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Background: This study investigates the association between the preoperative serum CA19-9 and the
effects of adjuvant chemotherapy (CT), and its impact on survival in patients undergoing curative resection
for pancreatic adenocarcinoma (PAC).

Methods: From January 01, 2015 to June 30, 2017, we retrospectively reviewed 421 PAC patients who
underwent radical resection. The association between preoperative CA19-9 and disease-free survival (DFS),
and overall survival (OS) was analyzed using Kaplan-Meier method and Cox proportional hazards model.
Results: A total of 354 patients eligible for this study were classified into three groups according to
preoperative CA19-9: G1 (<87 U/mL), G2 (87-322 U/mL) and G3 (322 U/mL), in tertiles. Multivariable
analysis showed preoperative CA19-9 and adjuvant CT were both independent predictors of DFS and
OS. Subgroup analyses showed the multivariable-adjusted hazard ratios (HR) of DFS for patients treated
with adjuvant CT were 0.54 (95% CI, 0.33-0.86), 0.63 (95% CI, 0.40-0.97) and 0.32 (95% CI, 0.21-0.49)
in G1, G2 and G3, respectively. A trend of decreasing HR of recurrence risk was observed in the higher
preoperative CA 19-9 group treated with CT.

Conclusions: High preoperative CA19-9 is an emerging biomarker that identifies a more aggressive PAC
subgroup, which might benefit more from postoperative CT.
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Introduction survival time ranges from 25 to 30 months, while the 5-year

. . o
Pancreatic adenocarcinoma (PAC) is one of the most deadly survival rate is merely 20% (4).

and devastating cancers. Pancreatic cancer is rated the sixth Various adjuvant therapies, including chemotherapy (CT)

and the seventh leading cause of cancer death in China and with or without radiotherapy (RT), have been extensively

worldwide, respectively (1,2). The 5-year survival rate of
PAC is approximately 8% (3). Only around 20% of cases
are surgically resectable. For such patients, the median
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investigated over the past few decades to improve the survival
of patients with early-stage PAC. Randomized clinical trials
have demonstrated improved survival with adjuvant CT (5-8).
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However, additional adjuvant RT has been controversial,
considering the conflicting results of several studies (9-11).
Although adjuvant therapies can improve survival for some
patients, the overall survival (OS) and disease-free survival
(DFS) are still unmet clinical need. The mixed results of
survival benefit from adjuvant CT may be explained by
the high heterogeneity of PAC. Multiple studies have
determined several important prognostic factors, including
surgical margins and lymphovascular invasion (12-16).
But none of these factors could predict recurrence and
survival before surgery. CA19-9, the most clinically useful
and valuable tumor biomarker in PAC, was found to be
associated with tumor burden and respectability (17), as
well as recurrence and survival (18-20). Therefore, we
hypothesized that preoperative serum CA19-9 levels may
be a helpful biomarker to identify the highly aggressive
PAC subgroup, those of which might benefit more from
postoperative CT. This study aims to investigate the
association between preoperative serum CA19-9 levels and
clinical prognosis, including DFS and OS in patients with
resectable PAC.

Methods
Study cobort

From January 01, 2015 to June 30, 2017, the clinical data of
421 patients who underwent radical resection were retrieved
from the medical records of the PLA General Hospital
database. Available data included demographics, pathological
data from resected specimens, preoperative serum CA19-9
levels, types of treatment, and the date of disease recurrence/
metastasis and/or death. The pathological stage was re-
determined according to the 8th edition of the American
Joint Committee on Cancer (AJCC) Staging Manual (9).
None of the patients had received preoperative treatment.
The inclusion criteria were: (I) age >18 years; (II) radical
resection of pancreatic cancer (RO or R1); (III) histologically
confirmed PAC without distant metastasis; (IV) WHO
Performance Status 0 to 2. The exclusion criteria were: (I)
loss of follow-up; (II) palliative or R2 resection; and (III) lack
of data on preoperative CA19-9 levels. This retrospective
study was approved by the ethics committee of the Chinese
People’s Liberation Army (PLA) General Hospital.

Adjuvant therapy and follow-up

Adjuvant CT was administered within 3 months after
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surgery. Eight cycles of gemcitabine (GEM) plus S-1 or
GEM monotherapy or S-1 monotherapy were planned
for postoperative patients. GEM was administered at
1,000 mg/rn2 intravenously on days 1 and 8, S-1 was given
twice a day orally at 80-120 mg/d on days 1 through
14 of each 21-day cycle. Contrast enhanced computer
tomography were scheduled every 3 months within 3 years
after the surgery, and every 6 months thereafter. All patients
were tracked for survival status until June 30, 2018.

