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Serum CA125 is a novel predictive marker for pancreatic cancer
metastasis and correlates with the metastasis-associated
burden
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ABSTRACT

This study evaluated potential of serum tumor markers to predict the
incidence and intensity of pancreatic cancer metastasis as well as patient survival.
Retrospective records from 905 patients and prospective data from 142 patients
were collected from two high-volume institutions. The levels of eight serum tumor
markers (CA19-9, CEA, CA242, CA72-4, CA50, CA125, CA153, and AFP) commonly
used in gastroenterological cancer were analyzed in all stages of pancreatic
cancer. Serum CA125 levels were the most strongly associated with pancreatic
cancer metastasis and were higher in patients with metastatic disease than those
without. CA125 levels increased with increasing metastasis to lymph nodes and
distant organs, especially the liver. High baseline CA125 levels predicted early
distant metastasis after pancreatectomy and were associated with the presence
of occult metastasis before surgery. An optimal CA125 cut-off value of 18.4 U/mL
was identified; patients with baseline CA125 levels of 18.4 U/mL or higher had
poor surgical outcomes. In addition, high serum CA125 levels coincided with the
expression of a metastasis-associated gene signature and with alterations in “driver”
gene expression involved in pancreatic cancer metastasis. CA125 may therefore be a
promising, noninvasive, metastasis-associated biomarker for monitoring pancreatic
cancer prognosis.

computed tomography and positron emission tomography,
and rigorous laparotomy exploration fail to detect occult
metastasis before pancreatectomy [2, 3]. Identification of
specific markers of micrometastasis when determining
whether patients are candidates for pancreatectomy is

INTRODUCTION

Pancreatic cancer is a lethal malignancy with high
metastatic potential. Even small pancreatic cancers (less
than 2 cm in diameter) metastasize, quickly resulting

in death [1, 2]. Radical pancreatectomy is the only
potential cure, but occult metastasis often diminishes
its therapeutic effectiveness [3]. Both state-of-the-art
preoperative imaging, including triple-phase helical

therefore important for improving treatment.

Three genes that are frequently mutated in pancreatic
cancer, TP53, CDKN2A/p16 and SMAD4/DPC4, modulate
tumor metastasis and together comprise the “driver”
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gene signature [4, 5]. Additional metastasis-associated
molecules, such as S100A2, also enhance the metastatic
potential of pancreatic cancer. A recently identified
group of 17 genes expressed in the bulk of primary
tumors are predictive of the metastatic potential of
most adenocarcinomas, including pancreatic cancer [6].
However, these biomarkers are difficult to measure due
to limited sample availability and are typically examined
postoperatively. Serologic biomarkers, particularly those
that can be monitored easily in a relatively noninvasive
and cost-effective manner, would be helpful for choosing
treatment strategies.

Eight serological tumor markers (CA19-9, CEA,
CA242, CA72-4, CA50, CA125, CA153, and AFP) are
routinely used in clinical practice to make diagnoses,
determine prognoses and monitor therapeutic responses
in gastroenterological cancers. Among these, the most
common and best-studied marker for pancreatic cancer
is CA19-9 [2], which largely reflects tumor burden. We
previously confirmed that serum levels of CA19-9 are
associated with total tumor burden in pancreatic cancer
[7], and do not specifically reflect the metastatic potential
of the tumor, nor do they indicate the metastasis-associated
burden. Additionally, CA19-9 levels do not change in
some patients, even after complete resection of the tumor.
This indicates the presence of occult unresectable disease,
in particular micrometastasis, which developed before
surgery [8, 9].

In this regards, we previously reported that two
serum biomarkers, CEA and CA125, are preoperatively
predictive of the absence of a postoperative decrease
in CA19-9, and therefore suggest the presence of
micrometastasis [10]. The predictive accuracy of CA125,
determined by AUC analyses, was superior to that of
CEA. Separately, we showed that CA125 was superior to
CA19-9 for predicting resectability, which highlights the
possible relationship between serum CA125 levels and
occult unresectable disease in pancreatic cancer patients
[11]. Here, we thoroughly examined the potential role
of serum CA125 as a pretreatment biomarker for tumor
metastasis-associated burden in pancreatic cancer.

