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ABSTRACT

Purpose. Neoadjuvant therapy (NAT) is used to treat not
only advanced pancreatic cancer but also resectable le-
sions. The present study investigated the effectiveness of
postoperative adjuvant chemotherapy for patients with
pancreatic cancer who underwent surgical resection after
NAT.

Methods. Patients who underwent macroscopically cura-
tive resection after NAT for pancreatic cancer were
enrolled. Adjuvant chemotherapy was defined as at least 1
cycle of planned chemotherapy within 3 months after the
date of surgery and included S-1, gemcitabine, or both. We
retrospectively examined the effect of adjuvant
chemotherapy on overall survival (OS) and recurrence-free
survival (RFS) as a function of patients’ clinicopathologi-
cal factors.

Results. Ninety-seven patients were included in the study,
of which 68 (70.1%) underwent adjuvant chemotherapy.
Administration of adjuvant chemotherapy was significantly
associated with prolonged OS and RFS in patients whose
elevated levels of carbohydrate antigen 19-9 or duke pan-
creatic monoclonal antigen type-2 did not normalize after
NAT. In patients with pathological lymph node metastasis,
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the administration of adjuvant chemotherapy was signifi-
cantly associated with longer OS but did not improve PFS.
Conclusions. Postoperative adjuvant chemotherapy was
associated with prolonged postoperative survival in
patients with pancreatic cancer who did not sufficiently
respond to NAT as judged by tumor marker expression.

Surgical resection is the only potentially curative ther-
apy for pancreatic cancer; however, the vast majority of
patients who undergo macroscopically curative resection
experience relapse within 2 years.! Two randomized,
controlled trials showed that postoperative adjuvant
chemotherapy using gemcitabine was associated with
longer postoperative recurrence-free survival (RFS; 11.4
and 13.4 months vs. 5.6 and 6.7 months, respectively) and
overall survival (OS; 22.3 and 22.8 months vs. 18.4 and
20.2 months, respectively) than surgery alone.> ® Several
studies have since revealed the superiority of adjuvant
chemotherapy using S-1, capecitabine plus gemcitabine,
and modified-FOLFIRINOX (a combination of fluo-
rouracil, leucovorin, irinotecan, and oxaliplatin) to that
using gemcitabine alone.*®

Although postoperative adjuvant chemotherapy is an
essential component of therapeutic strategies that target
pancreatic cancer, many patients cannot complete their
planned courses. In previous, randomized, controlled trials
that included select patients who had recovered from sur-
gery, the rate of adjuvant chemotherapy completion was
54-79%.%7° Moreover, a recent study conducted using
population-based data found that only 7% of patients who
underwent resection for pancreatic cancer completed their
planned chemotherapy regimens, whereas 28% did not
complete their courses and 65% received no adjuvant
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chemotherapy at all.” Factors that potentially contributed to
low adjuvant chemotherapy initiation or completion rate
included high rates of postoperative complications, severe
comorbidities, poor postoperative performance status (PS),
and adverse effects of the treatment regimen.’

Neoadjuvant therapy (NAT) has been administered to
patients with borderline resectable or unresectable pancre-
atic cancer to improve both resection rate and
prognoses.®™!! More recently, NAT has been increasingly
used for patients with resectable pancreatic cancer to
improve their prognoses.'>'* A neoadjuvant setting
ensures a higher chemotherapy completion rate than adju-
vant treatment, and NAT has several potential benefits
including a higher RO resection rate following locoregional
control of the primary tumor, sterilization of metastatic
lymph nodes, early treatment for occult distant metastases,
and identification of patients who are likely to benefit from
surgical resection.'” NAT may play an important role in the
treatment of patients with pancreatic cancer. However, the
rate and effectiveness of adjuvant chemotherapy in patients
who undergo NAT for pancreatic cancer are unknown.

Previous studies have found that lymph node metastasis,
tumor size, T stage, surgical margin, histological grade,
and serum carbohydrate antigen (CA) 19-9 are prognostic
factors for patients with pancreatic cancer.'®'® In our
earlier study, we demonstrated that elevated levels of
serum CA 19-9 and its precursor duke pancreatic mono-
clonal antigen type 2 (DUPAN-2) were useful predictors of
early hematogenous metastasis and were indications for
NAT in patients with pancreatic cancer.”’ Furthermore,
recent studies have found that a reduction in the levels of
serum tumor markers such as CA 19-9 and DUPAN-2 after
NAT predicts longer survival after pancreatic cancer
resection.”’” 2> These prognostic factors may affect the
effectiveness of postoperative adjuvant therapy in patients
who underwent NAT for pancreatic cancer. The present
study was designed to determine the effectiveness of
postoperative adjuvant chemotherapy in patients who
underwent NAT for pancreatic cancer.

