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Abstract

Purpose Adenosquamous carcinoma (ASC) of the pancreas is a rare malignancy, associated with a poor prognosis after
surgical resection, with reported median survival times (MSTs) ranging from 4.4 to 13.1 months. We conducted this study
to investigate the long-term outcomes of patients after the resection for ASC.

Methods Between 2002 and 2016, a total of 456 patients underwent resection for ASC or adenocarcinoma (AC) of the pan-
creas. ASC was confirmed in 17 (3.7%) of these patients. We analyzed the clinicopathological characteristics and survival
of these 17 patients in comparison with those of patients with AC of the pancreas.

Results The operative procedures performed were pancreaticoduodenectomy (n=6) and distal pancreatectomy (n=11).
Seven (41.2%) of the 17 patients underwent combined organ resection. RO resection was achieved in 16 (94.1%) patients.
The 5-year overall survival (OS) rate and MST were 40.3% and 20.9 months, respectively. A squamous component of > 60%
(P=0.001) and R1 resection (P < 0.001) were significantly associated with poor OS for patients with ASC

Conclusion This study revealed longer survival and a higher RO resection rate after aggressive combined resection in our
ASC patients than those in previous studies. Although this was only a small series, our findings suggest that local control

with aggressive resection may be an effective treatment protocol for ASC patients.

Keywords Pancreatic cancer - Adenosquamous carcinoma - Combined resection

Introduction

Among the gastrointestinal malignancies, pancreatic cancer
continues to be associated with a poor prognosis because
of its low rate of resectability. Surgical treatment provides
the only chance of cure for patients with pancreatic cancer;
however, fewer than 20% of patients have localized tumors
that are potentially curable at the time of diagnosis [1-3].
Adenocarcinoma (AC) of the pancreas is the most common
type of pancreatic cancer, whereas adenosquamous carci-
noma (ASC) of the pancreas is a rare malignancy of the
exocrine pancreas and a histological variant of pancreatic
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ductal adenocarcinoma. ASC accounts for 0.6-4% of pan-
creatic exocrine tumors [4—7]. The pancreatic body and tail
are the most frequent sites of ASC, and ASC also tends to be
larger in diameter than AC [5]. Surgery is more frequently
performed for ASC than for AC [5], with an RO resection
rate of 58—-67% [8-10]. Previous series have demonstrated
a poor prognosis after surgical resection for ASC, with a
median survival time (MST) of 4.4—-13.1 months [4-11]. In
a population-based review, patients with ASC had a similar
survival time to those with AC [4]; however, the median sur-
vival time of those with ASC was approximately 12 months.
In the largest previously published review, negative lymph
node metastasis, RO resection, and a history of adjuvant
chemotherapy were reported to be independently associated
with better overall survival following surgical resection [12].

The long-term outcomes after surgical treatment for ASC
of the pancreas have not been clarified because of the rarity
of the disease. To achieve RO resection, we perform aggres-
sive excision, including vascular and organ resection, in our
institution. The aim of the present study was to evaluate
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the long-term outcomes of patients with ASC vs. those of
patients with AC of the pancreas, following aggressive sur-
gical resection.

Methods
Patient selection

We conducted a retrospective review, based on a prospec-
tively collected database, of 469 patients who underwent
surgical resection of AC or ASC of the pancreas, with cura-
tive intent, at the Shizuoka Cancer Center, between Sep-
tember, 2002 and December, 2016. After the exclusion of
13 patients who received neoadjuvant therapy, 456 patients
were included in the final analysis. The confirmed pathologi-
cal diagnoses were AC of the pancreas (n=439) and ASC
of the pancreas (n=17; 3.7%). The study was approved by
the institutional review board of the Shizuoka Cancer Center
(30-J98-30-1-3).

