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Efficacy of Adjuvant Chemotherapy According to the
Pathological Response to Neoadjuvant Chemotherapy
Among Patients With Pancreatic Ductal Adenocarcinoma
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Abstract. Background/Aim: An association between the
pathological response to neoadjuvant chemotherapy (NAC)
and the efficacy of adjuvant chemotherapy (AC) in patients
with pancreatic ductal adenocarcinoma (PDAC) remains
unknown. Patients and Methods: A total of 121 patients with
PDAC who underwent a pancreatectomy between January
2013 and March 2020 were divided into two groups: an
upfront surgery (UFS) group (n=42), and an NAC
(gemcitabine plus S-1) group (n=79). In the NAC group, the
pathological response was evaluated using the Evans
classification. Results: The overall survival was significantly
higher in patients with an AC relative dose intensity (RDI)
>80% than in patients with an AC RDI <80% in the UFS,
NAC-Evans Ila, and NAC-Evans IIb+III groups. However,
this difference was not observed in the NAC-Evans I group.
Conclusion: AC is preferable for patients with NAC-Evans
Ila or IIb+III, but more effective AC regimens may be
needed for NAC-Evans I patients.

Adjuvant chemotherapy (AC) has been established as a
treatment component that contributes to an improved
prognosis in patients with pancreatic ductal adenocarcinoma
(PDAC) who have undergone curative surgery (1-5). To
further improve prognosis, neoadjuvant chemotherapy
(NAC) has been developed as a promising treatment for
patients with PDAC (6, 7). The use of both NAC and AC has
been a recent trend in the treatment of resectable PDAC.

In various prospective phase II trials or randomized
controlled trials (RCTs) of NAC with or without radiation
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for resectable or borderline resectable (BR) PDAC,
gemcitabine or S-1 has often been chosen as one of the
chemotherapeutic agents used in both NAC and AC settings
(6-9). Gemcitabine and S-1 are widely known to be key
agents, and their efficacies have been confirmed by RCTs (1,
2). Thus, the number of patients with PDAC who have
received both NAC and AC consisting of gemcitabine or S-
1 is steadily increasing in clinical settings.

NAC followed by surgery has several merits. The
pathological response to NAC can be determined by
examining the subsequently resected specimens; such
information can be helpful in choosing AC agents. However,
whether the use of AC and a high relative dose intensity
(RDI) of AC are effective for patients who have exhibited a
poor pathological response to NAC (NAC non-responders)
remains uncertain, since the same chemotherapeutic agents
are typically administered for both the NAC and AC. A
relationship between the RDI of AC and prognosis has been
reported for various malignancies such as gastric, colon, and
pancreatic cancer (10-12), with reduced RDI being
associated with worse outcomes. However, in patients with
PDAC who have received NAC, this relationship remains
unknown.

The aim of this study was to investigate whether the
impacts of the use of AC and the RDI of AC on patient
outcome differ according to differences in the pathological
response to NAC in patients with PDAC who underwent
curative surgery.

Patients and Methods

Patients and study design. This was a single-center, retrospective
study. The study subjects were patients with PDAC who had
received elective surgery at the Department of Gastroenterological
Surgery, Dokkyo Medical University Hospital, between January
2013 and March 2020. Cases with Stage IV disease, those who had
undergone conversion surgery for locally advanced tumors, those
with R2 resections, those with para-aortic lymph node metastasis,
and in-hospital deaths were excluded. This study was approved by
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the ethics committee of Dokkyo Medical University (Ethical
Committee review number R-14-12J).

The resectability classification of PDAC was based on contrast-
enhanced multidetector-row computed tomography (MDCT)
findings according to the NCCN guidelines version 2, 2018 (13).
Distant metastasis was evaluated using MDCT and/or magnetic
resonance imaging and/or positron emission tomography.

Chemotherapy. NAC and/or AC were performed based on each
patient’s agreement and with his/her informed consent. The NAC
regimen used for each patient was gemcitabine plus S-1 (GS)
according to the results of previous phase II studies (NAC-GS) (14).
Gemcitabine was given at a dose of 1,000 mg/m? on days 1 and 8
of each course. S-1 was provided orally at a dose of 40, 50, or 60
mg/m? twice daily according to the patient’s body surface area
(BSA) (<1.25 m2, 1.25-1.5 m2, or >1.5 m2, respectively) for 14
consecutive days, followed by a 7-day rest. Each course was
repeated every 21 days. Patients received 2 courses of GS therapy
as NAC.

The AC regimen used for each patient was either gemcitabine
monotherapy or S-1 monotherapy. The dosages of gemcitabine and
S-1 given to the patients who received AC were based on the results
of a randomized phase 3 trial for resected pancreatic cancer (1, 2).
Gemcitabine was given at a dose of 1,000 mg/m?2 on days 1, 8, and
15, followed by a 1-week rest period (one cycle). This
administration of gemcitabine was repeated every 4 weeks for up to
six cycles. S-1 was administered orally at a dose of 40, 50, or 60
mg/m? twice daily according to the patient’s BSA (<1.25 m2, 1.25-
1.5 m2, or >1.5 m2, respectively) for 28 consecutive days followed
by a 14-day rest (one cycle). This administration of S-1 was
repeated every 6 weeks for up to four cycles.