MATERIALS AND METHODS
Patients

Patients who underwent macroscopically curative
resection after NAT for pancreatic cancer between January
2010 and December 2019 at the Department of Digestive
Surgery, Breast and Thyroid Surgery, Kagoshima Univer-
sity, were investigated. This study was approved by the
institutional ethics review board of our hospital. Written,
informed consent for data analysis and publication was
obtained from all subjects. Patients who did not undergo

NAT were excluded from the study. Tumor’s resectability
was judged according to the National Comprehensive
Cancer Network guidelines.”> Tumors without arterial
contact (i.e., without the celiac axis, superior mesenteric
artery, or common hepatic artery) and venous contact (i.e.,
without the superior mesenteric vein or a portal vein of
>180°) were classified as resectable. Tumors with arterial
contact or venous involvement exceeding the range possi-
ble for reconstruction or those with distant metastases were
classified as unresectable (UR); tumors that met neither of
these criteria were considered borderline resectable (BR).

NAT and Postoperative Adjuvant Chemotherapy

NAT included chemotherapy or chemoradiotherapy
(CRT). CRT was mainly performed for patients with BR or
UR pancreatic cancer. Patients were considered to have
undergone adjuvant chemotherapy if they had 1 cycle
within 3 months after the date of surgery; treatment com-
pletion was defined as having undergone 6 cycles of
planned chemotherapy within 10 months after the date of
surgery. Before and after NAT, all patients underwent
imaging studies including computed tomography (CT),
magnetic resonance imaging (MRI), and endoscopic
ultrasonography. Serum CA 19-9 and DUPAN-2 levels
were measured within 2 weeks before NAT and the sub-
sequent surgery. For all patients who recovered from
surgery, we recommended receiving postoperative adju-
vant chemotherapy. All resected specimens were examined
histologically according to the 8th tumor-node-metastasis
classification system.”* After surgery, imaging examina-
tions including CT and MRI were performed every 4
months for the first 2 years and every 6 months for the
following 3 years. The median follow-up duration was 31.0
months (mean, 35.5 months).

Statistical Analysis

Associations between different categorical variables
were assessed using the 5> or Fisher’s exact test. Survival
curves were plotted using the Kaplan-Meier method and
analyzed using the log-rank test. OS was calculated as the
interval between surgical resection and death from any
cause. RFS was calculated as the interval between surgical
resection and initial recurrence. P values < 0.05 were
considered statistically significant. Statistical evaluation
was performed using EZR (Saitama Medical Center, Jichi
Medical University, Saitama, Japan), which is a graphical
user interface for R (The R Foundation for Statistical
Computing, Vienna, Austria).
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RESULTS
Patient Characteristics and Treatment Course

Among a total of 133 patients who underwent surgical
resection for pancreatic cancer, 97 received NAT. Thirty-
six patients who underwent upfront surgery were excluded
from this study. All patients underwent macroscopically
curative resection. The most common neoadjuvant
chemotherapy (46 patients) was 2 or 3 cycles of gemc-
itabine (1,000 mg/m?, Days 1 and 8 of a 21-day cycle) plus
S-1 (80, 100, or 120 mg/body according to body surface on
Days 1 through 14 of a 21-day cycle) followed by 3 cycles
of gemcitabine plus nab-paclitaxel (1,000 mg/m?* and 125
mg/m?, respectively, on Days 1, 8, and 15 of a 28-day
cycle) (n = 7), gemcitabine alone (n = 4), and others (n =
5). The most common regimen of chemoradiotherapy (n =
23) included hyperfractionated accelerated radiotherapy
with S-1 (56-58 Gy over 4 weeks, with S-1 at a dose of 80
mg/m? for the first 21 days), > followed by chemoradio-
therapy with induction chemotherapy using 2 or 3 cycles of
gemcitabine plus S-1 (n = 5), 3 cycles of gemcitabine plus
nab-paclitaxel (n = 5), and others (n = 2). According to the
Response Evaluation Criteria in Solid Tumors (version
1.1), 1 (1.0%), 40 (41.2%), 54 (55.7%), and 2 (2.1%)
patients showed complete response, partial response,
stable disease, and progressive disease, respectively. In
terms of surgery, pancreaticoduodenectomy was the most
common procedure (n = 63), followed by distal pancrea-
tectomy (n = 30) and total pancreatectomy (n = 4).
Postoperative adjuvant chemotherapy was administered to
68 patients (70.1%), 46 (47.4%) of whom completed the
planned course (Table 1). S-1 (80 mg/m2 on Days 1
through 14 of a 21-day cycle) was the most common reg-
imen for postoperative adjuvant chemotherapy (n = 59),
followed by gemcitabine alone (1,000 mg/m” on Days 1
and 8 of a 21-day cycle, n = 7) and gemcitabine plus S-1
(n = 2). The most

