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Purpose: There is an urgent need to discover a predictive biomarker to help patients with advanced pancreatic cancer (APC) choose
appropriate chemotherapy regimens. This study aimed to determine whether baseline serum amyloid A (SAA) levels were associated
with overall survival (OS), progression-free survival (PFS), and treatment response in patients with APC received chemotherapy.
Patients and Methods: This retrospective study included 268 patients with APC who received first-line chemotherapy at the Sun
Yat-Sen University Cancer Center between January 2017 and December 2021. We examined the effect of baseline SAA on OS, PFS
and chemotherapy response. The X-Tile program was used to determine the critical value for optimizing the significance of
segmentation between Kaplan-Meier survival curves. The Kaplan-Meier curves and Cox regression analyses were used to analyze
OS and PFS.

Results: The best cut-off value of baseline SAA levels for OS stratification was 8.2 mg/L. Multivariate analyses showed that SAA was
an independent predictor of OS (Hazard Ratio (HR) = 1.694, 95% Confidence Interval (CI)=1.247-2.301, p=0.001) and PFS (HR =
1.555, 95% CI=1.152-2.098, p=0.004). Low SAA was associated with longer OS (median, 15.7 months vs 10.0 months, p < 0.001)
and PFS (median, 7.6 months vs 4.8 months, p < 0.001). The patients with a low SAA who received mFOLFIRINOX had longer OS
(median, 28.5 months vs 15.1 months, p = 0.019) and PFS (median, 12.0 months vs 7.4 months, p = 0.035) than those who received
nab-paclitaxel plus gemcitabine (AG) or SOXIRI, whereas there was no significant difference among the three chemotherapy regimens
in patients with a high SAA.

Conclusion: Owing to the rapid and simple analysis of peripheral blood, baseline SAA might be a useful clinical biomarker, not only
as a prognostic biomarker for patients with APC, but also as a guide for the selection of chemotherapy regimens.

Keywords: advanced pancreatic cancer, serum amyloid A, chemotherapy, prognosis, biomarker

Introduction

The mortality rate of pancreatic cancer is close to the incidence, ranking the sixth and seventh cause of cancer death in
China and the worldwide, respectively.! Approximately 80% of the patients have advanced pancreatic cancer (APC) at
diagnosis and are not surgical candidates.” Chemotherapy, such as FOLFIRINOX or gemcitabine therapy, is an important
method for treating APC and prolonging the patient’s life.> However, the median survival of patients with APC received
chemotherapy remains between 6 and 11 months.* Even though the FOLFIRINOX is the preferred choice for those
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patients with a good performance status, the high level of toxicity cannot be ignored.® Thus, there is an urgent and critical
need to discover a predictive biomarker to help patients with APC choose appropriate chemotherapy regimens.

Early prediction of the effect of chemotherapy in patients with APC can increase clinical benefit. To the best of our
knowledge, there are few reports on predictive models for patients with APC undergoing systemic chemotherapy,
although a large number of predictive models have been reported for pancreatic cancer patients undergoing surgery.’
Plasma carbohydrate antigen 19-9 (CA19-9) is the most studied prognostic biomarker in patients with pancreatic cancer.’
However, CA19-9 may be elevated in other diseases that are not specific to pancreatic cancer, and approximately 5-7%
of individuals have false-negatives.® In addition, attempts have been made to make predictions by finding new genes,’
circulating DNA,'® and intratumoral microbes,'! among others, but these are yet to be approved for use in routine care.

Inflammation, especially chronic inflammation, plays a crucial role in the development and progression of cancer,'?
and may also affect the efficacy of chemotherapy.'® Several inflammatory markers such as albumin (Alb),'* C-reactive
protein (CRP),"> and serum amyloid A (SAA)'® are believed to predict the prognosis of solid tumors. Among these
inflammatory biomarkers, SAA is a sensitive inflammatory biomarker synthesized and secreted by the liver, which is
associated with persistent inflammatory responses.'” Studies have found that high expression of SAA1 in tumor tissues is
associated with poor prognosis of pancreatic cancer.'® It has also been suggested that high SAA lexpression levels in
tumor tissues may be associated with resistance to common chemotherapy drugs including paclitaxel, platinum-based
drugs, and 5-fluorodeoxyuridine.'” Given the important role of systemic inflammation in regulating the development and
progression of pancreatic cancer, and the influence of SAA1 expression in tumor tissue on the efficacy of chemotherapy,
it is important to investigate the prognostic value of circulating SAA in patients with APC received chemotherapy.