When adverse events associated with NAC or AC occurred, the
dosages of gemcitabine and S-1 were reduced based on the degree
of the adverse events or the patient’s condition from 1000 mg/m?2
to 800 mg/m?2 for gemcitabine and from 120 mg to 100 mg, from
100 mg to 80 mg, or from 80 mg to 50 mg a day for S-1 (according
to the patient’s BSA).

NAC-GS and AC were discontinued in cases with metastasis/
recurrence, severe adverse events, or at the patient’s request or if
the protocol treatment was difficult to continue because of a
deterioration in the patient’s condition. Full-dose GS therapy was
started in all the patients who had received NAC. The starting dose
of AC was determined by each physician based on the patient’s
condition prior to the initiation of AC.

The Common Terminology Criteria for Adverse Events, version
5.0, was used to evaluate treatment-related toxicities. The RDIs for
gemcitabine and S-1 were calculated as the dose intensity achieved
according to the standard schedule for each drug. Some patients
received AC beyond the planned cycles. The adverse events and
RDIs of such patients were evaluated for the period lasting until the
end of the planned cycles.

Pathological reviews of the resected specimens were performed
by two pathologists at our institution. Tumors were classified based
on the eight edition of the American Joint Committee on Cancer
staging manual for pancreatic cancer (15). The pathological
response to chemotherapy was categorized according to the Evans
classification as grade I (<10% tumor cell destruction), Ila (10%-
50% tumor cell destruction), IIb (51%-90% tumor cell destruction),
IIT (<10% viable-appearing tumor cells), or IV (no viable tumor
cells) based on the consensus of the two pathologists (16).
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Patients visited the hospital once a month for the first 12 months
after surgery and at 2- to 3-month intervals thereafter. Tumor
markers, including carcinoembryonic antigen and carbohydrate
antigen 19-9, were examined at each visit. Patients were monitored
using contrast-enhanced computed tomography of the chest and
abdomen at 3-month intervals for the first 12 months and at 4-
month intervals thereafter.

Statistical analysis. SPSS version 26.0 (IBM Japan, Tokyo, Japan)
was used for all the statistical analyses. Continuous data were
expressed as the medians with ranges and were compared using the
Mann-Whitney U-test, while categorical data were compared using
the chi-squared test or the Fisher exact test. Survival curves were
calculated using the Kaplan-Meier method and were compared
using the log-rank test. Multiple comparisons were performed using
Bonferroni correction. Univariate and multivariate analyses were
performed using the log-rank test, and the Cox proportional hazard
model with forward stepwise selection was used to identify
predictors of overall survival (OS). The median follow-up period
was calculated as the interval between the date of surgery and the
date of the last follow-up or death. Differences with a p-value <0.05
were considered statistically significant.

Results

A total of 137 patients who were scheduled for elective
surgery were included. Eighty-seven (63.5%) patients
received NAC and 50 (36.5%) did not [upfront surgery
(UFS) group]. None of the patients missed the opportunity
to undergo surgery after receiving 2 courses of NAC. In the
NAC group, 8 (9.2%) patients were excluded from the study
because they subsequently underwent a laparotomy only
[n=7: superior mesenteric artery invasion (n=4), peritoneal
dissemination (n=1), liver metastasis (n=1), para-aortic
lymph node metastasis (n=1)] or because of an in-hospital
death (n=1). In the UFS group, 8 (16%) patients were
excluded from the study because they underwent a
laparotomy only [n=7: peritoneal dissemination (n=3), liver
metastasis (n=2), para-aortic lymph node metastasis (n=1),
liver cirrhosis (n=1)] or because they received an R2
resection (n=1). As a result, 121 patients who underwent a
pancreatectomy with or without AC were eligible for
inclusion in the analysis. Seventy-nine (65.2%) patients
received NAC, and 42 (34.8%) did not. Patients who
received NAC were then divided into 3 groups according to
the Evans classification grade (Evans): 20 patients (25.3%)
were classified as NAC-Evans I, 46 patients (58.2%) were
classified as NAC-Evans Ila, and 13 patients (16.5%) were
classified as NAC-Evans IIb+III [11 with grade IIb (13.9%)
and 2 with III (2.6%)]. AC was used in 65 (82.3%) of the 79
patients in the NAC group and in 30 (71.4%) of the 42
patients in the UFS group. The major reasons why patients
did not receive AC included patient refusal (n=12) and early
recurrence (n=2) in the NAC group and patient refusal (n=9)
and early recurrence (n=3) in the UFS group. The study
cohort of 121 patients included 69 men (57%) and 52 women
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(43%) with a median age of 68 years (range=43-85 years).
The median follow-up period was 17.9 months (range=2.9-
81.4 months) for the entire study cohort. Patients who
received AC in the NAC and UFS groups were then divided
into two groups: those with an RDI of 80%-100%, and those
with an RDI of <80% (Figure 1).

Clinicopathological and surgical data. The clinicopathological
and surgical data for the UFS (n=42), NAC-Evans I (n=20),
NAC-Evans Ila (n=46), and NAC-Evans IIb+III (n=13)
subgroups are compared in Table I. Significant differences in
the pretreatment serum albumin level (p=0.028), the proportion
of portal vein resection (p=0.018), pN stage (p=0.014), pStage
(p=0.004), lymphatic invasion (p=0.001), and venous invasion
(p=0.002) were observed among the 4 groups. However, no
significant inter-group differences in other clinicopathological
or surgical variables were observed.