RESULTS

High CA125 levels predict metastasis

Serum levels of CA19-9, CEA, CA242, CA72-
4, CA50, CA125, CA153, and AFP were measured in
48 stage I and 132 stage IV pancreatic cancer patients.
ROC curve analyses showed that increased CA125
levels were the best predictor of metastasis in these
patients (AUC: 0.892, 95% CI [0.846, 0.938], p<0.001,
Figure 1A). Patients with stage IV disease had higher
serum CA125 levels than those with stage I disease
(»<0.001). Furthermore, the ability of all eight markers to
predict metastasis in subgroups with unresectable disease

(stage 111, locally advanced without distant metastasis vs.
stage 1V, with distant metastasis) and radically resected
disease (stage I/Ila, without lymph node metastasis vs.
stage IIb, with lymph node metastasis) was assessed.
ROC curve analyses revealed that serum CA125 was
the best predictor of metastasis to distant organs in the
unresectable subgroup (AUC: 0.723, 95% CI [0.657,
0.789], p<0.001, Figure 1B), and to the lymph nodes in
resected subgroup (AUC: 0.693, 95% CI [0.628, 0.758],
p<0.001, Figure 1C). Patients with metastasis to either
distant organs or lymph nodes had significantly higher
serum CA125 levels than those without metastasis to the
corresponding sites (p<0.001 for both, Figure 1B and 1C).
Detailed data are shown in Table S1 and S2.

High CA125 levels are associated with increased
metastasis-associated tumor burden

More in-depth subgroup analyses were performed to
evaluate the relationship between baseline serum CA125
levels and metastasis to the lymph nodes and distant
organs. In patients with resected disease (stage I-II),
baseline serum CA125 levels increased as the number of
metastatic lymph nodes increased (» = 0.304; p<0.001).
CA125 levels were higher in patients with more than three
metastatic lymph nodes than in those who had 1-3 or no
metastatic lymph nodes (p<0.001 for both; Figure 2A).
Similarly, in patients with unresectable pancreatic cancer
(stage II-1V), CA 125 levels were higher in those who had
metastasis to more than three distant organs than in those
who had 1-2 or no distant organ metastases (p<0.001
for both; Figure 2B). Especially in patients with liver
metastasis, H-classification for the extent of metastasis
was also evaluated by determining the size and number
of metastatic foci. CA125 levels were higher in patients
with H3 liver metastasis than in those with H2 or H1
classifications (p<0.001 for both; Figure 2C). These results
indicate that baseline serum CA125 levels in pancreatic
cancer reflect the extent of tumor dissemination to the
lymph nodes, liver, and other metastatic sites.

High CA125 levels are associated with early
distant metastasis after pancreatectomy

We further explored whether CA125 levels predicted
occult metastasis in the subgroup of patients who
underwent pancreatectomy. ROC curve analyses showed
that CA 125 levels were associated with early postoperative
metastasis of pancreatic cancer in distant organs (AUC:
0.720, 95% CI [0.646, 0.794], p<0.001). An optimal
cut-off CA125 serum level of 18.4 U/mL was identified;
patients with CA125 levels of 18.4 U/mL or higher had
higher rates of early distant metastasis than those with
lower levels (47/117 vs. 18/142, p<0.001, Table 1). The
predictive sensitivity and specificity of CA125 levels for
carly metastasis in distant organs after pancreatectomy
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Figure 1: Eight serum tumor markers were included in receiver operating curve (ROC) analyses for prediction of
metastasis, comparing stage I and stage IV pancreatic cancer A. Levels of baseline serum CA125 (log2 scale on the y-axis) in
patients with stage I or IV disease (A). Eight serum tumor markers were further validated in ROC analyses for prediction of metastasis to
distant organs in unresectable disease (stage III vs. stage IV) B. or to lymph nodes in radically resected disease (stage I/Ila vs. stage 1Ib)
C. Levels of baseline serum CA125 (log2 scale) are plotted on the y-axis. The lines across the dot plots indicate median values.
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were 0.723 and 0.639, respectively. The cut-off value of 25.3 months, p<0.001) and relapse-free survival