CA19-9 testing method

The serum levels of CA19-9 were detected using standard
electrochemiluminescence immunoassays. According to the
manufacturer’s instructions, the recommended upper limit
of normal CA19-9 levels is 37 U/mL. Preoperative CA19-

9 levels were measured in patients within 30 days before

surgery.

Statistical analysis

Disease recurrence included local/regional recurrence
(recurrence in the pancreatic bed, root of mesentery, soft
tissues, or lymph nodes adjacent to the pancreatic bed) and
distant failure (spreading of tumor to the liver, lungs, or
other distant organs). DFS was defined as the time from the
date of surgery to the date of first recurrence/metastasis or
to the date of last follow-up (in patients without recurrence/
metastasis). OS was defined as the time from the date of
surgery to the date of death or the date of last follow-up (if
death did not occur).

Pearson’s chi-square test was performed to test the
correlation of preoperative serum CA19-9 levels with
other variables. Survival was estimated using Kaplan-Meier
survival curves, and compared using the log-rank test. The
Cox proportional hazards ratio (HR) was used to identify
the impact of variables on DFS and OS. A P<0.05 was
considered to be statistically significant. Data were analyzed
using the SPSS v22.0 (IBM, Armonk, NY, USA).

Results

Clinicopathologic features and the correlation with
preoperative CA19-9 levels

Of the 421 patients examined, 67 were excluded for the
following reasons: lost to follow-up (N=55), lack of data
on serum CA19-9 levels (N=10) and R2 surgical margins
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Figure 1 Kaplan-Meier survival curves according to preoperative CA19-9 levels: (A) the median disease-free (DFS) survival in G1, G2 and

G3 group were 10.6, 9.7, and 5.7 months, respectively; (B) the median overall survival (OS) in G1, G2 and G3 group were 28.8, 19.0 and
15.5 months, respectively (G1: CA19-9 <87 U/mL; G2: CA19-9 87-322 U/mL; G3: CA19-9 >322 U/mL).

(N=2) (Figure SI). In a total of 354 eligible patients, the
median age of patients was 60 years, and 224 (63.3%)
patients were males. Performance status were 0, 1 and
2 score in 76 (21.5%), 170 (48.0%) and 108 (30.5%)
patients, respectively. Surgical margins were identified
as R1 (presence of tumor cells within 1 mm of ink) or RO
(absence of tumor cells within 1 mm of ink) in 17 (4.8%)
and 337 (95.2%) patients, respectively. Patients with stage
I, IT and TII were 168 (47.5%), 158 (44.6%) and 28 (7.9%),
respectively. A total of 119 (33.6%) patients received
at least 2 cycles of adjuvant CT (median 6 cycles, range
from 2 to 8 cycles), including 25 patients who received
chemoradiation therapy, and 235 (66.4%) patients did
not receive adjuvant therapies. In 119 patients received
adjuvant CT, 49 (41.2%) of them received less than
6 cycles of CT. Patients were classified into three
groups according to their CA19-9 levels (range from
0.4-6,641 U/mL): G1 (<87 U/mL), G2 (87322 U/mL)
and G3 (>322 U/mL) (in tertiles, 118 patients per group).
The correlations between preoperative CA19-9 levels
in the serum and baseline characteristics of 354 patients
are detailed in Tuble S1. The proportion of patients who
underwent R1 resection in patients with preoperative
CA19-9 levels >322 U/mL were 8.5%, significantly higher
than those with preoperative CA19-9 levels <87 U/mL
(0.8%) and those with preoperative CA19-9 levels of
87-322 U/mL (5.1%) (P=0.023). There was no correlation
observed between preoperative CA19-9 levels and other
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baseline characteristics.

Survival analysis

The median follow-up time was 22.7 months (range, 6.5
to 41.8 months). By June 30, 2018, the median DFS and
OS of 354 patients were 8.6 and 19.4 months, respectively.
The 1- and 3-year recurrence rates were 75% and 86%,
respectively. The 1- and 3-year survival rates were 52%
and 28%, respectively. Patients with higher preoperative
CA19-9 levels had lower survival rates. The median DFS
for G1 vs. G2 vs. G3 were 10.6 vs. 9.7 vs. 5.7 months,
respectively (Figure 1A4). The differences in DFS were
significant between the G1 and G3 patients (P<0.001), as
well as between the G2 and G3 patients (P=0.003). The
median OS for G1 vs. G2 vs. G3 were 28.8 vs. 19.0 vs. 15.5
months, respectively (Figure 1B). The differences in OS
were significant between the G1 and G3 (P=0.003), but not
between the G2 and G3 (P=0.13).