nonadministration of adjuvant chemotherapy was a decline
in PS after surgery (n = 11), followed by postoperative
complications (n = 5), rejection (n = 5), comorbidities (n =
3), and other causes (n = 5). Additionally, reasons for the
noncompletion of adjuvant chemotherapy included early
recurrence (n = 11) and adjuvant chemotherapy-related
adverse effects (n = 10; Table 1).

Relationship Between Clinicopathological Factors
and Prognosis

Table 2 shows the relationship between clinicopatho-
logical factors and survival after surgery. Pathological
tumor size of more than 20 mm and lymph node metastasis
were associated with significantly shorter OS and RFS.

Effect of Postoperative Adjuvant Chemotherapy
on Survival After Surgery

The administration rate of adjuvant chemotherapy was
significantly higher in patients aged < 70 years and with
resectable pancreatic cancer. It tended to be higher in those
whose CA 19-9 and DUPAN-2 levels were not normalized
before surgery following NAT (Table 3). The completion
rate of adjuvant chemotherapy was significantly higher in
patients aged < 70 years (Supplementary Table 1). In
patients who underwent NAT, the median OS and RFS
times were 47.7 and 20.5 months, respectively (Supple-
mentary Fig. 1). There were no significant differences in
postoperative OS and RFS between patients who received
adjuvant chemotherapy after undergoing NAT plus
macroscopically curative resection of pancreatic cancer
and those who did not receive adjuvant chemotherapy
(Fig. 1). However, patients who completed their planned
adjuvant chemotherapy regimen showed significantly
longer OS and RFS than did those who either skipped this
therapy or did not complete it (Supplementary Fig. 2). We

TABLE 1 Reasons for
nonadministration and

noncompletion of postoperative
adjuvant chemotherapy

common reason for the  analyzed the effect of postoperative adjuvant
Non-administration (n = 29) Noncompletion (n = 51)
Decline in PS after surgery 11 Decline in PS after surgery 12
Postoperative complications 5 Early recurrence 11
Rejection 5 Adverse effects of adjuvant chemotherapy 10
Comorbidities 3 Postoperative complications 5
Pathological CR 2 Rejection 5
Myelosuppression owing to NAT 2 Comorbidities 3
Allergic reaction to NAT 1 Pathological CR 2
Myelosuppression owing to NAT 2
Allergic reaction to NAT 1

CR Complete response; NAT Neoadjuvant therapy; PS Performance status
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TABLE 2 Overall survival after surgery in patients with pancreatic cancer who underwent neoadjuvant therapy (n = 97)

Factor (n) Median OS (mo) p value Median RFS (mo) p value

Age (yr) <70 (52) 35.7 (27.0-48.6) 0.233 20.0 (15.0-35.0) 0.951
>70 (45) Not reached 22.0 (13.2-42.0)

Sex Male (47) 46.1 (32.5-NA) 0.936 20.0 (15.9-52.7) 0.514
Female (50) 41.7 (28.4-NA) 21.5 (13.5-30.0)

Tumor location Head (66) 41.7 (27.0-NA) 0.558 20.5 (15.9-42.0) 0.438
Body-tail (31) 46.1 (28.4-NA) 21.5 (12.0-35.0)

Resectabilityat diagnosis R (59) 41.7 (31.7-NA) 0.519 21.5 (15.9-30.0) 0.610
BR/UR (38) 44.7 (24.8-NA) 19.4 (13.6-58.5)

Type of NAT CT (62) 36.4 (28.4-55.7) 0.272 19.4 (13.0-23.7) 0.200
CRT (35) 48.6 (27.8-NA) 28.3 (13.6-NA)

CA 19-9/DUPAN-2before NAT (U/mL) <37 and <150 (29) Not reached 0.237 42.0 (15.9-NA) 0.096
>37 or >150 (68) 41.7 (28.4-53.0) 18.5 (13.6-23.7)