18.4 U/mL was also directly applied without re-estimation (RFS) (6.1 vs. 17.6 months, p<0.001) than did those
to an additional independent validation cohort. More of with lower levels in the training cohort. Multivariate
these patients with CA125 levels of 18.4 U/mL or higher Cox proportional hazards analyses that adjusted for
had early postoperative metastasis than those with lower clinicopathological features demonstrated that CA125
CA125 levels (55/165 vs. 6/108, p<0.001; Table 1). levels of at least 18.4 U/mL were an independent
Previous studies showed that patients whose CA19-9 levels risk factor for both OS (HR: 1.804, 95% CI [1.222,
did not decrease after radical pancreatectomy were more 2.662], p=0.003) and RFS (HR: 2.158, 95% CI [1.530,
likely to have had occult metastasis before surgery and to 3.043], p<0.001; Table 2) in these patients. Similar
have early postoperative metastasis [8, 9]. Higher CA125 results were seen in the validation cohort (Table 2 and
levels were associated with sustained postoperative CA19-9 Figure 3B).
levels in both the training (34/117 vs. 25/142, p=0.029) and Serum CA125 levels decreased in some resected
validation (61/165 vs. 6/108, p<0.001) cohorts (Table 1). patients after pancreatectomy (120/259 for the training
To best mimic clinical practice, we expanded cohort and 129/273 for the validation cohort). This
the validation cohort to include more patients from the decrease was associated with longer median OS (28.4
retrospective database regardless of baseline CA19-9 vs. 12.3 months, p<0.001 for the training cohort; 26.7 vs.
and preoperative bilirubin levels. The expanded analyses 11.7 months, p<0.001 for the validation cohort) and RFS
still showed that preoperative CA125 levels of 18.4 U/ (15.1 vs. 6.8 months, p<0.001 for the training cohort;
mL or higher predicted postoperative early distant 19.5 vs. 7.6 months, p<0.001 for the validation cohort)
metastasis in the expanded validation cohort, AUC: in these patients. Postoperative decreases in CA19-
0.671, 95% CI [0.612, 0.731], p<0.001. Patients with 9 levels were even more common. However, among
baseline CA125 levels of at least 18.4 U/mL were more patients with postoperative decreases in serum CA19-
likely to experience distant metastasis within 6 months of 9 levels, nearly half (47.0% (94/200) in the training
pancreatectomy (74/232 vs. 11/152, p<0.001). Analyses cohort and 46.6% (96/206) in the validation cohort)
of the prospective pancreatectomy database from our had sustained CA125 levels. Sustained CA125 levels
institution also confirmed these results. Of the 142 patients also predicted higher rates of early metastasis in distant
in that database who met the expanded inclusion criteria organs (27/94 vs. 9/106, p<0.001 for the training cohort;
described above, the 83 patients with baseline CA125 19/96 vs. 7/110, p<0.001 for the validation cohort)
levels of 18.4 U/mL or higher were more likely to and shorter OS and RFS times in patients (Figure 3C
experience early distant metastasis postoperatively than and 3D).

those with lower CA125 levels (30/83 vs. 7/59, p=0.001).
High CA125 levels correspond to a metastasis-
High CA125 levels, and sustained levels associated gene signature

postoperatively, predict poor OS and RFS
Of the 107 patients who underwent

As shown in Figure 3A, resected patients pancreatectomy, KRAS protein expression increased
with baseline CA125 levels of 18.4 U/mL or higher and CDKN2A/pl16, TP53, and SMAD4/DPC4 protein
had shorter median overall survival (OS) (11.3 wvs. expression decreased in 93 (86.9%), 41 (38.3%), 51
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Figure 2: Baseline serum CA125 levels (log2 scale on the y-axis) were significantly elevated with increasing burden of
metastasis to lymph nodes in radically resected disease A. and to distant organs in unresectable disease B. Baseline serum CA125
levels (log2 scale on the y axis) were significantly higher in patients with liver metastasis classified as H3 compared than those with liver
metastasis classified as H2 classification or H1, respectively C. The lines across the dot plots indicate median values.
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Table 1: Relationship between clinicopathologic features and baseline serum CA125 Levels