A multivariable Cox proportional hazards model was
developed adjusted by the co-variables with P<0.05 in the
univariable analysis (Table 1). Multivariable analysis showed
that performance status, tumor grade, surgical margins,
TNM stage, preoperative CA19-9 levels and adjuvant CT
were independent predictors of DFS. The performance
status, TNM stage, preoperative CA19-9 levels and
adjuvant CT were independent predictors of OS. Patients
who received adjuvant CT had a significantly decreased
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Table 1 Association between clinicopathologic factors and DFS, and OS in 354 PAC patients

DFS oS
Variables Univariable analysis Multivariable analysis Univariable analysis Multivariable analysis
HR (95% ClI) P value HR (95% CI) P value HR (95% ClI) P value HR (95% ClI) P value
Age (years) 0.39 0.18
<60 1 (ref) NA NA 1 (ref) NA NA
>60 0.90 (0.71-1.14) 1.22 (0.91-1.63)
Gender 0.22 0.69
Male 1 (ref) NA NA 1 (ref) NA NA
Female 0.86 (0.67-1.10) 0.94 (0.69-1.28)
Performance status
0 1 (ref) 1 (ref) 1 (ref) 1 (ref)
1 1.83(1.31-2.55) <0.001* 1.83(1.31-2.57) <0.001*  1.63 (1.08-2.46) 0.02* 1.54 (1.02-2.34) 0.041*
2 2.52(1.78-3.58) <0.001* 2.73(1.90-3.92) <0.001* 1.71(1.10-2.66) 0.017* 1.78(1.13-2.80)  0.013*
Location 0.5 0.26
Head and neck 1 (ref) NA NA 1 (ref) NA NA
Body and tail 0.92 (0.72-1.18) 0.84 (0.61-1.14)
Tumor grade 0.001* 0.002¢ 0.089
Well-moderate 1 (ref) 1 (ref) 1 (ref) NA NA
Poor 1.49 (1.18-1.89) 1.45 (1.14-1.85) 1.29 (0.96-1.73)
Surgical margin 0.012* 0.01* 0.001* 0.001*
RO 1 (ref) 1 (ref) 1 (ref) 1 (ref)
R1 1.96 (1.16-3.30) 2.60 (1.51-4.50) 2.56 (1.48-4.42) 2.60 (1.48-4.56)
Chemotherapy <0.001* <0.001* <0.001* <0.001*
No 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Yes 0.60 (0.46-0.77) 0.46 (0.36-0.61) 0.44 (0.32-0.62) 0.40 (0.28-0.57)
TNM stage
1] 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Il 0.46 (0.30-0.70) <0.001*  0.60(0.39-0.93) 0.022*  0.40(0.25-0.65) <0.001*  0.51(0.31-0.84)  0.008*
| 0.40 (0.26-0.60) <0.001*  0.42 (0.28-0.65) <0.001* 0.35(0.21-0.56) <0.001*  0.34 (0.21-0.56) <0.001*
Preoperative CA19-9
G3 1 (ref) 1 (ref) 1 (ref) 1 (ref)
G2 0.66 (0.49-0.87)  0.003* 0.59 (0.44-0.80) 0.001*  0.77 (0.55-1.08) 0.13 0.77 (0.54-1.10) 0.15
G1 0.60 (0.45-0.80) <0.001*  0.59 (0.44-0.79) <0.001* 0.57 (0.40-0.83) 0.003* 0.59 (0.40-0.87)  0.007*

Multivariable hazard ratio of DFS was adjusted for: Performance status; Tumor grade; Surgical margin; Chemotherapy; TNM stage;
Preoperative CA19-9. Multivariable hazard ratio of OS was adjusted for: Performance status; Surgical margin; Chemotherapy; TNM stage;
Preoperative CA19-9. *, statistically significant. Cl, confidence interval; DFS, disease-free survival; HR, hazards ratio; G1, CA19-9 <87 U/
mL; G2, CA19-9 87-322 U/mL; G3, CA19-9 >322 U/mL. NA, not applicable; OS, overall survival; PAC, pancreatic adenocarcinoma; TNM
stage, staging based on AJCC staging system 8th edition.
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No chemotherapy

28.4
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Multivariable hazard ratio of DFS was adjusted for: Performance status; Tumor grade; Surgical margin; Chemotherapy; TNM stage; Preoperative CA19-9. Multivariable
hazard ratio of OS was adjusted for: Performance status; Surgical margin; Chemotherapy; TNM stage; Preoperative CA19-9. *, statistically significant. Cl, confidence