To the best of our knowledge, little is known about the relationship between SAA and clinical outcomes in patients
with APC. Therefore, the purpose of this retrospective study was to explore whether baseline SAA levels were associated
with overall survival (OS), progression-free survival (PFS) and treatment response in patients with APC received
chemotherapy.

Materials and Methods
Patient Selection

We performed a retrospective analysis of 405 patients with APC who received first-line chemotherapy at the Sun Yat-sen
University Cancer Center (SYSUCC) between January 1, 2017 and December 30, 2021. The exclusion criteria were as
follows: (1) patients who had other primary tumors at the same time (n=2); (2) patients who had concurrent chemor-
adiotherapy (n=14); (3) patients without baseline or follow-up imaging data (n=110); (4) patients without baseline SAA
values (n=3); and (5) patients without baseline CA19-9 values (n=8). Ultimately, 268 patients with APC were enrolled in
the study. A flow chart of the patient selection process is shown in Figure 1.

405 patients with APC received first-line
chemotherapy in our center
(January 2017-December 2021)

1. Had other primary tumors at the same time (n=2)
2. Had concurrent chemoradiotherapy (n=14)

3. Without baseline or follow-up imaging data (n=110)
4. Without baseline SAA values (n=3)

5. Without baseline CA19-9 values (n=8)

268 Patients included in the study

Figure | Flow chart of the patient selection process.
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Data Collection

Patient demographic data, including age, sex, body mass index (BMI), Eastern Cooperative Oncology Group (ECOG)
performance status (PS), primary tumor location, primary tumor size, presence of distant metastasis, presence of
metastases within multiple different organs, and the treatment process, were retrieved from electronic medical records.
All biochemistry laboratory data including CA19-9, CRP, and SAA levels, were obtained from the clinical laboratory
information system prior to the first chemotherapy treatment.

Evaluation of Treatment Response
The evaluation of treatment response to systemic chemotherapy was performed by an expert radiologist within 2-3
months after the start of chemotherapy, based on the new response evaluation criteria in solid tumors (RECIST 1.1).%°

Endpoints and Follow-up

OS (in months) was defined from the date of initiation of chemotherapy to the date of death or the date of last follow-up.
PFS (in months) was defined from the date of initiation of chemotherapy to the date of first imaging assessment as
disease progression or the date of death. Follow-up continued until September 30, 2022,

Statistical Analysis

Optimal cut-off values of SAA were determined using X-tile software, which is widely used to calculate the optimal cut-
off value that shows the best predictive power for overall survival.”' For continuous variables, data were expressed as
mean + standard deviation (SD) and compared using the Student’s ¢-test. The chi-square test was used to compare
differences between the two groups. Cox proportional hazards models were used for univariate and multivariate analyses.
Clinical end points were calculated using the Kaplan-Meier method and compared using the Log rank test. All factors
with p < 0.05 in univariate analysis were included in the multivariate analysis. Hazard ratios (HRs) and the corresponding
95% confidence intervals (Cls) were estimated using Cox regression analysis. All statistical assessments with p < 0.05
defined statistical significance.

Results

Patient and Tumor Characteristics
A total of 405 patients with APC were screened, and 268 patients were finally enrolled in this study. The patient
characteristics are shown in Table 1. This study included 166 men (61.9%) and 102 women (38.1%). The median age of

Table | Patient and Tumor
Characteristics (n=268)

Variables n (%)
Gender

Female 102 (38.1)
Male 166 (61.9)

Age (years)

< 65 207 (77.2)
> 65 61 (22.8)
BMI (kg/m?)
<24 199 (74.3)
224 69 (25.7)
(Continued)
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Table | (Continued).

Variables n (%)
ECOG PS

>| 9 (34)
<l 259 (96.6)

Tumor size (cm)

<4 126 (47.0)

>4 142 (53.0)

Tumor site

Head/Neck 92 (34.3)

Body/Tail 176 (65.7)

Distant metastasis

Absent 77 (28.7)

Present 191 (71.3)

CAI19-9 (U/mL)

<614 134 (50.0)
> 614 134 (50.0)
CRP (mg/L)

<10 173 (64.6)
> 10 95 (35.4)
SAA (mgl/L)

<82 105 (39.2)
> 82 163 (60.8)