Pre-operative assessment

Pre-operative examinations were conducted using multi-
detector-row computed tomography (MDCT) and ultra-
sonography (US). Magnetic resonance imaging and
18F-fluorodeoxyglucose positron-emission tomography
were also performed, when necessary [13, 14]. Resectable
pancreatic cancer was defined as follows: the absence of dis-
tant metastasis, no evidence of tumor extension to the supe-
rior mesenteric artery (SMA) or hepatic artery in pancreatic
head cancer, and no evidence of tumor extension to the SMA
in pancreatic body and tail cancer. Patients with resectable
pancreatic cancer underwent up-front surgery (except for
those included in the JASPAC 04 study; UMIN000014894).
Patients with borderline resectable pancreatic cancer
received neoadjuvant chemotherapy or chemoradiotherapy.
Acceptable forms of combined resection included vascular
resection (portal vein, aberrant hepatic artery) and organ
resection (stomach, colon, kidney, left adrenal gland, and
diaphragm). Distal pancreatectomy (DP) with celiac axis
resection (DP-CAR) was considered appropriate surgery for
pancreatic body/tail cancer [15].

Surgery and follow-up

Our standard method of pancreatoduodenectomy (PD) was
followed by reconstruction using a modification of Child’s
method [16]. DP procedures consisted of en bloc resection
of the distal pancreas and spleen. Combined adjacent organ
or vascular (artery and portal vein) resection was performed
if macroscopic invasion was confirmed during surgery.
Prophylactic organ or vascular resection as a non-touch
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technique was not performed. The cut margin of the pancreas
was examined using frozen sections. If the resected margin
was positive, then additional resection of the pancreas was
performed when applicable. The regional and peripancreatic
lymph nodes were dissected routinely.

Staging and resection status of the specimens were
defined according to the UICC classification (seventh edi-
tion) [17]. The standardization of the R status has been
described previously [16]. Patients were followed up with
imaging examinations and the measurement of tumor mark-
ers every 3—6 months after surgery. Recurrence was diag-
nosed based on radiological or histological evidence. The
survival time was defined as the interval between the date
of surgery and the date of the last follow-up examination.
The median length of follow-up in the censored patients was
41.5 months.

Statistical analyses

Some of the continuous variables are expressed as medians
with ranges and compared using the Mann—Whitney U test.
The categorical variables were compared using the Chi-
squared test or Fisher’s exact test, as appropriate. Survival
curves were generated using the Kaplan—-Meier method, and
differences in survival were compared using a log-rank test.
The variables identified as potentially significant accord-
ing to univariate analyses were subsequently chosen for
multivariate analyses using the Cox proportional hazards
model, to identify any independent predictors of survival.
All tests were two sided. P values of <0.05 were consid-
ered to indicate significance. All of the statistical analyses
were performed using the Statistical Package for the Social
Sciences software program (version 21.0J, IBM Japan Inc.,
Tokyo, Japan).

Results

Table 1 summarizes the details of the surgical procedures
and survival outcomes of the 17 patients with ASC of the
pancreas. PD was performed in 6 of these patients and
DP was performed in 11. Combined other organ resection
and vascular resection were performed in nine patients
(52.9%) and seven patients (41.2%), respectively. Eight
patients (47.1%) suffered post-operative morbidity of Cla-
vien—Dindo classification > 3a with a median hospital stay
of 19 (7-47) days. The RO resection rate was 94.1%. Four
patients survived for more than 5 years after surgical resec-
tion without evidence of recurrence, including one patient
(no. 11) who underwent combined stomach, left diaphragm,
and left kidney resection (Fig. 1). Two patients who sur-
vived for more than 3 years after recurrence received long-
term chemotherapy (nos. 3 and 14). ASC was not diagnosed
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Fig. 1 Adenosquamous carcinoma in the pancreatic tail of a 52-year-
old man (patient no. 11). The tumor (arrow head) was 70 mm in
diameter and directly invaded the stomach, spleen, left kidney, and
left diaphragm (a). An intra-operative photograph after distal pan-
createctomy with en bloc proximal stomach, left diaphragm, and left
kidney (b). Stump pancreatic stump, SA splenic artery, PV/SMV por-
tal vein and superior mesenteric vein, LRA left renal artery, LRV left
renal vein

pre-operatively based only on MDCT in any patient. Four
patients underwent needle biopsy under endoscopic ultra-
sonography, and examination of the biopsy specimens
revealed a squamous component in three and adenocarci-
noma alone in one. Squamous cell cancer antigen (SCC-Ag)
was measured in four patients, revealing a median value of
8.5 ng/mL.