interval; DFS, disease-free survival; HR, hazards ratio; NR, not reached; OS, overall survival; PAC, pancreatic adenocarcinoma.
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risk of recurrence [HR 0.46; 95% confidence interval
(CI), 0.36-0.61, P<0.001] and death (HR 0.40; 95% CI,
0.28-0.57, P<0.001) compared to those who did not receive
adjuvant CT. Patients in the G1 group had a significantly
lower risk of recurrence (HR 0.59; 95% CI, 0.44-0.79) and
death (HR 0.59; 95% CI, 0.40-0.87, P<0.001) compared
to patients in the G3 group. Moreover, patients in the G2
group had a significantly lower risk of recurrence (HR
0.59; 95% CI, 0.44-0.80, P=0.001) compared to patients
in the G3 group. The median OS in the G2 group was
much longer than that observed in the G3 group (19.0 vs.
15.5 months), although the difference was only borderline
significant (HR 0.77; 95% CI, 0.54-1.10, P=0.15). In order
to avoid the confounding effect of hyperbilirubinemia, we
reanalyzed the data after excluding 72 patients with a serum
bilirubin >2 mg/dL at the time of CA19-9 measurement.
The results were similar (Table S2).

Subgroup analysis

We also examined the prognostic effect of adjuvant
CT while in strata of preoperative CA19-9 levels. The
multivariable-adjusted HR of DFS for patients in group
G3 with CT was 0.32 (95% CI, 0.21-0.49; P<0.001). A
similar, although attenuated, differential association of CT
with DFS through preoperative CA19-9 was observed in
the other two groups (G1: multivariable-adjusted HR, 0.54;
95% CI, 0.33-0.86; P=0.01; G2: multivariable-adjusted
HR, 0.63; 95% CI, 0.40-0.97; P=0.037) (Table 2, Figure 2).
However, a similar result was not observed in OS. This
may be attributed to the influence of several factors on the
OS (e.g., multimodal treatment strategy after metastasis),
which were not analyzed in this study. We also observed
the similar differential association between CT and DFS
through preoperative CA19-9 in 282 patients with a serum
bilirubin <2 mg/dL (Table S3). In order to strengthen the
result, we conducted a sensitivity analysis by excluding
25 patients received adjuvant chemoradiation therapy. A
decreasing HR of recurrence risk was also observed in the
higher preoperative CA 19-9 group in patients treated with
CT only (Table S4).

We also conducted sensitivity analysis, excluding patients
with normal preoperative CA19-9 levels (<37 U/mL,
N=66). Patients (N=288) were divided into five groups
(Q1-Q5) according to their CA19-9 levels (in quintile,
57/58 patients per group). As shown in Tuble 3, CT was
significantly associated with decreased recurrence risk in

Q4 and Q5 groups (CA19-9 >324 U/mL), but not in QI,
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816 Guan et al. Preoperative CA19-9 predict survival in PAC
A G1 B G2 C G3
1.04 1.04 1.04
Log-rank P=0.15 Log-rank P=0.106 Log-rank P<0.001
0.8 N No chemotherapy 0.8 -1 No chemotherapy 0.84 -n No chemotherapy
- Chemotherapy -+ Chemotherapy -+ Chemotherapy
— 0.6 — 0.64 — 0.6
£ 2 =3
P P 2
a 0.4+ a 0.4 o 0.4
0.2 0.2 0.2
0.0 0.0 0.01
T T T T T T T T T T T T T T T
0.00 10.00 20.00 30.00 40.00 0.00 10.00 20.00 30.00 40.00 0.00 10.00 20.00 30.00 40.00
Time (months) Time (months) Time (months)
D G1 E G2 F G3
1.04 1.04
) 1.0
- Log-rank P=0.71 "
0.84 0.8 1 No chemotherapy Log-rank P<0.001
........ -'* Chemotherapy 0.8 -1 No chemotherapy
..., - Chemotherapy
0.6 0.6 B
g g S 064 N N
0 [ 0 -
© 049 |ogrank P<0.001 © 04+ O 0.4
-1 No chemotherapy
-* Chemotherapy
0.2 024  tmmeemmees 0.2
0.0+ 0.0 0.0
T T T T T T T T T T T T T T T T
0.00 10.00 20.00 30.00 40.00 0.00 10.00 20.00 30.00 40.00 0.00 10.00 20.00 30.00 40.00

Time (months)

Time (months)

Time (months)

Figure 2 Kaplan-Meier survival curves of patients with pancreatic cancer according to adjuvant chemotherapy stratified by preoperative
CA19-9 levels (in tertiles). The median disease-free survival (DFS) in patients with and without CT stratified by G1 (A), G2 (B) and G3
(C) group; The median overall survival (OS) in patients with and without CT stratified by G1 (D), G2 (E) and G3 (F) group (G1: CA19-
9 <87 U/mL, CT: N=35, no CT: N=83; G2: CA19-9 87-322 U/mL, CT: N=43, no CT: N=75; G3: CA19-9 >322 U/mL, CT: N=41, no

CT: N=77).