Training Cohort (n = 259) Validation Cohort (n =273)
Features Baseline Serum CA125 Levels Baseline Serum CA125 Levels
Negative (n=142) Positive (n =117) Negative (n =108) Positive (n =165)
Age (years) 0.073 0.217
<62 63 65 58 76
>62 79 52 50 89
Gender 0.536 0.324
Male 82 72 68 94
Female 60 45 40 71
Tumor location 0.777 0.445
Head 85 68 83 120
Body/tail 57 49 25 45
Tumor size (cm) 0.001 0.026
<4.0 85 46 62 72
>4.0 57 71 46 93
Il;i‘t‘:;:‘a;‘i‘;de <0.001 0.001
Yes 52 81 48 108
No 90 36 60 57
Differentiation 0.093 0.197
Well/Moderate 44 48 75 102
Poor 98 69 33 63
Neural invasion 0.388 0.268
Yes 117 101 69 116
No 25 16 39 49
Vascular invasion 0.237 0.822
Yes 31 33 32 51
No 111 84 76 114
TNM stage <0.001 0.001
1 33 15 32 22
JIV:N 57 21 28 35
11B 52 81 48 108
Chemotherapy 0.361 0.912
Any 118 92 74 112
No 24 25 34 53
Chemoradiotherapy 0.274 0.390
Any 40 26 13 26
No 102 91 95 139
CA19-9 non-decrease 0.029 <0.001
Yes 25 34 6 61
No 117 83 102 104
ig:lyst‘:":it:“t <0.001 <0.001
Yes 18 47 6 55
No 124 70 102 110

Note: 18.4 U/mL was identified by ROC curve analysis as the cut-off value for positive/negative baseline serum CA125.
Early distant metastasis is defined as the recurrence in distant organs within 6 months after surgery
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(47.7%), and 54 (50.5%) patients, respectively. CA125
levels did not differ between patients who were positive
and negative for KRAS expression (Figure S1A), but
were significantly higher in patients who did not express
CDKN2A/pl16, TP53, or SMAD4/DPC4 than in patients
who did (Figure S1A). CA125 levels were higher still in
patients with 3-4 additional altered genes than in those
with 0-2 additional altered genes (p<0.001; Figure S1B
and SI1C). The expression of a well-established
metastasis-associated gene signature, consisting of eight
upregulated and nine downregulated genes, was also
examined in an independent sample of 49 pancreatic
cancer patients who underwent resection (Stage I/1I).
Seven of the eight upregulated metastatic genes (SNRPF,
EIF4EL3, HNRPAB, DHPS, COL1A1, COL1A2, and
LMNBI1) were overexpressed in patients with CA125
levels of at least 18.4 U/mL. The expression of seven
of the nine downregulated metastatic genes (MYLK,
MYHI11, CNNI1, HLA-DPBI1, RUNXI1, NR4Al, and
RBMS5) decreased in patients with CA125 levels of at
least 18.4 U/mL (Figure 4A). Hierarchical clustering
revealed that dichotomized baseline serum CA125
values (cut-off value: 18.4 U/mL) reproduced the two
clusters of pancreatic cancer patients identified using
the 17 unique metastasis-associated genes (p<0.001;
Figure 4B).
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DISCUSSION