Table 2 compares the patients with pancreatic AC vs.
those with pancreatic ASC. ASC tumors were located more
frequently in the pancreatic body and tail, and DP was more
commonly performed for ASC than for AC. Although there
was no significant difference in the vascular resection rates
between the two groups (P=0.264), the combined other
organ resection rate in the patients with ASC was signifi-
cantly higher than that in the patients with AC (41.2% vs.

8.9%, P <0.001). Comparing patients who underwent non-
combined resection (n=10) with those who underwent
combined resection (n=7) for ASC, pathological inva-
sion to other organs was observed more frequently in the
patients who underwent combined resection (0% vs. 71.4%,
P=0.035). There was no significant difference in the median
tumor diameters (43 mm vs. 60 mm, P=0.133) or lymph
node metastasis (80.0% vs. 42.9%, P=0.162).

Figure 2a, b shows the overall survival (OS) and relapse-
free survival (RFS) curves according to the pathological
diagnosis. Both OS and RFS were almost identical in the
two groups (P =0.954 and P=0.698, respectively). The
AC group patients who underwent combined organ resec-
tion had a poorer 5-year OS rate than those who did not
undergo combined resection (14.2% vs. 35.3%, respectively;
P=0.011; Fig. 3a). The ASC patients who underwent com-
bined organ resection had a similar 5-year OS rate to those
who did not undergo combined organ resection (42.9% vs.
37.5%, respectively; P=0.926; Fig. 3b). Under most con-
ditions, the survival outcomes of the patients with AC vs.
those with ASC did not differ significantly (Table 3). How-
ever, the ASC group patients who underwent R1 resection
(n=1, 5.8%) had a poorer OS rate than their counterparts in
the AC group (n=>54, 12.3%; P<0.001).

Univariate analysis of the factors associated with the
OS of patients with ASC revealed that a squamous com-
ponent of > 60% (P=0.001) and R1 resection (P <0.001)
were significantly associated with poor OS (Table 4). There
was a marginal difference in the OS rate between patients
with T1-3 vs. those with T4 (P =0.055) as well as between
patients with vs. those without microscopic venous invasion
(P=0.058). However, the Cox proportional hazards analysis
did not identify any independent prognostic factors for OS.

In comparing the effects of adjuvant chemotherapy, the
5-year survival rate of patients who received S-1 (n=7) vs.
those who received Gemcitabine (n=4) was 42.9% (MST
20.9 months) vs. 25.0% (MST 12.0 months), respectively,
which did not represent a significant difference according to
univariate analysis (P =0.905).

Discussion

Although this was a small series, we were able to compare
the long-term outcomes after aggressive surgical resection of
patients with ASC vs. those with AC. ASC was significantly
larger than AC and it arose more frequently in the body and
tail of the pancreas than in the pancreatic head. We found
that RO resection for ASC was independently associated with
better OS, and that the survival outcome of these patients
was also favorable, even after combined organ resection.
Pancreatic cancer is a highly invasive tumor that some-
times spreads to the major arteries, such as the superior
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Fig.2 Overall survival (OS)
(a) and relapse-free survival
(RFS) (b) according to the
pathological diagnosis. AC
adenocarcinoma of pancreas, 08
ASC adenosquamous carcinoma

of the pancreas. The OS and i
REFS of the patients with AC vs. ©
those with ASC did not differ =< 7
significantly (P=0.954 and 2
P=0.698, respectively) 5
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mesenteric artery, hepatic artery and celiac axis, as well as
the portal vein, and adjacent organs, including the transverse
colon, adrenal grand and kidney. Combined vascular resec-
tion and other types of organ resection are often necessary
to achieve a curative surgical resection. In the present study,
portal vein resection was the most frequent type of vascular
resection (n=7, 41.2%), followed by celiac axis resection

®0 (months)
Time after surgery

348 143 78

&0 (months)

Time after surgery

246 95 54
6 4 4

(n=3, 17.6%). There was no significant difference between
AC and ASC in the rate of combined vascular resection (AC
39.4% vs. ASC 52.9%, P=0.264). The RO resection rates for
AC and ASC did not differ significantly (87.7% vs. 94.1%,
respectively; P=0.707), but combined organ resection was
performed more frequently for ASC than for AC (8.9% vs.
ASC 41.2%, respectively; P <0.001). To achieve a high rate
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Fig.3 The overall survival
curve according to combined
organ resection in the adeno-
carcinoma patients (a) and the
adenosquamous carcinoma
patients (b). AC adenocar-
cinoma of pancreas, ASC
adenosquamous carcinoma of
the pancreas. The AC patients
who underwent combined organ
resection had a poorer 5-year
OS rate than those who did not
(14.2% vs. 35.3%, P=0.011). o
The ASC patients who under-

went combined organ resection

had a similar 5-year OS rate to 004
those who did not (42.9% vs.

