancreatic cancer and 
merits prospective investigation.
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