CA 19-9/DUPAN-2after NAT (U/mL) <37 and <150 (56) 47.7 (35.7-NA) 0.180 23.0 (17.3-52.7) 0.245
>37 or >150 (41) 33.6 (25.3-53.0) 17.6 (12.0-23.7)

Pathological tumor size (mm) <20 (49) Not reached 0.009 30.0 (17.8-58.5) 0.012
>20 (48) 31.7 (25.541.7) 16.0 (11.5-22.0)

Pathological lymph node metastasis Negative (60) Not reached 0.004 30.0 (17.6-58.5) 0.003
Positive (37) 31.0 (20.1-41.7) 16.0 (10.0-20.5)

R factor 091 46.1 (32.5-NA) 0.581 21.5 (16.0-30.0) 0.529
1 (6) 36.0 (6.0-NA) 19.1 (3.5-NA)

BR borderline resectable; CA 19-9 carbohydrate antigen 19-9; CRT chemoradiotherapy; CT chemotherapy; DUPAN-2 Duke pancreatic mono-
clonal antigen type 2; OS Overall survival; NA Not available; NAT Neoadjuvant therapy; R Resectable; RFS Recurrence-free survival; UR

Unresectable

chemotherapy on survival after surgery as a function of
various prognostic factors (Tables 4 and 5); because only
six patients underwent R1 resection, they were excluded
from this analysis. Among patients with elevated serum
levels of CA 19-9 (>37 U/mL) or DUPAN-2 (>150 U/mL)
before surgery following NAT, administration of adjuvant
chemotherapy—regardless of whether it was completed or
not—was associated with significantly longer OS and RFS.
In patients with pathological lymph node metastasis,
administration of adjuvant chemotherapy was associated
with significantly longer OS but did not significantly
influence PRS. The remaining clinicopathological factors
were not associated with the effect of adjuvant
chemotherapy on postoperative survival.

DISCUSSION

Previous pivotal studies have demonstrated that adju-
vant chemotherapy is essential for improving the
postoperative prognosis of patients with pancreatic can-
cer.”® However, NAT also has recently come to play an
important role as a therapeutic strategy for this dis-
ease.'”'"* The effectiveness of postoperative adjuvant

chemotherapy in the era of NAT has remained unknown. In
the present study, we demonstrated that the administration
of postoperative adjuvant chemotherapy did not signifi-
cantly influence OS or RFS among patients who underwent
pancreatic cancer resection after NAT. However, patients
in whom elevated serum CA 19-9 or DUPAN-2 levels did
not normalize before surgery following NAT experienced
significantly improved postoperative OS and RFS when
treated with postoperative adjuvant chemotherapy. More-
over, patients with pathological lymph node metastasis
who underwent adjuvant chemotherapy had significantly
improved OS (but not RFS) compared with those who did
not undergo such therapy.

It was previously reported that the omission or inability
to complete postoperative adjuvant chemotherapy is not
uncommon, and mainly occurred because of postoperative
complications, unrecovered PS, and early recurrence after
surgery.’ Previous studies found that the rates of adjuvant
chemotherapy administration among patients who under-
went NAT were 63-90%.%'2142% In our current study, the
rates of administration and completion of adjuvant
chemotherapy were 70.1% and 47.4%, respectively.
Patients who completed their planned courses experienced
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TABLE 3 Relationship between administration of adjuvant chemotherapy and clinicopathological factors (n = 97)

Factor (n) Administration of adjuvant chemotherapy p value
No (n =29) Yes (n = 68)

Age (yr) <70 (52) 9 43 0.004
>70 (45) 20 25

Sex Male (47) 14 33 1.000
Female (50) 15 35

Tumor location Head (66) 24 42 0.057
Body-tail (31) 5 26

Resectability R (59) 13 46 0.043

at diagnosis BR/UR (38) 16 22

Type of NAT CT (62) 17 45 0.497
CRT (35) 12 23

CA 19-9/DUPAN-2 <37 and <150 (29) 11 18 0.333

before NAT (U/mL) >37 or >150 (68) 18 50

CA 19-9/DUPAN-2 <37 and <150 (56) 21 35 0.073

after NAT (U/mL) >37 or >150 (41) 8 33

Pathological tumor size (mm) <20 (49) 16 33 0.658
>20 (48) 13 35

Pathological lymphnode metastasis Negative (60) 18 42 1.000
Positive (37) 11 26

R factor 001 28 63 0.665
1 (6) 5

Final stage 03 2 1 0.604

(UICC 8th edition) I(52) 16 36
I (30) 21
111 (10) 8
IV (2)