Here we provide additional evidence that CA125
levels are predictive of metastasis. We found that
high baseline CA125 levels were the best predictor
of pancreatic cancer metastasis. CA125 levels were
significantly elevated higher in patients with metastasis
compared tothan those without. CA125 levels could
predict the presence of lymph node metastasis in patients
with resectable disease (stages Ila and IIb) and the
presence of distant metastasis in patients with unresectable
disease (stages I1I and IV). Second, more in-depth analysis
of subgroups indicated that CA125 levels increased as
the number of lymph nodes colonized by metastatic
tumor cells increased. Furthermore, in patients with
distant metastasis, increases in CA125 levels were more
pronounced in those with extensive metastasis at multiple
distant organs and in those with a heavy liver metastasis
burden. This suggests that serum CA 125 levels indicate not
only metastatic potential, but also the extent of metastasis
in pancreatic cancer patients. Third, patients with baseline
serum CA125 levels of 18.4 U/mL or higher were more
likely to have early postoperative recurrence in distant
organs than those with lower CA125 levels. Even in some
patients with exhibiting postoperative decreases in CA19-
9, sustained CA125 levels were observed after surgery
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Figure 3: Overall survival and recurrence-free survival of patients in the training cohort A. and the validation cohort
B. were stratified by positive/negative baseline serum CA125 levels. The cut-off value of serum CA125 for predicting pancreatic cancer
metastasis was identified as 18.4 U/mL. In patients with a decrease in postoperative serum CA19-9, postoperative serum CA125 decrease/
non-decrease further distinguished overall survival and recurrence-free survival in both the training cohort C. and the validation cohort D.
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and coincided with higher rates of early distant metastasis
and a poor prognosis. Finally, CA125 expression levels
in pancreatic cancer tissues were positively correlated
with serum levels, and expression was specific to tumor
cells (Figure S2A-C). CA125 expression was higher in
most metastatic lesions, including the lymph nodes and
liver, than in matched primary tumors (Figure S2D).
Additionally, high CA125 levels in serum positively
correlated with genetic alterations in “driver” genes, and
especially with co-alteration of CDKN2A/p16, TP53,
and SMAD4/DPC4, in pancreatic cancer specimens.
Separating patients into two groups based on CAI125
levels (cut-off value: 18.4 U/mL) recreated two pancreatic

cancer clusters previously identified using a well-known
metastasis-associated gene signature for adenocarcinomas.

CA125 is the “classic” biomarker for ovarian
cancer [12], but its diagnostic and prognostic value
in pancreatic cancer patients is less studied. To our
knowledge, the present data demonstrate for the
first time the utility of CA125 levels for predicting
metastasis-associated burden in pancreatic cancer. A
reanalysis of longitudinal data from the United Kingdom
Collaborative Trial of Ovarian Cancer Screening
(UKCTOCS) [13], which is the largest reported ovarian
cancer screening trial and included 154 women who
subsequently developed pancreatic cancer, supported
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Figure 4: A. Expression of 17 genes (logl0 scale on the y axis) included in the metastasis-associated gene signature was analyzed in
patients with pancreatic cancer with positive or negative serum CA125 expression. The cut-off value of serum CA125 for predicting

pancreatic cancer metastasis was identified as 18.4 U/mL. The

lines across the dot plots indicate the median values. B. Two categories

of patients classified by positive/negative baseline serum CA125 levels were largely consistent with two clusters based on hierarchical

clustering of the metastasis-associated gene signature.
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this role for CA125 levels. In that study, including
serum CA125 measurements improved detection of
preclinical pancreatic cancer based on CA19-9 levels,
particularly in CA19-9-negative cases. We previously
found that high baseline serum CA125 levels predicted
the non-decrease of CA19-9 levels postoperatively and
poor survival in the subgroup of patients with baseline
CA19-9 levels of 1,000 U/mL or higher [10]. Here,
most patients with high CA125 levels who underwent
pancreatectomy had worse OS and RFS than those with
low levels of CA125. Furthermore, the relationship
between early postoperative metastasis and high CA125
levels was independent of CA19-9 levels. Analyses of the
expanded retrospective database and another independent
prospective database showed that most patients with
high CA125 levels who underwent pancreatectomy
experienced early postoperative metastasis at distant
organs, regardless of other factors, including CA19-
9 levels or preoperative hyperbilirubinemia. Together,
these results suggest that serum CA125 levels may serve
as a valuable clinical biomarker of occult disease in
pancreatic cancer.