Chemotherapy regimen

AG 106 (39.6)
mFOLFIRINOX 66 (24.6)
SOXIRI 64 (23.9)
Others 32 (11.9)

the patients was 59 years (range, 28—84 years). A total of 259 patients (96.6%) had an ECOG PS of 0 or 1. At baseline,
the median (range) BMI, CA19-9, CRP, and SAA levels were 22.0 (14.2-37.3) kg/m?, 614 (1.0-20,000) U/mL, 5.2 (0.1—
109.3) mg/L and 12.5 (0.0-1820.6) mg/L, respectively. Of these patients, 92 (34.3%) had tumors located in the head and
neck of the pancreas and 176 (65.7%) in the body and tail. A total of 126 (47.0%) patients had a tumor size> 4 cm. At
diagnosis, 77 (28.7%) patients were locally advanced and 191 (71.3%) patients had distant metastases. Regarding the use
of chemotherapy regimens, 106 (3.2%) patients received nab-paclitaxel plus gemcitabine (AG), 66 (24.6%) patients
received mFOLFIRINOX, 64 (23.9%) patients received SOXIRI, and 32 (11.9%) patients received other chemotherapy

regimens including gemcitabine plus S1, AG plus cisplatin, and others.
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The Cut-off Values Determined by X-Tile

In the present study, we used the X-tile program to derive the optimal cut-off values of SAA, which showed that the most
significant predictive power for OS was 8.2 mg/L. Base on this cut-off value, the patients were divided into two
subgroups: low SAA (< 8.2 mg/L) and high SAA (> 8.2 mg/L).

Association of Baseline SAA Levels with Overall Survival

First, we analyzed the impact of baseline SAA on OS across different subgroups, as shown in Figure 2. The impact
of baseline SAA on OS was consistent (hazard ratio < 1.0) across subgroups including sex, BMI, tumor size and
site, distant metastasis, and CA19-9 levels. The Kaplan—Meier analysis indicated that low SAA was associated with
longer OS (p<0.001, Figure 3A); the median OS for patients with a low SAA and a high SAA was 15.7 months
(95% CI, 11.2-20.3 months) and 10.0 months (95% CI, 9.2-10.8 months), respectively. In addition, based on the
results of our univariate and multivariate analyses, baseline SAA was shown to be an independent prognostic factor
for OS (HR=1.694, 95% CI=1.247-2.301, p=0.001, Table 2). These analyses also showed that distant metastasis
(p<0.001), CA19-9 levels (p=0.002), and CRP levels (p<0.001) were significantly associated with OS. Further
multivariate analysis showed that distant metastasis could also independently predict OS (HR=1.741, 95% CI
=1.222-2.480, p=0.002, Table 2).

Number (%) Favors Favors
Source Low High HR (95%CI) SAA<8.2 mg/L SAA>8.2 mg/L P value
Gender
Female 48 (45.7) 54 (33.1) 0.553 (0.352-0.870) —— 0.010
Male 57 (54.3) 109 (66.9) 0.501 (0.335-0.750) e 0.001
Age (years)
<65 80 (76.2) 127 (77.9) 0.459 (0.325-0.648) —— <0.001
> 65 25(23.8) 36(22.1) 0.849 (0.457-1.577) = 0.605
BMI (kg/m2)
<24 78 (74.3) 121 (74.2) 0.543 (0.385-0.767) — 0.001
>24 27 (25.7) 42(25.8) 0.373 (0.198-0.705) —_—— 0.002
ECOG PS
0-1 102 (97.1) 157 (96.3) 0.475 (0.350-0.644) —— <0.001
Tumor size (cm)
<4 59 (66.2) 67 (41.1) 0.596 (0.389-0.914) —— 0.018
>4 46 (43.8) 96 (58.9) 0.482 (0.313-0.741) —— 0.001
Tumor site
Head/Neck 41 (39) 51(31.3) 0.554 (0.329-0.933) —— 0.026
Body/Tail 64 (61) 112 (68.7) 0.490 (0.339-0.709) —— <0.001
Distant metastasis
Absent 44 (41.9) 33(20.2) 0.427 (0.231-0.790) I 0.007
Present 61 (58.1) 130 (79.8) 0.659 (0.466-0.931) —— 0.018
CA19-9 (U/ml)
<614 63 (60.0) 71(43.6) 0.526 (0.345-0.802) —_—— 0.003
> 614 42 (40.0) 92 (56.4) 0.573(0.371-0.885) —— 0.012
CRP (mg/L)
<10 101 (96.2) 72 (44.2) 0.558 (0.387-0.804) — 0.002
>10 4(38) 91(55.8) 1.129 (0.411-3.104) = 0.813
Chemotherapy regimen
AG 45 (42.9) 61(37.4) 0.585 (0.368-0.929) —— 0.023
mFOLFIRINOX 21(20) 45(27.6) 0.228 (0.099-0.526) +——=&— 0.001
SOXIRI 31(29.5) 33(20.2) 0.512(0.295-0.887) — 0.017
Others 8(7.6) 24(14.7) 0.830 (0.328-2.102) 0.695
Overall survival 105 163  0.519 (0.385-0.699) —— <0.001
é 0'5 1 ||5 ; 2'5 f‘!
The estimates
Hazard Ratio