Neoadjuvant and adjuvant chemotherapy data. The NAC-
and AC-related data for the UFS (n=42), NAC-Evans I
(n=20), NAC-Evans Ila (n=46), and NAC-Evans IIb+III
(n=13) subgroups are shown in Table II. In the NAC group,
a significant difference in the NAC completion rates was
observed among the 3 subgroups (p=0.041). However, no
significant differences in other NAC-related variables were
observed. A significant difference in the RDIs of AC was
observed among the 4 groups (p=0.027). However, no
significant differences in other AC-related variables were
observed.

Overall survival. A comparison of OS in the UFS, NAC-
Evans I, NAC-Evans Ila, and NAC-Evans IIb+III subgroups
is shown in Figure 2. When data for all the patients (n=121)
were examined, a significant stratification of the survival
curves was observed, with a median survival time (MST) of
14.4 months for the NAC-Evans IIb+III group, 20.6 months
for the NAC-Evans Ila group, 21.6 months for the UFS
group, and 12.1 months for the NAC-Evans I group
(p=0.004) (Figure 2A). Among the resectable patients
(n=92), similar results were observed, with an MST of 14 .4
months for the NAC-Evans IIb+III group, 24 months for the
NAC-Evans Ila group, 22 months for the UFS group, and
12.1 months for the NAC-Evans I group (p=0.006) (Figure
2B). However, among BR or unresectable locally advanced
(UR-LA) patients (n=29), survival curve stratification was
not observed, with an MST of 16.1 months for the NAC-
Evans IIb+III group, 13.8 months for the NAC-Evans Ila
group, 17.5 months for the UFS group, and 14.6 months for
the NAC-Evans I group (p=0.600) (Figure 2C).

Overall survival stratified according to AC and the RDI of AC.
A comparison of OS between patients with AC and those
without AC and among patients with an RDI of 80%-100%,

an RDI of <80%, and those without AC are shown for the
UFS (n=42), NAC-Evans I (n=20), NAC-Evans Ila (n=46),
and NAC-Evans IIb+III (n=13) groups in Figure 3. The OS
was significantly higher for patients with AC than for patients
without AC in the UFS and NAC-Evans Ila groups (UFS:
MST of 23.7 months vs. 8.9 months, p=0.004; NAC-Evans
ITa: MST of 24 months vs. 10.2 months, p=0.018) (Figure 3A
and E). However, a similar difference was not observed in the
NAC-Evans I group (MST of 13.6 months vs. 6.7 months,
p=0.531) (Figure 3C). In the NAC-Evans IIb+III group, the
statistical analysis was not evaluable (NE) (MST of 15.2
months vs. 5.8 months, p=NE) (Figure 3G). Patients with an
RDI of 80%-100% had a significantly better OS than patients
with an RDI of <80% in the UFS, NAC-Evans Ila, and NAC-
Evans IIb+III groups (UFS: MST of 28.5 months vs. 17.2
months, p<0.001; NAC-Evans ITa: MST of 32.7 months vs.
10.3 months, p=0.011; and NAC-Evans IIb+III: MST of 28.4
months vs. 10.4 months, p=0.004) (Figure 3B, F, and H).
However, a similar difference was not observed in the NAC-
Evans 1 group (MST of 16.8 months vs. 12.1 months,
p=0.158) (Figure 3D).

Predictors of overall survival. The results of univariate and
multivariate analyses of predictors of OS are shown in Table
II1. Among 20 factors, 6 [resectability status (BR or UR-LA),
NAC-Evans grade II+III, pStage III, histology (moderately
differentiated, poorly differentiated, others), AC (+), and AC
RDI of 80%-100%] were found to be significant in
univariate analyses. A multivariate analysis revealed that
NAC-Evans grade II+III [hazard ratio (HR)=0.552; 95%
confidence interval (CI)=0.344-0.884; p=0.013)] and an AC
RDI of 80%-100% (HR=0.283; 95%CI=0.175-0.456;
p<0.001) were independent predictors of OS.

Discussion

The present study demonstrated that both the use of AC with
gemcitabine or S-1 and an AC RDI =80% conferred no
survival benefit for patients with NAC-Evans I disease, who
typically were not sensitive to NAC using GS (Figure 3C
and D). Accordingly, the use of gemcitabine or S-1 in an
adjuvant setting might not be preferable for patients
classified as NAC-Evans I.

The efficacy of chemotherapy differs among individual
patients because tumor sensitivity to anticancer agents varies
widely (17-19). The pathological response to NAC, as
confirmed by examining resected specimens, can serve as a
kind of “in vivo chemosensitivity test”. The clinical efficacy
of in vitro chemosensitivity tests using cancer cells from
resected specimens of various malignancies, such as gastric,
colorectal, and pancreatic cancer, has been reported (17-19).
Ariake et al. conducted a collagen gel droplet-embedded
culture drug sensitivity test to evaluate the efficacy of 5-
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Study patients
n=137
UFS group NAC-GS group
n=>50 n=_87
Surgery Surgery
Laparotomy only Laparotomy only
n=7 n=7
R2 resection In-hospital death
n=1 n=1
Evans | Evans Ila Evans IIb+I11
n=20 n=46 n=13
AC () AC () AC () AC () AC () AC () AC () AC (9
n=30 n=12 n=18 n=2 n=36 n=10 n=11 n=2
RDI RDI RDI RDI RDI RDI RDI RDI
80-100% <80% 80-100% <80% 80-100% <80% 80-100% <80%
n=20 n=10 n==6 n=12 n=23 n=13 n==6 n=>5