Q2 and Q3 groups. A trend of decreasing HR of recurrence
risk was observed in the higher preoperative CA 19-9
group treated with CT (Figure 3). Since longer DFS
after CT administration may represent better response
to CT indirectly, it seems that the patients with higher
preoperative CA19-9 levels may benefit more from
adjuvant CT, especially in patients with CA19-9 levels
>200 U/mL.

In addition, the correlation between number of adjuvant
CT cycles and survival was analyzed in 119 patients received
at least 2 cycles of adjuvant CT (Table S5). The median
DEFS of patients received >6 cycles of CT was longer than
that observed in patients received <6 cycles of CT (13.9 vs.
11.5 months), although the difference was not significant

© Translational Cancer Research. All rights reserved.

(HR 0.89; 95% CI, 0.58-1.38, P=0.61).

Discussion

This study showed that the median DFS and OS of
patients with resectable PAC were 8.6 and 19.4 months,
respectively. The median DFS in our study was consistent
with the CONKO-001 trial (the median DFS: 13.4 vs.
6.7 months in GEM vs. observation group) (8). However,
the DFS and OS in our study were much poorer compared
to recent clinical trials, e.g., ESPAC04 trial (the median
DFS: 13.1 vs. 13.9 months in GEM vs. GEM + capecitabine
group) (21), JASPACO1 trial (the median DFS: 11.3 vs. 22.9
months in GEM vs. S-1 group) (22,23) and PRODIGE24

Transl Cancer Res 2019;8(3):811-820 | http://dx.doi.org/10.21037/tcr.2019.04.24
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Table 3 Association between adjuvant chemotherapy and DFS
stratified by preoperative CA19-9 levels (in quintile) in PAC
patients with elevated CA19-9

CA19-9 levels and

chemotherapy No. (%) HR (95% CI) P value

Q1:37.1-96 U/mL 57 0.32
Chemotherapy 17 (29.8) 0.71 (0.36-1.39)
No chemotherapy 40 (70.2) 1 (ref)

Q2: 96.1-199 U/mL 58 0.68
Chemotherapy 19 (32.8) 0.88(0.47-1.63)
No chemotherapy 39 (67.2) 1 (ref)

Q3: 199.1-324 U/mL 58 0.09
Chemotherapy 23(39.7) 0.57 (0.30-1.09)
No chemotherapy 35 (60.3) 1 (ref)

Q4: 324.1-758 U/mL 58 0.009*
Chemotherapy 22 (37.9) 0.45(0.25-0.82)
No chemotherapy 36 (62.1) 1 (ref)

Q5: 758.1-6,641 U/mL 57 0.001*
Chemotherapy 17 (29.8)  0.32 (0.16-0.62)
No chemotherapy 40 (70.2) 1 (ref)

*

, statistically significant. Cl, confidence interval; DFS,
disease-free survival; HR, hazards ratio; PAC, pancreatic
adenocarcinoma.
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Figure 3 A trend chart of hazard ratio of recurrence risk in
pancreatic cancer patients with chemotherapy according to
preoperative CA19-9 levels (in quintile) (Q1: CA19-9 37.1-96 U/
mL; Q2: CA19-9 96.1-199 U/mL; Q3: CA19-9 199.1-324 U/ mL;
Q4: CA19-9 324.1-758 U/mL; Q5: CA19-9 758.1-6,641 U/mL).
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trial (the median DFS: 12.8 vs. 21.6 months in GEM uvs.
FOLFIRINOX group) (24). It may partially attributes
to the high proportion (66.4%) of patients not receiving
adjuvant CT in our study. Another reason may be that at
least 10% of patients had a postoperative CA19-9 level
higher than 180 U/mL within 12 weeks after surgery in our
study, whereas those patients with postoperative CA19-9
higher than 180 U/mL were excluded in some recent trials.

Due to the inherent biological aggressiveness of
pancreatic cancer, a significant number of patients present
with metastatic disease shortly after curative surgery.
Only few patients achieve longer survival or even cure. It
would be helpful to make adjust treatment strategy if we
can identify patients with an aggressive tumor and worse
prognosis before surgery. The CA19-9 tumor antigen was
initially defined in colorectal cancer (25) and is currently the
most widely used clinical biomarker in pancreatic cancer.
Preoperative CA19-9 is the only biomarker for resectable
PAC approved by the Food and Drug Administration of
the USA. Ferrone er al., show that preoperative CA19-
9 levels correspond to pathologic stage. They concluded
that higher CA19-9 levels should raise suspicion of a more
extensive tumor burden (19). In our study, the proportion
of stage III in G3 group (CA19-9 levels >322 U/mL) was
the highest, although no remarkable correlation between
preoperative CA19-9 and TNM stage. It might suggest
that the current pathologic stage may not be perfect, which
could not represent tumor invasiveness and biological
behavior. We found that high preoperative CA19-9 level
was positivly correlated with high probability of R1 surgical
margin. Thus, carefully confirmation of surgical margins
or extended resection during surgery may be needed for
those patients with high CA19-9. Our results also showed
that elevated CA19-9 levels were associated with increased
risk of recurrence and death, which is consistent with
Bergquist’s study using NCDB data. They found that
elevated preoperative CA19-9 levels were associated
with decreased survival in patients with early stage (I/1I)
disease (26).