We also observed a perioperative change in CA125
levels in some pancreatic cancer patients who underwent
pancreatectomy, as is the case with CA19-9. Serum CA125
and CA19-9 levels, whether preoperative or postoperative,
independently predicted both OS and RFS in patients who
underwent pancreatectomy (Table 3). However, while
more than 80% of patients show decreases in CA19-9
levels after pancreatectomy [8, 9], a smaller proportion of
patients showed postoperative decreases in CA125 levels
(120/259 vs. 200/259 for CA19-9). It seems to mean that
CA125 levels are less sensitive to primary tumor burden.
Moreover, we found that nearly 50% of the patients in
this study, who experienced a decrease in postoperative
serum CA19-9 levels, still experienced an early distant
metastasis and poor survival because they did not show
a decrease in CA125 levels. Only a few patients who had
a postoperative decrease in CA125 levels did not show
a decrease in CA19-9 levels. In addition, a comparison
with CA19-9 showed that preoperative high levels of
serum CA19-9 predicted primary tumor staging at the T3
stage better than did high CA125, AUC: 0.578, P=0.049
for CA19-9, and AUC: 0.541, P=0.308 for CA125. And
serum CA125 showed superiority to serum CA19-9 in
predicting lymph node staging at the N1 stage, AUC:
0.693, P<0.001 for CA125, and AUC: 0.598, P=0.006 for
CA19-9; difference between AUC: 0.094, P=0.024. These
observations further suggest that CA125 levels play a
unique role as a marker of pancreatic cancer metastasis
and that CA125 is a better predictor of metastatic tumor
burden than CA19-9. Thus, monitoring perioperative
changes in CAI125 levels, which are indicative of
metastasis potential, might improve outcome predictions
and treatment decisions when monitored alongside CA19-
9 levels.

In sum, we have described a unique role for serum
CA125 levels in pancreatic cancer diagnosis and treatment.
CA125 levels specifically reflect the metastasis-associated
burden of pancreatic cancer in patients with advanced
disease, as well as the presence of occult metastasis in
patients with clinically localized tumors. Incorporating
routine analysis of serum CA125 levels in clinical
examinations both before and after pancreatic cancer
treatments may help to improve therapeutic decisions and
patient survival.

MATERIALS AND METHODS

Patients and study design

Between January 2010 and December 2012, we
retrospectively screened a total of 521 patients with
pancreatic adenocarcinoma that was pathologically
diagnosed at our institution (Shanghai Cancer Center,
Table 4). The following exclusion criteria were applied:
(a) incomplete clinicopathological and follow-up data, (b)
any anti-tumor treatment before surgery, (c) serum CA19-9
levels persistently <5 U/mL, and (d) serum total bilirubin
levels >2.0 mg/dL. The last two criteria were included
to remove distractions from CA19-9, which is the “gold
standard” to which newly discovered pancreatic cancer
markers are compared. Patients meeting the criteria were
divided into five groups according to the TNM staging
criteria for pancreatic cancer in the 7th edition of the
American Joint Committee on Cancer (AJCC) Cancer
Staging Manual [14] as follows: (i) stage I (n=48), (ii)
stage Ila (n=78), (iii) stage IIb (n=133), (iv) stage III
(n=130), and (v) stage IV (n=132). We initially investigated
the expression levels of all serum tumor markers that are
currently applied in gastrointestinal cancer (AFP, CA19-9,
CEA, CA242, CA72-4, CAS50, CA125, and CA153) ina
subset of serum specimens from the stage IV (n=132) and
stage I groups (n=48). This was done to identify candidate
biomarkers that are specifically associated with pancreatic
cancer metastasis. Next, the ability of candidate markers to
predict metastasis was confirmed in subgroups with similar
primary tumor burdens. Patients with unresectable disease,
including those assigned to stage III (»=130) and stage IV
(n=132) groups due to distant metastasis, and patients
who underwent resection, including those assigned to
stage I/Ila (n=126) and stage IIb (n=133) groups based on
lymph node metastasis, were included at this point in the
study. All patients enrolled during the initial discovery of
candidate markers were also included in this portion of
the study and were assigned to the corresponding groups.
Finally, we evaluated the predictive value of candidate
markers for early distant metastasis and surgical prognosis
in resected patients. Patients with stage I, Ila, and IIb
disease who underwent pancreatectomy were included in
the training cohort (n=259). A second independent group
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Table 4: Clinicopathological features of patients with pancreatic cancer in training cohort and validation cohort