Figure 1. Flow chart showing all the study patients with pancreatic ductal adenocarcinoma.
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Figure 2. Comparisons of overall survival among patients classified as UFS, NAC-Evans 1, Ila, and 1Ib+I111. (A) Overall patients (n=121). (B)
Patients with resectable disease (n=92). (C) Patients with BR or UR-LA (n=29).

fluorouracil (FU)-based S-1 adjuvant chemotherapy in 22
pancreatic cancer patients and demonstrated that 5-FU-
sensitive patients had a better recurrence-free survival
outcome than 5-FU-resistant patients (19). Furthermore, the
sensitivity to 5-FU was an independent predictor of
recurrence. Assessments of the pathological response to
NAC seem to be similar to in vitro chemosensitivity tests,
since both methods examine the chemosensitivity of cancer
cells. The results of the present study suggest that the
pathological response to NAC could be useful for the
selection of anticancer agents in adjuvant settings.

The use of AC led to improved survival in the UFS and
NAC-Evans IIa groups (Figure 3A and E). On the other
hand, a statistical analysis was not performed for the NAC-
Evans IIb+III group because the number of patients was too
small (Figure 3G). An RDI =80% was associated with
improved survival, compared with an RDI <80%, in the

NAC-Evans Ila, NAC-Evans IIb+IlI, and UFS groups
(Figure 3B, F, and H). A multivariate analysis identified
NAC-Evans II+III and an AC RDI 280% as independent
predictors of an improved OS (Table III). Yabusaki et al.
reported that patients with pancreatic cancer who were
treated with gemcitabine, S-1, or gemcitabine plus S-1 and
who had an AC RDI of 280% had a significantly better OS
than patients with an RDI of <80% (12). These results
indicate that gemcitabine or S-1 can be used for AC in
patients with NAC-Evans Ila or IIb+III disease who are
sensitive to NAC. Efforts to maintain an RDI of =80% with
careful adjustments of the doses and schedule of AC and the
management of adverse events are thus indispensable for
improving prognosis. To the best of our knowledge, this is
the first report to demonstrate an association between the
RDI of AC and the outcome of patients with PDAC who
received NAC.
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Table I. Clinicopathological and surgical data (n=121).

UFS NAC-GS

Variables* Evans I Evans Ila Evans IIb+I11 p-Value

(n=42) (n=20) (n=46) (n=13)
Age (years) 69 (46-85) 65 (52-84) 65 (43-82) 70 (47-83) 0.165
Male 29 (69) 10 (50) 24 (52) 6 (46) 0.267
BMI (kg/m?2) 214 (16.1-31.8) 22.7 (17.4-29.2) 209 (15.6-28.9) 24.1 (19.2-30.3) 0.100
Albumin (g/dl) 35(2-47) 3.8 (2.1-45) 39(29-4.8) 3.8 (3.1-4.6) 0.028
CEA (ng/ml) 3.7 (0.7-18.8) 5.2 (1-163) 2.6 (0.8-40.4) 2.3 (0.8-14.9) 0.104
CA19-9 (U/ml) 270.5 (2-12,000) 656.5 (2-12,000) 87.5 (2-12,000) 308 (2-3480) 0.156
Tumor location 0911
Head 27 (64) 14 (70) 28 (61) 8 (62)
Body-tail 15 (36) 6 (30) 18 (39) 5(38)
Resectability status 0.646
Resectable 33 (79) 14 (70) 34 (74) 11 (84)
BR-PV 7(17) 3 (15) 8 (17) 1(8)
BR-A 2(4) 3 (15) 2(4) 1(8)
UR-LA 0 0 2(4) 0
Type of operation 0.172
PD 26 (62) 13 (65) 28 (61) 7 (54)
DP 10 (24) 3 (15) 17 (37) 5(38)
TP 6 (14) 4 (20) 1(2) 1(8)
Portal vein resection 0.018
=) 30 (71) 9 (45) 35 (76) 12 (92)
+) 12 (29) 11 (55) 11 (24) 1(8)
Operative time (min) 484 (195-730) 541 (354-738) 475 (208-734) 500 (242-837) 0.283
Blood loss (ml) 713 (164-3.417) 834 (217-2,607) 642 (50-3,579) 717 (234-2,275) 0.363
Morbidity** 0.891
0,1, 1I 32 (76) 15 (75) 32 (70) 10 (77)
11, IV 10 (24) 5(25) 14 (30) 3(23)
Hospital stay (days) 28 (11-90) 24 (12-79) 22 (11-153) 17 (10-47) 0.204
pT stage 0.478
T1 6 (14) 4 (20) 13 (28) 5(38)
T2 27 (64) 10 (50) 26 (57) 6 (46)
T3 7(17) 3(15) 409 2 (16)
T4 2(5) 3 (15) 3 (6) 0
pN stage 0.014
NO 12 (29) 6 (30) 23 (50) 8 (62)
N1 19 (45) 8 (40) 21 (46) 5(38)
N2 11 (26) 6 (30) 2 (4) 0
pStage 0.004
1A 1(2) 1(5) 11 (24) 4 (31)
1B 8 (19) 4 (20) 11 (24) 2 (15)
IIA 1(2) 0 1(2) 2 (15)
1B 19 (45) 7 (35) 18 (39) 5(38)
111 13 (31) 8 (40) 5(11) 0
Cytology*** 0.648
=) 17 (89) 15 (100) 27 (90) 10 (91)
+) 2 (11) 0 3 (10) 19
Histology**** 0.394
Well 14 (33) 7 (35) 19 (41) 5(38)
Moderately 26 (62) 8 (40) 22 (48) 7 (54)
Poorly 1(2) 4 (20) 409 0
Others 1(2) 1(5) 1(2) 0
Lymphatic invasion 0.001
) 6 (14) 2 (10) 19 (41) 7 (54)
(+) 36 (86) 18 (90) 27 (59) 6 (46)
Venous invasion 0.002
=) 5(12) 0 6 (13) 6 (46)
(+) 37 (88) 20 (100) 40 (87) 7 (54)
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Table 1. Continued