Since 1997, randomized clinical trials have demonstrated
improved survival with adjuvant CT (27). In recent
years, GEM + Capetabine, S-1 and FOLFIRINOX have
become better selections of adjuvant therapy for PAC
compared with GEM monotherapy. GEM + Capetabine
and FOLFIRINOX are preferred regiments according to
NCCN guidelines. However, we found that FOLFIRINOX
is not practically manageable due to its toxicity and poor
compliance. S-1 has shown non-inferiority to GEM as
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adjuvant CT in Asian patients according to JASPACO1
trial. Moreover, GEM + S1 regiment is superior to GEM
monotherapy in GEST trial. Hence, GEM, S1 and
GEM + S1 are evidence supported and more widely used
regiments in our hospital. Although our study showed
that patients receiving adjuvant CT were associated with a
54% decrease in the risk of recurrence and a 60% decrease
in the risk of death compared to those without CT, the
DFS remained short compared to recent trials. The main
reasons may include: (I) higher proportion patients did
not receive adjuvant CT (66.4%) due to surgery-related
side effects, economic factors or patient preference; (II)
unselected patients according to postoperative CA19-9.
Multiple studies have reported that a decrease in CA19-
9 level in patients with unresectable pancreatic cancer was
associated with response to therapy (28-30). But few studies
have reported the association between preoperative CA19-
9 level and response to therapy in resectable disease. Our
data indicated that patients in higher preoperative CA19-9
group could benefit more and achieved a more significantly
decreased risk of recurrence (HR 0.32) from adjuvant CT.
Furthermore, similar results were observed in sensitivity
analyses by excluding patients with normal CA19-9 levels,
or patients with a serum bilirubin >2 mg/dL at the time
of CA19-9 measurement. According to these results, we
concluded that CA19-9 value of 322 U/mL may act as
a candidate of cutoff value for identifying patients who
could benefit more from adjuvant CT, even more extensive
adjuvant therapies.

This study had the following limitations. We did
not detect Lewis antigen of red cell phenotyping which
is indispensable for expression of the CA19-9 antigen.
However, it has been reported that the CA19-9 nonsecretors
and normal-level patients achieve equivalent survival (26).
Moreover, heterogeneity of patients was inevitable due to
the features of retrospective study. For example, only 33.6%
of patients received CT, including 25 patients who received
chemoradiation therapy. However, the number of patients
received adjuvant CT were homogeneous in G1, G2 and G3
group (Tuble SI). Furthermore, we conducted a sensitivity
analysis excluding patients received chemoradiation therapy
and drew a similar result (7able S4).

Conclusions

In conclusion, our data suggest that higher preoperative
serum CA19-9 levels was associated with poorer DFS
and OS, as well as a higher probability of R1 resection in

© Translational Cancer Research. All rights reserved.
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PAC patients had radical resection. We also observed a
trend of decreasing HR of recurrence risk in the higher
preoperative CA 19-9 group treated with CT. These results
suggest that the patients with higher preoperative CA19-
9 levels may benefit more from adjuvant CT, especially in
the patients with CA19-9 levels >322 U/mL. Preoperative
CA19-9 might be a helpful biomarker to identify a highly
aggressive PAC subgroup, which might benefit more from
postoperative CT. It can also be combined with TNM stage
to classify PAC patients and make surgery and adjuvant
treatment strategy more accurately.
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Supplementary

Figure S1 Study flow chart.

Table S1 Baseline characteristics of 354 patients with PAC according to preoperative serum CA19-9 levels

421 patients underwent pancreatecomy for PAC from

Jan 01, 2015 to June 30, 2017

366 patients

Y

55 excluded: lost follow-up

356 patients

Y

10 excluded: incomplete
record of serum CA19-9

A

354 included in the final data analysis

Y

2 excluded: R2 resection
margins

Preoperative CA19-9, n (%)

Variables Total, n (%) P value
G1: <87 U/mL G2: 87~322 U/mL G3: >322 U/mL

No. of patients 118 118 118

Age (years) 0.43
<60 189 (53.4) 63 (53.4) 58 (49.2) 68 (57.6)
>60 165 (46.6) 55 (46.6) 60 (50.8 50 (42.4