BR borderline resectable; CA 19-9 carbohydrate antigen 19-9; CRT chemoradiotherapy; CT chemotherapy; DUPAN-2 Duke pancreatic mono-
clonal antigen type 2; NAT neoadjuvant therapy; R resectable; UICC Union for International Cancer Control; UR unresectable

significantly longer OS and RFS than those who did not; 11
patients were unable to complete adjuvant chemotherapy
due to early recurrence. In this study, we focused on
investigating the effectiveness of adjuvant chemotherapy
administration but not necessarily its completion. The most
common reason for the lack of adjuvant chemotherapy
administration was a decline in PS after surgery. We nor-
mally hesitate to administer adjuvant chemotherapy to
patients who do not desire it or to those who did not suf-
ficiently recover from their surgeries, despite receiving
NAT. As such, it would be useful to identify patients with
pancreatic cancer who could benefit from receiving post-
operative adjuvant chemotherapy after undergoing NAT
followed by surgical resection.

Elevated serum levels of tumor markers and the pres-
ence of lymph node metastasis status, which are predictors
of poor prognosis in patients with pancreatic cancer, have
been reported to decrease in incidence after NAT.*'!?® In

the present study, we measured serum DUPAN-2 level in
addition to serum CA 19-9 level given that patients with
the Lewis phenotype Le* ™ (who account for 5-10% of the
population) do not have CA 19-9 production. >’ DUPAN-2
is reported to be a useful tumor marker for patients with
pancreatic cancer who have the Lewis phenotype L* . 28
Recent studies demonstrated that patients in whom serum
CA 19-9 or DUPAN-2 levels did not decrease after NAT
had poor postoperative prognoses, >'*** indicating that the
persistence of elevated tumor markers after NAT is
indicative of aggressive tumor biology. A recent study
demonstrated that adjuvant chemotherapy after neoadju-
vant FOLFIRINOX and resection of pancreatic cancer was
associated with improved survival in patients with patho-
logical lymph node metastasis, consistent with our results.
% Adjuvant chemotherapy may be necessary to improve
postoperative prognosis in patients with pancreatic cancer
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A Adjuvant therapy (n = 68)
median OS: 44.7 months (95% CI, 32.5 to NA)

Non-Adjuvant therapy (n = 29)
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FIG. 1 Kaplan-Meier survival curves showing overall survival (OS)
and recurrence-free survival (RFES) after surgery in patients who
underwent macroscopically curative pancreatic cancer resection after
neoadjuvant therapy. There was no significant difference in OS (a) or

B Adjuvant therapy (n = 68)
median RFS 20.0 months (95% CI, 16.0 to 28.3)
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TABLE 4 Overall survival after surgery in patients with pancreatic cancer who underwent neoadjuvant therapy (n = 97)

Factor Median OS (mo) p value
Nonadjuvant Adjuvant
(95% CI1) (n) 95% CI) (n)
Age (yr) <70 26.0 (3.0-NA) (9) 35.7 (27.0-48.6) (43) 0.647
>70 55.7 (6.1-NA) (20) Not reached (25) 0.209
Sex Male 55.7 (5.1-NA) (14) 48.6 (33.6-NA) (33) 0.154
Female Not reached (15) 41.0 (27.8-NA) (35) 0.855
Tumor location Head 37.5 (9.7-NA) (24) 44.7 (31.0-NA) (42) 0.312
Body-tail Not reached (5) 46.1 (28.4-NA) (26) 0.772
Resectability R 55.7 (6.1-NA) (13) 41.7 (32.5-NA) (46) 0.513
at diagnosis BR/UR 37.5 (6.0-NA) (16) 46.1 (23.4-NA) (22) 0.710
Type of NAT CT 23.4 (5.7-NA) (17) 41.0 (31.0-NA) (45) 0.227
CRT Not reached (12) 48.6 (27.0-NA) (23) 0.989
CA 19-9/DUPAN-2before NAT (U/mL) <37 and <150 Not reached (11) Not reached (18) 0.760
>37 or >150 26.0 (9.7-NA) (18) 44.7 (31.0-NA) (50) 0.128
CA 19-9/DUPAN-2after NAT (U/mL) <37 and <150 Not reached (21) 46.1 (29.0-NA) (35) 0.574
>37 or >150 11.1 (2.4-NA) (8) 41.7 (28.4-NA) (33) < 0.001
Pathological tumor size (mm) <20 Not reached (16) Not reached (33) 0.898
>20 23.4 (5.7-NA) (13) 32.5 (27.0-53.0) (35) 0.054
Pathological lymph node metastasis Negative Not reached (18) 48.6 (32.5-NA) (42) 0.589
Positive 16.0 (5.1-NA) (11) 35.7 (25.5-53.0) (26) 0.009
R factor 0 55.7 (16.0-NA) (28) 46.1 (32.5-NA) (63) 0.574