UFS NAC-GS
Variables* Evans I Evans Ila Evans IIb+I1I p-Value
(n=42) (n=20) (n=46) (n=13)
Perineural invasion 0.672
=) 6 (14) 2 (10) 5 (11) 3(23)
(+) 36 (86) 18 (90) 41 (89) 10 (77)
Surgical margin 0.052
RO 35 (83) 17 (85) 45 (98) 13 (100)
R1 7 (17) 3 (15) 1(2) 0

BMI: Body mass index; BR-A: borderline resectable-artery; BR-PV: borderline resectable-portal vein; CA19-9: carbohydrate antigen 19-9; CEA:
carcinoembryonic antigen; DP: distal pancreatectomy; NAC-GS: neoadjuvant chemotherapy-gemcitabine plus S-1; PD: pancreaticoduodenectomy;
TP: total pancreatectomy; UFS: upfront surgery; UR-LA: unresectable-locally advanced. *Data are expressed as median (range) or as n (%);
**Clavien-Dindo classification grade; ***Intra-operative peritoneal washing cytology was not performed in 46 patients; ****n=1, missing data

(Evans IIb+III). Bold values indicate statistical significance.

Table II. Neoadjuvant and adjuvant chemotherapy data (n=121).

UFS NAC-GS

Variables* Evans I Evans Ila Evans IIb+I1I p-Value

(n=42) (n=20) (n=46) (n=13)
NAC-related
RDI (%) 87.5 (46.4-100) 90.8 (35-100) 95 (47.5-100) 0.584
Completion 8 (40) 26 (57) 11 (85) 0.041
Days until surgery 47 (35-74) 47 (16-84) 50 (42-75) 0.256
CEA after NAC (ng/ml) 4.7 (0.9-97.5) 2.9 (0.7-47.1) 2.6 (0.9-9.6) 0.316
CA19-9 after NAC (U/ml) 168 (2-11,300) 50 (2-12,000) 54 (2-346) 0.187
Reduction rate of CEA (%) 11 (-164-94) -15 (-625-98) 0 (-184-78) 0.440
Reduction rate of CA19-9 (%) 59 (-60-96) 38 (-5404-92) 54 (0-96) 0.200
AC 0.376
(=) 12 (29) 2 (10) 10 (22) 2 (15)
(+) 30 (71) 18 (90) 36 (78) 11 (85)
AC agents 0.884
S-1 27 (90) 16 (89) 34 (94) 10 (91)
Gemcitabine 3 (10) 2 (11) 2 (6) 19
AC-related
RDI (%) 80 (20-100) 50 (6.3-100) 80 (5.4-100) 85 (40-100) 0.036
Completion 21 (70) 7 (39) 22 (61) 7 (64) 0.197
Days until AC 56 (26-220) 66 (32-148) 59 (21-225) 50 (30-145) 0.352

AC: Adjuvant chemotherapy; CA19-9: carbohydrate antigen 19-9; CEA: carcinoembryonic antigen; NAC-GS: neoadjuvant chemotherapy-
gemcitabine plus S-1; RDI: relative dose intensity; UFS: upfront surgery. *Data are expressed as median (range) or as n (%). Bold values indicate

statistical significance.

From the viewpoint of tumor sensitivity to anticancer
agents, switching to other regimens with different drug
characteristics, such as fluorouracil, leucovorin, irinotecan,
and oxaliplatin (FOLFIRINOX) or gemcitabine plus nab-
paclitaxel (GN) therapy, may be advisable in adjuvant
settings, especially for patients with NAC-Evans I disease.
Conroy et al. demonstrated that AC using a modified

FOLFIRINOX regimen led to a significantly longer survival
period than AC with gemcitabine among 493 patients with
resected pancreatic cancer in a randomized phase 3 trial
(median OS: 54.4 months vs. 35 months, p=0.003) (4).
Tempero et al. revealed that AC using GN contributed to an
improved survival, compared with AC using gemcitabine, in
866 surgically resected pancreatic cancer patients in a
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UEFS group (n=42)
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Figure 3. Continued
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Figure 3. Comparisons of overall survival between patients with AC and those without AC and among patients with an RDI of 80%-100%, patients
with an RDI <80%, and those without AC are shown for the UFS (n=42) (A, B), NAC-Evans I (n=20) (C, D), NAC-Evans Ila (n=46) (E, F), and
NAC-Evans IIb+11I (n=13) (G, H) groups.

Table 1I1. Univariate and multivariate analyses of predictors of overall survival (n=121).