37.5%, P=0.926)
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of RO resection, aggressive surgical treatment, such as com-
bined vascular and other types of organ resection, is neces-
sary for patients with ASC.

The survival outcome of the patients with surgically
treated ASC in the present study was better than that
reported previously (Table 5) [4, 5, 8,9, 12, 18]. In the cur-
rent California Cancer Registry study (a large study report-
ing the survival outcomes of patients with ASC), the out-
comes after surgical resection for ASC were comparable to
those after surgical resection for AC [5]. Hoshimoto et al.
also reported that ASC patients had an MST of 17 months
after surgical resection, which was similar to that of AC
patients [18]. In the largest study, Hester reported that the
survival of patients with ASC was worse than that of patients

@ Springer
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with AC, but the hazard ratio was only 1.11 (1.01-1.24)
[12]. Previous reports described a low RO resection rate of
< 70% for ASC associated with poor survival outcomes,
whereas current reports describe relatively high RO resection
rates (> 85%) associated with survival outcomes similar to
those of AC.

Although R1 resection was achieved in only one of our
ASC patients, this patient had a significantly poorer OS than
the AC patients for whom R1 resection was achieved. Fur-
thermore, univariate analysis of the OS for ASC patients
revealed that R1 resection was significantly associated with
poor OS. Hester et al. reported that RO resection was inde-
pendently associated with better OS. After considering the
relationship between the survival outcomes and R1 resection
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Table 2 Background characteristics of patients with pancreatic ade-

nocarcinoma vs. those with adenosquamous carcinoma of the pan- Table 3 Univariate analysis of the overall survival of patients with
creas adenocarcinoma vs. adenosquamous carcinoma of the pancreas
Adenocarci- Adenosquamous P Adenocarcinoma Adenosqu?» P
noma (n =439) carcinoma (n =17) mous carcinoma

Age 68.0(38-88)  69.0 (32-82) 0.951 " fﬂjf‘jal " fufjfjal

Sex %) %)

Male 258 (58.7%) 8 (47.0%) 0.337 -
Female 181 (41.3%) 9 (53.0%) Tumor location

Tumor location Head 327 322 5 60.0 0.393
Head 327 (745%)  5(29.4%) <0.001 Body 86 374 8 375 0.645
Body 86 (19.6%) 8 (47.1%) Tail 26 30.6 4 250 0.287
Tail 26 (5.9%) 4(23.5%) Resection type

Tumor size (mm)? 35 (6-130) 50 (19-96) 0.003 Pancreatoduodenectomy 328 315 6 50.0 0.633

Primary tumor status® Distal pancreatectomy 103 359 11 364 0.499
T1 8 (1.8%) 0 0.001 Total pancreatectomy 8 75.0 0 N.A. N.A.
T 15 (3.4%) 0 Combined organ resection
T3 401 014%) 13 (765%) Absent 400 353 10 375 0.966
T4 15 (3.4%) 4(23.5%) Present 39 142 7 429 0.402

Resection type Combined vascular resection
Pancreatoduodenectomy 328 (74.7%) 6 (35.3%) 0.001 Absent 266 40.1 8 500 0.956
Distal pancreatectomy 103 (23.5%) 11 (64.7%) Present 173 218 9 333 0.675
Total pancreatectomy 8 (1.8%) 0 CEA

Combined vascular resection <15 ng/mL 414 349 11 455 0.566
Absent 266 (60.6%) 8 (47.1%) 0264 = 'one/mb 25 61 6 333 0.940
Present 173 (394%) 9 (52.9%) CA 199

Combined organ resection <100 U/mL 221 454 9 55.6 0.561
Absent 400091.1%) 10 (58.8%) <0001 > 100UMmL 218210 8 250 0.269
Present 39 (8.9%) 7 (41.2%) Tumor size (mm)