Figure 2 Overall survival across different subgroups. Findings were examined by Cox proportional hazards regression analysis. Hazard ratio < |.0.
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Figure 3 Survival analysis and chemotherapeutic response. (A) Patients with a low SAA had a significantly longer median OS than those with a high SAA (15.7 months vs
10.0 months, p < 0.001). (B) Patients with a low SAA had a significantly longer median PFS than those with a high SAA (7.6 months vs 4.8 months, p < 0.001). (C)
Chemotherapeutic response waterfall plot analysis. Low SAA group (n = 105, Responder = 96, No Responder = 9), High SAA group (n = 163, Responder = |19, No
Responder = 44). (D) The proportion of patients with a low SAA level responding to chemotherapy was significantly higher than that of patients with a high SAA level (91.4%
vs 73.0%, p = 0.001).

Association of Baseline SAA Levels with Progression-Free Survival

The relationship between baseline SAA and PFS was also analyzed and showed similar results to OS. The Kaplan—
Meier analysis indicated that low SAA was associated with longer PFS (p<0.001, Figure 3B), the median PFS for
patients with a low SAA and a high SAA was 7.6 months (95% CI, 5.8-9.3 months) and 4.8 months (95% CI, 4.0—
5.6 months), respectively. As shown in Table 2, distant metastasis (p<0.001), CA19-9 (p<0.001), CRP (p<0.001)
and SAA (p<0.001) levels were significantly associated with PFS in the univariate analysis. Further multivariate
analysis showed that distant metastasis (HR =1.960, 95% CI=1.355-2.836, p<0.001), CA19-9 levels (HR=1.417,
95% CI=1.067-1.881, p=0.016) and SAA levels (HR=1.555, 95% CI=1.152-2.098, p=0.004) were independent
predictors of PFS.
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Table 2 Univariate and Multivariate Analyses of Prognostic Factors for Overall Survival and
Progression-Free Survival

Characteristics os PFS
Univariate Multivariate Univariate Multivariate
HR (95% CI) P value HR (95% CI) P value
Gender
Female 0.685 n.d. n.d. 0.584 n.d. n.d.
Male
Age
<65 0.284 nd. nd. 0.280 nd. nd.
>65
BMI (kg/m?)
<24 0.835 nd. nd. 0.528 nd. nd
224
ECOG PS
>| 0.559 n.d. nd. 0.736 nd. nd.
|

Tumor size (cm)

<4 0.057 nd. nd. 0.061 nd. nd.
>4

Tumor site
Head/Neck 0.692 nd. nd. 0.466 nd. nd.
Body/Tail

Distant metastasis

Absent <0.001* | (reference) 0.002* <0.001* | (reference) <0.001*

Present 1.741(1.222-2.480) 1.960(1.355-2.836)

CAI9-9 (U/mL)

<614 0.009* NS <0.001* | (reference) 0.016*
> 614 1.417(1.067-1.881)

CRP (mg/L)
<10 <0.001* NS <0.001* NS
> 10

SAA (mg/L)
<82 <0.001* | (reference) 0.001* <0.001* | (reference) 0.004*
> 82 1.694(1.247-2.301) 1.555(1.152-2.098)

(Continued)
Journal of Inflammation Research 2023:16 https: 1303

Dove!


https://www.dovepress.com
https://www.dovepress.com

Ding et al Dove

Table 2 (Continued).

Characteristics oS PFS
Univariate Multivariate Univariate Multivariate
HR (95% CI) P value HR (95% CI) P value

Chemotherapy regimen

AG 0.765 n.d. n.d. 0.370 nd. n.d.

mFOLFIRINOX

SOXIRI

Others

Note: *Indicates statistical significance.

Association Between Baseline SAA Levels and Chemotherapy Response

According to the chemotherapeutic response waterfall plot analysis, the proportion of patients with a low SAA that
responded to chemotherapy was significantly higher than that of patients with a high SAA (p=0.001, Figure 3C and D).
We therefore focused on the response to the three most regularly used chemotherapy regimens in our center, including
AG, mFOLFIRINOX, and SOXIRI. As shown in Figure 4, the Kaplan-Meier survival analysis showed that in all three
regimens, OS and PFS in the low SAA group were longer than those in the high SAA group. To further clarify the
relationship between baseline SAA levels and response to the three chemotherapy regimens, we conducted a unified
comparative analysis. We found that patients received the three chemotherapy regimens had similar OS and PFS
(Figure 5A and B). There was no significant difference in OS among the three chemotherapy regimens in the high
SAA group (p=0.917, Figure 5C), while the low SAA group that received mFOLFIRINOX had longer OS (p=0.019) and
PFS (p=0.035) than the other two (Figure 5D-F). In patients received mFOLFIRINOX, the proportions of PR, SD, and
PFS >6 months in the low SAA group were significantly higher than those in the high SAA group (Figure 5G and H).
Representative CT images are shown in Figure 6.