Uni* Multi**
Variables n p-Value HR 95%CI1 p-Value
Age =70 years 54 0.181
Male 69 0914
BMI <20 kg/m? 38 0.187
CEA >5 ng/ml 44 0.518
CA19-9 >37 U/ml 87 0.266
Resectability status (BR or UR-LA) 29 0.017 - - -
NAC (+) 79 0.276
NAC-Evans grade II+I11 59 0.004 0.552 0.344-0.884 0.013
Surgical procedure (PD) 74 0.199
Operation time =480 min 65 0.644
Blood loss =1,000 ml 30 0.566
Clavien-Dindo grade III, IV 32 0.337
pStage III 26 0.002 - - -
Histology (moderately, poorly, others) 75 0.031 - - -
Lymphatic invasion (+) 87 0.103
Venous invasion (+) 104 0.349
Neural invasion (+) 105 0.767
Resection margin (+) 11 0.538
AC (+) 95 <0.001 - - -
AC RDI of 80%-100% 55 <0.001 0.283 0.175-0.456 <0.001

AC: Adjuvant chemotherapy; BMI: body mass index; BR: borderline resectable; CA19-9: carbohydrate antigen 19-9; CEA: carcinoembryonic antigen; CI:
confidence interval; HR: hazard ratio; NAC: neoadjuvant chemotherapy; PD: pancreaticoduodenectomy; RDI: relative dose intensity; UR-LA: unresectable-
locally advanced. *Log-rank test; **Cox proportional hazard model with forward stepwise selection. Bold values indicate statistical significance.

randomized phase 3 trial (median OS: 40.5 months vs. 36.2  Evans IIb+III patients having the longest survival period
months, p=0.045) (5). followed by NAC-Evans Ila patients, UFS patients, and

Overall, the survival curves were clearly stratified NAC-Evans I patients (Figure 2A). Stratification of the
according to the pathological response to NAC, with NAC-  survival curves was also observed for patients with
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resectable PDAC, but not for patients with BR or UR-LA
PDAC (Figure 2B and C). The results of an RCT using
NAC-GS demonstrated that the superiority of NAC-GS to
UFS with respect to OS was only evident for patients with
resectable or BR-PV PDAC (20). The usefulness of NAC-
GS for patients with BR-A or UR-LA PDAC remains
uncertain. Possible reasons for these results include: 1) the
biological behavior of the tumor, such as its invasiveness and
aggressiveness, might influence the pathological response to
NAC, or 2) a good pathological response to NAC might
enable tumor downstaging.

The RDI of AC was significantly lower in patients
classified as NAC-Evans I because of the frequent and early
development of tumor recurrence, compared with the other
groups (Table II). Although significantly lower NAC
completion rates were observed in patients with NAC-Evans
I, the RDI of NAC was similar among patients classified as
NAC-Evans I, ITa, and IIb+III (Table II). Accordingly, the
associations among the RDI, the completion rate of NAC,
and the pathological response to NAC remain uncertain.

Our study has some limitations. First, this was a single-
center, retrospective study that analyzed data for only a small
number of Japanese patients with PDAC during a 7-year
period. Within this study period, the indications for NAC
were not uniform. Second, a selection bias might have
existed in this series, since various factors including pre-,
intra-, and post-operative variables and the patients’ age and
general conditions could have influenced the selection of
NAC and AC. Third, decisions regarding the starting doses
and the discontinuation of AC varied among the physicians.
Therefore, further prospective studies with larger numbers of
patients are necessary to reach definitive conclusions.

In conclusion, a pathological response to NAC influences the
efficacy of AC and is associated with an improved prognosis.
In particular, AC is preferable for patients with NAC-Evans Ila
or IIb+III disease, while more effective AC regimens may be
advisable for patients with NAC-Evans I disease.

Conflicts of Interest

The Authors have no conflicts of interest to declare in relation to
this study.

Authors’ Contributions

Study concept and design: S.M.; drafting of the manuscript: S.M.;
data collection: SM., Y.S., TS.,, T.Y., KP.,, TM., TS., and YI,;
critical revision of the manuscript: T.A.; study supervision: K.K.

Acknowledgements

The Authors received no funding/grant support for this study. The
Authors thank the pathologists at our institution for providing
detailed information regarding the pathological reviews.

1638

References

1

Oettle H, Neuhaus P, Hochhaus A, Hartmann JT, Gellert K,
Ridwelski K, Niedergethmann M, Ziilke C, Fahlke J, Arning
MB, Sinn M, Hinke A and Riess H: Adjuvant chemotherapy with
gemcitabine and long-term outcomes among patients with
resected pancreatic cancer: the CONKO-001 randomized trial.
JAMA 310(14): 1473-1481, 2013. PMID: 24104372. DOLI:
10.1001/jama.2013.279201

Uesaka K, Boku N, Fukutomi A, Okamura Y, Konishi M,
Matsumoto I, Kaneoka Y, Shimizu Y, Nakamori S, Sakamoto H,
Morinaga S, Kainuma O, Imai K, Sata N, Hishinuma S, Ojima H,
Yamaguchi R, Hirano S, Sudo T, Ohashi Y and JASPAC 01 Study
Group.: Adjuvant chemotherapy of S-1 versus gemcitabine for
resected pancreatic cancer: a phase 3, open-label, randomised,
non-inferiority trial (JASPAC 01). Lancet 388(10041): 248-257,
2016. PMID: 27265347. DOI: 10.1016/S0140-6736(16)30583-9