Gender 0.64
Male 224 (63.3) 71 (60.2) 75 (63.6) 78 (66.1)
Female 130 (36.7) 47 (39.8) 43 (36.4) 40 (33.9)

Performance status 0.12
0 76 (21.5) 34 (28.8) 22 (18.6) 20 (16.9)
1 170 (48.0) 56 (47.5) 57 (48.3) 57 (48.3)
2 108 (30.5) 28 (23.7) 39 (33.1) 41 (34.7)

Location 0.4
Head and neck 236 (66.7) 82 (69.5) 81 (68.6) 73 (61.9
Body and tail 118 (33.3) 36 (30.5 37 (31.4) 45 (38.1

Tumor grade 0.3
Well-moderate 206 (58.2) 73 (61.9) 71 (60.2) 62 (52.5
Poor 148 (41.8) 45 (38.1 47 (39.8 56 (47.5

Surgical margin 0.023*
RO 337 (95.2) 117 (99.2) 112 (94.9) 108 (91.5)
R1 17 (4.8) 1(0.8) 6 (5.1) 10 (8.5)

TNM stage 0.11
| 168 (47.5) 49 (41.5) 63 (53.4) 56 (47.4)
Il 158 (44.6) 61 (51.7) 49 (41.5) 48 (40.7)
1] 28(7.9) 8 (6.8) 6 (5.1) 14 (11.9)

Chemotherapy 0.52
Yes 119 (33.6) 35 (29.7) 43 (36.4) 41 (34.7)
No 235 (66.4) 83 (70.3 75 (63.6 77 (65.3)

*, statistically significant. PAC, pancreatic adenocarcinoma.



Table S2 Association between clinicopathologic factors and DFS, and OS in 282 patients with a serum bilirubin of less than 2 mg/dL

DFS 0os
Variables Univariable analysis Multivariable analysis Univariable analysis Multivariable analysis
HR (95% ClI) P value HR (95% ClI) P value HR (95% CI) P value HR (95% ClI) P value
Age (years) 0.78 0.049* 0.21
<60 1 (ref) 1 (ref) 1 (ref)
NA NA
>60 0.96 (0.74-1.25) 1.40 (1.00-1.95) 1.25(0.88-1.77)
Gender 0.38
Male 1 (ref) 1 (ref)
NA NA 0.92 NA NA
Female 0.88 (0.67-1.17) 0.98 (0.69-1.40)
Performance status
0 1 (ref) 1 (ref) 1 (ref) 1 (ref)
1 1.84 (1.27-2.68)  0.001* 1.81 (1.23-2.66) 0.002* 1.67 (1.04-2.69) 0.033* 1.55 (0.96-2.52) 0.076
2 2.36 (1.58-3.53) <0.001* 2.46 (1.62-3.75) <0.001*  1.67 (0.99-2.80)  0.055 1.66 (0.97-2.85)  0.065
Location 0.69 0.62
Head and neck 1 (ref) 1 (ref)
NA NA NA NA
Body and tail ~ 0.95 (0.73-1.24) 0.92 (0.66-1.29)
Tumor grade 0.002¢ 0.008 0.11
Well-moderate 1 (ref) 1 (ref) 1 (ref)
NA NA
Poor 1.51 (1.16-1.96) 1.44 (1.10-1.89) 1.32 (0.94-1.84)
Surgical margin 0.026* 0.009* 0.004* 0.011*
RO 1 (ref) 1 (ref) 1 (ref) 1 (ref)
R1 1.94 (1.08-3.49) 2.27 (1.23-4.19) 2.51 (1.35-4.66) 2.29 (1.21-4.33)
Chemotherapy <0.001* <0.001* <0.001* <0.001*
No 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Yes 0.54 (0.41-0.72) 0.44 (0.33-0.59) 0.42 (0.29-0.62) 0.39 (0.26-0.58)
TNM stage
1] 1 (ref) 1 (ref) 1 (ref) 1 (ref)
I 0.44 (0.28-0.70)  0.001* 0.62 (0.39-1.00)  0.051 0.38 (0.23-0.65) <0.001* 0.51(0.30-0.88) 0.016*
| 0.37 (0.23-0.59) <0.001* 0.42 (0.26-0.68) <0.001*  0.32(0.19-0.54) <0.001* 0.33(0.19-0.58) <0.001*
Preoperative CA19-9
G3 1 (ref) 1 (ref) 1 (ref) 1 (ref)
G2 0.68 (0.49-0.94)  0.018* 0.68 (0.49-0.94)  0.021* 0.86 (0.58-1.26) 0.43 0.92 (0.62-1.37) 0.68
G1 0.60 (0.43-0.83)  0.002* 0.61(0.43-0.85)  0.004* 0.56 (0.37-0.86)  0.008*  0.58 (0.37-0.91)  0.017*

*, statistically significant. Cl, confidence interval; DFS, disease-free survival; HR, hazards ratio; G1, CA19-9<87 U/mL; G2, CA19-9 87-
322 U/mL; G3, CA19-9>322 U/mL; NA, not applicable; OS, overall survival; PAC, pancreatic adenocarcinoma; TNM stage, staging based

on AJCC staging system 8th edition.