1

BR borderline resectable; CA 19-9 carbohydrate antigen 19-9; CRT chemoradiotherapy; CT chemotherapy; DUPAN-2 Duke pancreatic mono-
clonal antigen type 2; OS Overall survival; NA Not available, NAT Neoadjuvant therapy, R Resectable, UR Unresectable
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TABLE 5 Recurrence-free survival after surgery in patients with pancreatic cancer who underwent neoadjuvant therapy (n = 97)

Factor Median RFS (mo) p value
Non-adjuvant Adjuvant
95% CI) (n) (95% C1) (n)
Age (yr) <70 21.5 (2.0-NA) (9) 20.0 (15.0-35.0) (43) 0.838
>70 22.8 (4.0-NA) (20) 21.6 (12.0-24.0) (25) 0.788
Sex Male 15.9 (4.0-NA) (14) 20.0 (15.0-58.5) (33) 0.744
Female 22.8 (4.0-NA) (15) 20.5 (12.0-25.8) (35) 0.435
Tumor location Head 19.4 (9.4-NA) (24) 20.5 (16.0-58.5) (42) 0.708
Body-tail 40.2 (2.0-NA) (5) 18.5 (11.5-30.0) (26) 0.295
Resectability at diagnosis R 52.7 (10.0-NA) (13) 20.0 (13.0-25.8) (46) 0.204
BR/UR 19.4 (4.0-NA) (16) 28.3 (15.0-NA) (22) 0.341
Type of NAT CT 19.4 (4.0-NA) (17) 18.5 (13.0-23.7) (45) 0.728
CRT 22.8 (8.3-NA) (12) 28.3 (13.5-NA) (23) 0.900
CA 19-9/DUPAN-2 before NAT (U/mL) <37 and <150 Not reached (11) 42.0 (9.2-NA) (18) 0.884
>37 or >150 21.5 (8.3-52.7) (18) 18.5 (13.5-25.8) (50) 0.926
CA 19-9/DUPAN-2 after NAT (U/mL) <37 and <150 52.7 (15.9-NA) (21) 20.0 (13.5-39.0) (35) 0.108
>37 or >150 7.0 (1.7-NA) (8) 20.5 (13.0-35.0) (33) 0.009
Pathological tumor size <20 mm 52.7 (9.4-NA) (16) 28.3 (17.6-58.5) (33) 0.378
>20 mm 21.5 (4.0-NA) (13) 17.1 (12.0-23.0) (35) 0.426
Pathological lymph node metastasis Negative Not reached (18) 23.0 (16.0-53.8) (42) 0.254
Positive 13.6 (2.0-21.5) (11) 18.5 (11.5-22.0) (26) 0.221
R factor 0 22.8 (10.0-NA) (28) 20.0 (15.0-28.3) (63) 0.658

1

BR Borderline resectable, CA 19-9 Carbohydrate antigen 19-9, CRT Chemoradiotherapy, CT Chemotherapy, DUPAN-2 DUKE pancreatic
monoclonal antigen type 2, RF'S Recurrence-free survival, NA Not available, NAT Neoadjuvant therapy, R Resectable, UR Unresectable

who did not have normalized tumor markers before surgery
and who had pathologically positive lymph nodes due to
the insufficient antitumor effect of NAT.

The present study had several limitations. First, given
the retrospective nature of the study, the NAT regimens
were not uniform among the patients included. Second, the
number of patients who underwent surgical resection after
NAT was relatively small, and the number of patients with
pathological lymph node metastasis and nondeclined tumor
marker after NAT particularly so. Hence, a prospective
study with a larger sample size is required for further
confirmation. Despite these limitations, this study demon-
strated that the effect of adjuvant chemotherapy on the
postoperative prognoses of patients with pancreatic cancer
depends on the therapeutic efficacy of NAT.

CONCLUSIONS
Our findings demonstrated that postoperative adjuvant

chemotherapy was associated with improved postoperative
survival among patients with pancreatic cancer who

maintain high serum levels of tumor markers (CA 19-9
>37 U/mL or DUPAN-2 >150 U/mL) or harbor patho-
logical lymph node metastases after NAT.
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