Neoptolemos JP, Palmer DH, Ghaneh P, Psarelli EE, Valle JW,
Halloran CM, Faluyi O, O’Reilly DA, Cunningham D, Wadsley
J, Darby S, Meyer T, Gillmore R, Anthoney A, Lind P, Glimelius
B, Falk S, Izbicki JR, Middleton GW, Cummins S, Ross PJ,
Wasan H, McDonald A, Crosby T, Ma YT, Patel K, Sherriff D,
Soomal R, Borg D, Sothi S, Hammel P, Hackert T, Jackson R,
Biichler MW and European Study Group for Pancreatic Cancer:
Comparison of adjuvant gemcitabine and capecitabine with
gemcitabine monotherapy in patients with resected pancreatic
cancer (ESPAC-4): a multicentre, open-label, randomised, phase
3 trial. Lancet 389(10073): 1011-1024, 2017. PMID: 28129987.
DOI: 10.1016/S0140-6736(16)32409-6

Conroy T, Hammel P, Hebbar M, Ben Abdelghani M, Wei AC,
Raoul JL, Choné L, Francois E, Artru P, Biagi JJ, Lecomte T,
Assenat E, Faroux R, Ychou M, Volet J, Sauvanet A,
Breysacher G, Di Fiore F, Cripps C, Kavan P, Texereau P,
Bouhier-Leporrier K, Khemissa-Akouz F, Legoux JL, Juzyna
B, Gourgou S, O’Callaghan CJ, Jouffroy-Zeller C, Rat P,
Malka D, Castan F, Bachet JB and Canadian Cancer Trials
Group and the Unicancer-GI-PRODIGE Group: FOLFIRINOX
or gemcitabine as adjuvant therapy for pancreatic cancer. N
Engl J Med 379(25): 2395-2406, 2018. PMID: 30575490. DOI:
10.1056/NEJMoal809775

Tempero M, Reni M, Riess H, Pelzer U, O’reilly E, Winter J,
Oh D, Li C, Tortora G, Chang H, Lopez C, Tabernero J, Van
cutsem E, Philip P, Goldstein D, Berlin J, Ferrara S, Li M, Lu B
and Biankin A: APACT: phase III, multicenter, international,
open-label, randomized trial of adjuvant nab-paclitaxel plus
gemcitabine (nab-P/G) vs. gemcitabine (G) for surgically
resected pancreatic adenocarcinoma. Journal of Clinical
Oncology 37(15_suppl): 4000-4000, 2020. DOI: 10.1200/JCO.
2019.37.15_suppl.4000

Versteijne E, Vogel JA, Besselink MG, Busch ORC, Wilmink
JW, Daams JG, van Eijck CHJ, Groot Koerkamp B, Rasch CRN,
van Tienhoven G and Dutch Pancreatic Cancer Group.: Meta-
analysis comparing upfront surgery with neoadjuvant treatment
in patients with resectable or borderline resectable pancreatic
cancer. Br J Surg 705(8): 946-958, 2018. PMID: 29708592.
DOI: 10.1002/bjs.10870

Motoi F and Unno M: Neoadjuvant treatment for resectable
pancreatic adenocarcinoma: What is the best protocol?. Ann
Gastroenterol Surg 4(2): 100-108, 2020. PMID: 32258974. DOI:
10.1002/ags3.12311



Mori et al: Efficacy of AC According to the Pathological Response to NAC

8

Jang JY, Han Y, Lee H, Kim SW, Kwon W, Lee KH, Oh DY,
Chie EK, Lee JM, Heo JS, Park JO, Lim DH, Kim SH, Park SJ,
Lee WI, Koh YH, Park JS, Yoon DS, Lee 1J and Choi SH:
Oncological benefits of neoadjuvant chemoradiation with
gemcitabine versus upfront surgery in patients with borderline
resectable pancreatic cancer: A prospective, randomized, open-
label, multicenter phase 2/3 trial. Ann Surg 268(2): 215-222,
2018. PMID: 29462005. DOI: 10.1097/SLA.0000000000002705
Motoi F, Kosuge T, Ueno H, Yamaue H, Satoi S, Sho M, Honda
G, Matsumoto I, Wada K, Furuse J, Matsuyama Y, Unno M and
Study Group of Preoperative Therapy for Pancreatic Cancer
(Prep) and Japanese Study Group of Adjuvant Therapy for
Pancreatic cancer (JSAP): Randomized phase II/III trial of
neoadjuvant chemotherapy with gemcitabine and S-1 versus
upfront surgery for resectable pancreatic cancer (Prep-
02/JSAPOS). Jpn J Clin Oncol 49(2): 190-194, 2019. PMID:
30608598. DOI: 10.1093/jjco/hyy190