Lymph node metastasis <30 mm 139 452 3 66.7 0.363
Absent 129 (294%)  6(35.3%) 0.601 =30 mm 300275 14343 0.868
Present 310 (70.6%) 11 (64.7%) Primary tumor status®

Microscopic venous invasion Tl 8 625 0 NA. N.A.
Absent 164 (37.4%) 3(17.6%) 0.125 T2 15 615 0 NA. N.A.
Present 275 (62.6%) 14 (82.4%) T3 401 325 14 538 0.273

Lymphatic invasion T4 15 108 30 0.071
Absent 75 (17.1%) 3.(17.6%) 1.000 Lymph node metastasis
Present 364 (82.9%) 14 (82.4%) Absent 129559 6 500 0.498

Perineural invasion Present 310 232 11 34.1 0.662
Absent 32 (7.3%) 1(5.9%) 1.000 Microscopic vascular invasion
Present 407 (927%) 16 (94.1%) Absent 164500 3 100.0 0.126

R status Present 275 232 14 268 0.669
RO 385(87.7%) 16 (94.1%) 0707 ~ Lymphatic invasion
R 54.(123%) 1 5.9%) Absent 75 577 3667 0.787

CEA 32(0.5-662) 4.5 (0.5-135.0) 0.006 Present ' 364 282 14 343 0.908

CA 19-9 95 (2-17324) 64 (4-9771) 0.788 Perinerural invasion

Adjuvant chemotherapy Absent 32 36.1 1 100.0 0.322
None 177403%) 6 (35.3%) 0871 Present 407 330 16 365 0.822
S-1 144 32.8%) 7 (41.2%) R status
Gemcitabine 113 (258%) 4 (23.5%) RO 385 351 16 429 0.842
Others 5(1.1%) 0 R1 54 213 10 <0.001

Adjuvant chemotherapy

CEA carcinoembryonic antigen, CA19-9 carbohydrate antigen19-9 Absent 177 24.6 6 50.0 0.287

“Median (range) S-1 144 50.5 7 429 0.173

PUICC 7th edition Gemcitabine 113 27.0 4 250 0.706

Others 5 60.0 0 NA. N.A.
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Table 3 (continued)

CEA carcinoembryonic antigen, CA79-9 carbohydrate antigen19-9,
N.A. not assessed

*UICC 7th edition

rates in the present and previous studies, residual tumor fac-
tors, such as RO or R1/2 resection, may have a more impor-
tant prognostic impact in surgically treated ASC than AC.
Although the AC patients who required combined organ
resection had a poorer survival outcome than those who did
not, ASC patients who required combined organ resection
had a similar survival outcome to those who did not (Fig. 3).
Thus, to achieve RO resection, local control with combined
resection, if macroscopic organ invasion is identified, may
have a positive influence on the survival of ASC patients.

Combined other organ resection may also increase the
risk of post-operative complications. Solaini et al. reported
that combined colon resection was associated with increased
post-operative morbidity and mortality [19]. Adrenal gland
and kidney resection can lead to adrenal and renal dysfunc-
tion, and patients with renal dysfunction may not be able to
receive adjuvant chemotherapy or chemotherapy after recur-
rence at a sufficient dose intensity, with consequently poorer
survival outcomes than those without renal dysfunction. In
the present study, patient no. 11, who underwent combined
stomach, left diaphragm, and left kidney resection (Fig. 1),
survived for more than 5 years without any symptoms or
recurrence, but had mild renal dysfunction. In terms of renal
function, combined renal resection should not be indicated
as prophylactic resection, but rather, it should be performed
when macroscopic invasion is detected intra-operatively.

The degree of squamous component was a prognostic fac-
tor for OS in the present study. Hong et al. reported that the
survival time of patients with ASC of the extrahepatic bile
duct decreased as the squamous component increased [20].
In contrast, Voong et al. reported that the squamous com-
ponent in pancreatic cancer did not influence survival when
using the current cut-off of 30% squamous differentiation for
the definition of ASC or when analyzing it as a continuous
variable [9]. In the present study, no association was noted
between ASC and microscopic venous invasion. Komatsu
et al. reported that venous invasion was more marked in ASC
than in AC [21]. In the present study, a marginal correla-
tion was noted between a poorer OS rate and microscopic
venous invasion. However, few studies have explored this,
so further investigations are necessary to establish the asso-
ciations among pathological characteristics, including the
degree of squamous component, and lymphovascular and
perineural invasion.