Radically Unresectable disease Radically
resected disease resected disease
Features Stage I/11 Stage I11 Stage IV Stage I/11
(Training cohort)  (no metastasis) (metastasis) (Validation
cohort)
n=259 n=130 n=132 n=273
Age [years, median (range)] 62 (28 - 84) 65 (39-79) 60 (28 - 81) 62 (20-79)
Gender (male/female) 154/105 69/61 83/49 162/111
Tumour location (head/body, tail) 153/106 72/58 59/73 203/70
soum A Ut s e 'TASNT A0 s e
Serum CA125 [U/mL, median (range)] 17.3 (2.2-539.7) 27.0 (4.0 - 786.2) 712;5?(2))_ 24.2 (2.4 - 666.5)
Serum CEA [ng/mL, median (range)] 3.5(0.4 - 406.9) 4.7 (0.8 -444.1) 6.9 (0.7-951.0) 2.7(0.3 -256.0)
Serum CA242 [U/mL, median (range)] 30.0 (0.1-238.1)  39.4(0.1-216.0) 112.196(851 i 24.8 (0.1 - 298.0)
Serum CA72-4 [U/mL, median (range)] 2.3 (0.7-1190.8) 3.0 (0.8 - 148.8) 5.0(0.7-300.0) 3.0(0.8-253.8)
Serum CA50 [U/mL, median (range)]  35.3 (0.6 - 1120.9) 20.4 (1.5 - 1047.7) 231.152(60663 ) 28.7 (0.4 - 380.0)
Serum CA153 [U/mL, median (range)] 12.5(4.4-230.1) 13.6(4.1-163.6) 16.7(4.7-300.0) 19.3(5.2-57.4)
Serum AFP [ng/mL, median (range)] 3.0 (0.7 - 3000.0) 2.9(0.9 -58.2) 3.0(0.7-68.8) 3.0(0.9-313.0)
TNM stage (I/IIA/IB/II/IV) 48/78/133/0/0 0/0/0/130/0 0/0/0/0/132 54/63/156/0/0
Tumour size (cm, mean + SD) 4.65+1.75 / / 449 +1.38
Lymph node metastasis (yes/no) 133/126 / / 156/117
Differentiation (well, moderate/poor) 167/92 / / 177/96
Neural invasion (yes/no) 218/41 / / 185/88
Microvascular invasion (yes/no) 64/195 / / 83/190
Chemotherapy (yes/no) 210/49 114/16 122/10 186/87
Chemoradiotherapy (yes/no) 66/193 29/101 16/116 39/234

of 273 patients who underwent a similar operation between
January 2003 and December 2012 at another high-volume
center (Shanghai Huashan Hospital) were included as
a validation cohort according to the same inclusion/
exclusion criteria described above. In order to accurately
assess all candidate markers and mimic clinical practice,
patients with CA19-9 levels persistently <5 U/mL (n=23)
and preoperative total bilirubin levels >2.0 mg/dL (n=88)
who underwent radical pancreatectomy at this center were
also included in validation analyses (Table S3). In addition,
we retrospectively analyzed an independent prospective
dataset that included 142 patients with pancreatic head
carcinoma who underwent pancreaticoduodenectomy at
our institution between November 2012 and December
2014 (ClinicalTrials.gov identifier: NCTO01731821;
Table S3). These data helped to validate the findings of

this study, which otherwise lacked separation between data
from pancreatic body and tail cancers.

All patient clinicopathological and outcome data
were registered in the pancreatic cancer database of the two
institutions, as previously described [7, 10, 15]. This study
was reviewed and approved by the Human Research Ethics
Committee of Shanghai Cancer Center and Shanghai
Huashan Hospital. Informed consent was obtained from
each patient according to the committee’s guidelines.