10 Aoyama T, Yoshikawa T, Shirai J, Hayashi T, Yamada T, Tsuchida

11

K, Hasegawa S, Cho H, Yukawa N, Oshima T, Rino Y, Masuda
M and Tsuburaya A: Body weight loss after surgery is an
independent risk factor for continuation of S-1 adjuvant
chemotherapy for gastric cancer. Ann Surg Oncol 20(6): 2000-
2006, 2013. PMID: 23242818. DOI: 10.1245/s10434-012-2776-6
Aspinall SL, Good CB, Zhao X, Cunningham FE, Heron BB,
Geraci M, Passero V, Stone RA, Smith KJ, Rogers R, Shields J,
Sartore M, Boyle DP, Giberti S, Szymanski J, Smith D, Ha A,
Sessions J, Depcinski S, Fishco S, Molina I, Lepir T, Jean C, Cruz-
Diaz L, Motta J, Calderon-Vargas R, Maland J, Keefe S, Tague M,
Leone A, Glovack B, Kaplan B, Cosgriff S, Kaster L, Tonnu-
Mihara I, Nguyen K, Carmichael J, Clifford L, Lu K and Chatta
G: Adjuvant chemotherapy for stage III colon cancer: relative dose
intensity and survival among veterans. BMC Cancer /5: 62, 2015.
PMID: 25884851. DOI: 10.1186/s12885-015-1038-y

12 Yabusaki N, Fujii T, Yamada S, Murotani K, Sugimoto H, Kanda

13

14

M, Tanaka C, Nakayama G, Sugimoto H, Koike M, Fujiwara M
and Kodera Y: The significance of relative dose intensity in
adjuvant chemotherapy of pancreatic ductal adenocarcinoma-
including the analysis of clinicopathological factors influencing
relative dose intensity. Medicine (Baltimore) 95: e4282, 2016.
PMID: 27442667. DOIL: 10.1097/MD.0000000000003582
National Comprehensive Cancer Network. NCCN clinical
practice guidelines in oncology (NCCN Guidelines). Pancreatic
adenocarcinoma. Version 2. 2018 Available at: http://
www.neen.org/professionals/physician_gls/pdf/pancreatic.pdf
[Last accessed on January 30, 2021]

Motoi F, Ishida K, Fujishima F, Ottomo S, Oikawa M, Okada T,
Shimamura H, Takemura S, Ono F, Akada M, Nakagawa K,
Katayose Y, Egawa S and Unno M: Neoadjuvant chemotherapy
with gemcitabine and S-1 for resectable and borderline pancreatic
ductal adenocarcinoma: results from a prospective multi-
institutional phase 2 trial. Ann Surg Oncol 20(12): 3794-3801,
2013. PMID: 23838925. DOI: 10.1245/510434-013-3129-9

15

16

17

18

19

20

Amin MB, Edge S, Greene F, Byrd DR, Brookland RK,
Washington MK, Gershenwald JE, Compton CC, Hess KR,
Sullivan DC, Jessup JM, Brierley JD, Gaspar LE, Schilsky RL,
Balch CM, Winchester DP, Asare EA, Madera M, Gress DM and
Meyer LR: AJCC cancer staging manual. Eight Edition. New
York: Springer, 2017.

Evans DB, Rich TA, Byrd DR, Cleary KR, Connelly JH, Levin B,
Charnsangavej C, Fenoglio CJ and Ames FC: Preoperative
chemoradiation and pancreaticoduodenectomy for adenocarcinoma
of the pancreas. Arch Surg /27(11): 1335-1339, 1992. PMID:
1359851. DOI: 10.1001/archsurg.1992.01420110083017
Tanigawa N, Yamaue H, Ohyama S, Sakuramoto S, Inada T,
Kodera Y, Kitagawa Y, Omura K, Terashima M, Sakata Y,
Nashimoto A, Yamaguchi T, Chin K, Nomura E, Lee SW,
Takeuchi M, Fujii M and Nakajima T: Exploratory phase II trial
in a multicenter setting to evaluate the clinical value of a
chemosensitivity test in patients with gastric cancer (JACCRO-
GC 04, Kubota memorial trial). Gastric Cancer /9(2): 350-360,
2016. PMID: 26385385. DOI: 10.1007/s10120-015-0506-z
Ochiai T, Nishimura K, Watanabe T, Kitajima M, Nakatani A,
Nagayasu K, Naito S, Sato T, Kishine K, Abe Y, Hara C,
Yamada S, Mashiko S and Nagaoka I: Impact of the
individualization of the first-line chemotherapy for advanced
colorectal cancer based on collagen gel droplet-embedded drug
sensitivity test. Oncol Lett /4(5): 6045-6052, 2017. PMID:
29113244. DOI: 10.3892/01.2017.6960

Ariake K, Motoi F, Mizuma M, Ohtsuka H, Hayashi H,
Nakagawa K, Hata T, Mitachi K, Naitoh T, Kamei T and Unno
M: Collagen gel droplet-embedded culture drug sensitivity test
(CD-DST) predicts the effect of adjuvant chemotherapy on
pancreatic cancer. Surg Today 49(7/2): 1035-1043,2019. PMID:
31267224. DOI: 10.1007/s00595-019-01842-5

Unno M, Motoi F, Matsuyama Y, Satoi S, Matsumoto I, Aosasa
S, Shirakawa H, Wada K, Fujii T, Yoshitomi H, Takahashi S,
Sho M, Ueno H and Kosuge T: Randomized phase II/III trial of
neoadjuvant chemotherapy with gemcitabine and S-1 versus
upfront surgery for resectable pancreatic cancer (Prep-02/JSAP-
05). Journal of Clinical Oncology 37(4_suppl): 189-189, 2020.
DOI: 10.1200/JC0O.2019.37.4_suppl.189

Received January 21, 2021
Revised February 1, 2021
Accepted February 2, 2021

1639