Table S3 Association between adjuvant chemotherapy and DFS, and OS stratified by preoperative CA19-9 level in 282 patients with a serum
bilirubin of less than 2 mg/dL

DFS (ON]
Chemotherapy and Univariable analysis Multivariable analysis Univariable analysis Multivariable analysis
CA19-9 levels
HR (95% Cl) P value HR (95% Cl) P value HR (95% Cl) P value HR (95% Cl) P value

G1: <87 U/mL 0.14 0.021* 0.003* 0.003*
No chemotherapy 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Chemotherapy 0.68 (0.41-1.14) 0.54 (0.32-0.91) 0.24 (0.09-0.62) 0.24 (0.09-0.61)

G2: 87-322 U/mL 0.047* 0.014~ 0.50 0.30
No chemotherapy 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Chemotherapy 0.62 (0.39-0.99) 0.55 (0.34-0.88) 0.82 (0.47-1.44) 0.74 (0.42-1.31)

G3: >322 U/mL <0.001* <0.001* <0.001* <0.001*
No chemotherapy 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Chemotherapy 0.31 (0.19-0.52) 0.30 (0.18-0.50) 0.21 (0.10-0.44) 0.23 (0.11-0.47)

*, statistically significant. Multivariable hazard ratio of DFS was adjusted for: Performance status; Tumor grade; Surgical margin;
Chemotherapy; TNM stage; Preoperative CA19-9. Multivariable hazard ratio of OS was adjusted for: Performance status; Surgical margin;
Chemotherapy; TNM stage; Preoperative CA19-9. HR, hazards ratio; Cl, confidence interval; DFS, disease-free survival; OS, overall
survival.

Table S4 Association between adjuvant chemotherapy and DFS, and OS stratified by preoperative CA19-9 level in 329 patients after excluding
25 patients received adjuvant chemoradiotherapy

DFS (O]
Chemotherapy and Univariable analysis Multivariable analysis Univariable analysis Multivariable analysis
CA19-9 levels
HR (95% Cl) P value HR (95% Cl) P value HR (95% ClI) P value HR (95% Cl) P value

G1: <87 U/mL 0.17 0.012* 0.001* 0.001*
No chemotherapy 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Chemotherapy 0.70 (0.42-1.16) 0.51 (0.31-0.86) 0.19 (0.07-0.53) 0.18 (0.06-0.49)

G2: 87-322 U/mL 0.09 0.036" 0.92 0.66
No chemotherapy 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Chemotherapy 0.67 (0.41-1.07) 0.60 (0.37-0.97) 0.97 (0.57-1.67) 0.89 (0.51-1.53)

G3: >322 U/mL <0.001* <0.001* <0.001* <0.001*
No chemotherapy 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Chemotherapy 0.32 (0.20-0.51) 0.28 (0.18-0.46) 0.22 (0.12-0.45) 0.23 (0.12-0.46)

Multivariable hazard ratio of DFS was adjusted for: Performance status; Tumor grade; Surgical margin; Chemotherapy; TNM stage;
Preoperative CA19-9. Multivariable hazard ratio of OS was adjusted for: Performance status; Surgical margin; Chemotherapy; TNM stage;
Preoperative CA19-9. *, statistically significant. HR, hazards ratio; Cl, confidence interval; DFS, disease-free survival; OS, overall survival.



Table S5 Association between number of chemotherapy cycles and DFS, and OS in 119 PAC patients received adjuvant chemotherapy

No. of DFS oS
No. of patients, % A a
chemo cycles Months HR (95% Cl) P value Months HR (95% CI) P value
<6 cycles 49 (41.2) 11.5 1 (ref) 28.4 1 (ref)
0.61 0.59
>6 cycles 70 (58.8) 13.9 0.89 (0.58-1.38) 28.1 0.84 (0.46-1.52)
2 3(2.5)
3 9(7.6)
4 33 (27.7)
5 4(3.4) NA NA
6 49 (41.2)
7 4(3.4)
8 17 (14.3)

, P value in univariable hazard ratio of DFS and OS. Cl, confidence interval; DFS, disease-free survival; HR, hazards ratio; NA, not
applicable; OS, overall survival; PAC, pancreatic adenocarcinoma.