Patient follow-up

A detailed description of the follow-up protocol
was reported in our previous study [7, 10, 15, 16]. All
patients were routinely monitored using clinical and
laboratory examinations, which included measurement
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of CA19-9 serum levels, every three months until
March 2015. Imaging examinations, including computed
tomography (CT), magnetic resonance imaging, bone scan,
or positron emission tomographic scanning (PET/CT),
were also selectively performed. Overall survival (OS) was
defined as the interval from the time of initial cytological
or histological diagnosis to the date of death or last follow-
up. For patients who underwent radical pancreatectomy,
recurrence-free survival (RFS) was defined as the interval
between surgery and tumor recurrence; if recurrence was
not diagnosed, the RFS period ended on the date of death
or the last follow-up. Postoperative recurrence was divided
into two categories: local recurrence and distant metastasis
[17]. Local recurrence was defined as appearing in the
retroperitoneal area, including in the resection bed, remnant
pancreas, or regional nodes. Distant metastasis was
defined as any recurrence that occurred in distant organs,
including the liver, lung, and bone. Radiographic findings
consistent with recurrent disease were considered adequate
proof of recurrence. Pathological assessment, consisting
of histological or cytological evidence from the local
recurrence or metastatic deposits, was rarely performed. All
diagnostic determinations of pancreatic cancer recurrence
involved multidisciplinary consultation. “Early” recurrence
was defined as relapse within six months of surgery.

Serum tumor marker measurement

The levels of the eight serum indexes used in this
study were determined using radioimmunoassay kits
manufactured by Abbott Laboratories (Chicago, IL, USA).
Detailed information about the timing of blood draws
(pretreatment or postoperative) is shown in Supplementary
Materials and Methods.

Pancreatic cancer staging

Pancreatic cancer stage was classified according to
the AJCC TNM Staging of Pancreatic Cancer (7" Edition,
2010). [14] Staging and included both clinical and
pathological assessments as prescribed by the NCCN
guidelines [18]. Detailed information is provided in
Supplementary Materials and Methods. Additionally,
pathological extension of pancreatic cancer though hepatic
and lymph node metastasis was classified. Classification
of lymph node metastasis was performed using resection
specimens. Patients were divided into three groups
based on the number of positive lymph nodes: Group I
(no positive nodes), Group II (1-3 nodes), and Group
III (> 3 nodes). H-classification defined the extent of
hepatic metastasis in patients with stage IV disease. H1
represented liver metastasis with fewer than 5 nodules
smaller than 3cm, H3 indicated more than 3 nodules larger
than 3 cm, and H2 was defined as metastasis that did not
classify as H1 or H3. These classifications were performed
by radiologists and pathologists without knowledge of the
experimental purpose.

Statistical analyses

The predictive accuracy index was assessed by area
under the receiver operating characteristic (ROC) curve
analyses. To best preoperatively predict early metastasis in
distant organs following surgery, the optimal cut-off point
for high versus low serum CA125 levels was selected by
ROC curves in the training cohort and was confirmed in
the validation cohort, without re-estimation [19]. This cut-
off point was the point at which the optimal sensitivity and
specificity were achieved to yield the minimum value in
the equation (1-sensitivity)* + (1-specificity)’. Qualitative
variables were analyzed by Pearson’s 2 or Fisher’s
exact test, and quantitative variables were analyzed
using Student’s #-test, the Mann-Whitney U test, or the
Kruskal-Wallis test. Kaplan-Meier analyses were used to
determine OS and RFS. Patient survival among subgroups
was compared using the log-rank test. The Cox regression
model was used for multivariate analyses. All statistical
analyses were performed with SPSS 13.0 for Windows
(SPSS, Chicago, IL, USA), and p<0.05 (two-tailed)
was considered statistically significant. Unsupervised
hierarchical clustering analysis was performed with
Cluster 3.0 (Stanford University) using average linkage
algorithms. The results of clustering were visualized using
TreeView (Stanford University).
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