Pre-operatively, ring enhancement or a round-lobulated
lesion on imaging are characteristically associated with
ASC [22, 23]. However, more detailed imaging data are

@ Springer

Table 4 Unirvariate analyses of the factors associated with the overall
survival of patients with adenosquamous carcinoma

Median survival Univariate P
time (months)

n  S-year overall
survival (%)

Tumor location

Head 5 60.0 N.R. 0.499
Body/tail 12 333 13.2

Tumor size
< 30 mm 3 66.7 N.R. 0.432
> 30 mm 14 343 13.2

Primary tumor status®
T1/2/3 13 538 N.R. 0.055
T4 4 00 9.1

Combined vascular resection
Absent 8 50.0 20.9 0.489
Present 9 333 13.2

Combined organ resection
Absent 10 375 13.2 0.926
Present 7 429 20.9

Squamous component rate
< 60% 11 63.6 N.R. 0.001
> 60% 6 0 9.1

Lymph node metastasis
Absent 6 50.0 20.9 0.455
Present 11 341 13.2

Microscopic venous invasion
Absent 3 100.0 N.R. 0.058
Present 14 26.8 12.0

Lymphatic invasion
Absent 3 66.7 N.R. 0.345
Present 14 343 13.2

Perineural invasion
Absent 1 100.0 N.R. 0.329
Present 16 36.5 13.2

R status
RO 16 429 20.9 < 0.001
R1 1 00 5.2

CEA
<15ng/mL 11 455 30.9 0.575
> 15 ng/mL 6 333 12.0

CA 19-9
<100 U/mL 9 556 N.R. 0.137
>100U/mL 8 250 9.8

SCC-AgP
<85ng/mL 2 0 11.6 0.695
>85ng/mL 2 NR 5.2

Adjuvant chemotherapy
Absent 6 50.0 13.2 0.692
Present 11 34.1 20.9

CEA carcinoembryonic antigen, CA/9-9 carbohydrate antigen 19-9,
SCC-Ag squamous cell cancer antigen, N.R. not reached

*UICC 7th edition

®Including four patients
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required to improve the ability to diagnose ASC pre-oper-
atively [24]. In the present study, pre-operative pancreatic
biopsy was performed in four patients and three of the four
biopsies (75.0%) revealed a squamous component, while
one revealed adenocarcinoma alone. Recent advances in
endoscopic techniques, such as the advent of the endo-
scopic ultrasound-guided fine-needle aspiration biopsy
(EUS-FNAB), will increase the pre-operative diagnostic
accuracy of pancreatic cancer. Subsequently, aggressive
surgical resection may also be acceptable for patients with
ASC.

Surgical resection followed by adjuvant chemotherapy is
considered a standard strategy for resectable pancreatic can-
cer [25-27]. However, no standard peri-operative strategy
has yet been established for resectable ASC. At our institu-
tion, adjuvant chemotherapy is given to patients with ASC
and to those with AC. Adjuvant S-1 therapy is the standard
strategy for pancreatic cancer only in Japan [27, 28]. S-1
was administered as adjuvant chemotherapy to 4 (33.3%)
of 12 patients, with an MST of 17 months, in the study of
Hoshino et al. and to 7 (41.1%) of our 17 patients, with an
MST of 20.9 months, respectively [18]. It is difficult to dis-
cuss the advantages of adjuvant S-1 therapy based on this
small difference; therefore, whether adjuvant S-1 therapy
can improve the prognosis remains a topic for investigation.
Retrospective studies demonstrated that adjuvant chemo-
radiation or the addition of a platinum agent to adjuvant
regimens improves the survival of patients after resection
for ASC [9, 29]. Furthermore, no standard therapy for unre-
sectable and recurrent ASC has been established, making it
difficult to recommend neoadjuvant therapy for ASC.

The limitations of this study include its retrospective
nature and single-institution setting with a limited number
of patients, especially in the ASC group. The number of
subjects was inadequate for drawing broad interpretations.

In conclusion, ASC was able to be diagnosed by EUS-
FNAB, but not by MDCT alone, and local control may play
an important and positive role in extending the survival of
patients with resectable ASC.
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