Discussion

In this study, we found that baseline SAA levels could be an independent prognostic factor for OS and PFS in patients
with APC received chemotherapy. To the best of our knowledge, this is the first study to use baseline SAA levels as
a biomarker to predict the survival outcome of patients with APC. In addition, the current study expands the clinical
application for patients with APC in survival prediction without considering their chemotherapy regimens.

Carcinogenesis is a result of multistage process, and there is increasing evidence that inflammation is a key
component of tumor progression.”> Moreover, various studies have shown that inflammation can affect the efficacy of
chemotherapy and can even lead to chemoresistance.”® Recently, an increasing number of studies have reported that
SAA, an important biomarker of inflammation, is involved in carcinogenic and neoplastic diseases. SAA is a major
acute-phase protein mainly produced by liver cells, and can also be synthesized in extrahepatic tissues, such as cancer
cells and cancer metastases.”* Some studies have reported that high expression of SAA1 in tumor tissues can promote
fibrosis, which plays an important role in chemotherapy resistance and poor prognosis of pancreatic cancer.”> However,
the role of circulating SAA in prognosis and chemotherapy response in patients with APC remains unknown.

In this study, we showed that the baseline SAA levels with cut-off value of 8.2 mg/L was an independent prognostic
factor for OS and PFS in patients with APC received chemotherapy. Therefore, baselines SAA can not only be used as an
important biomarker to predict the prognosis of patients with gastric cancer,”® lung cancer,”’ and kidney cancer®® but also
has a good prognostic value in patients with APC received chemotherapy. In addition, further analysis of our study
showed that baselines SAA could well predict OS and PFS regardless of chemotherapy regimens, which has shown
promise for a wide range of applications in clinical practice. Therefore, clinicians should encourage patients with APC
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Figure 4 Kaplan-Meier curves for OS and PFS of 3 chemotherapy regimens. (A) Patients received AG with a low SAA had a significantly longer median OS than those with
a high SAA (15.0 months vs 9.5 months, p = 0.021). (B) Patients received mFOLFIRINOX with a low SAA had a significantly longer median OS than those with a high SAA
(28.5 months vs 10.0 months, p < 0.001). (C) Patients received SOXIRI with a low SAA had a significantly longer median OS than those with a high SAA (15.1 months vs 10.5
months, p = 0.015). (D) Patients received AG with a low SAA had a significantly longer median PFS than those with a high SAA (6.7 months vs 4.6 months, p = 0.033). (E)
Patients received mFOLFIRINOX with a low SAA had a significantly longer median PFS than those with a high SAA (12.0 months vs 4.5 months, p = 0.002). (F) Patients
received SOXIRI with a low SAA had a significantly longer median PFS than those with a high SAA (7.8 months vs 5.4 months, p = 0.027).

with a low SAA to receive chemotherapy to achieve the longest overall survival, while those with a high SAA may
benefit from a more aggressive treatment approach.

AG and FOLFIRINOX, as first-line chemotherapy regimens, have been shown to relieve cancer-related symptoms
and prolong life in patients with APC. However, there has been no clinical Phase III randomised trial comparing AG and
FOLFIRINOX. A comprehensive systematic review and meta-analysis of nearly 7000 patients with APC treated with
FOLFIRINOX or AG as first-line therapy was conducted. Compared with AG, the benefits of FOLFIRINOX for OS and
PFS were slight but not statistically significant.”’ In our survival analysis, we found that the efficacy of AG and
mFOLFIRINOX was similar. The median OS of AG and mFOLFIRINOX was 12.3 months and 13.5 months respec-
tively, consistent with other large retrospective studies such as Kim et al (12.1 months vs 13.8 months).*® Different
chemotherapy regimens have different side effects, and in clinical practice, clinicians tend to use FOLFIRINOX in young
and fitter patients.*' So, it is crucial to identifying those who would benefit most from a particular treatment. However, no
available clinical prediction model has been developed to facilitate the selection of FOLFIRINOX or AG in patients with
APC.** Surprisingly, we found that patients with APC with a low SAA received mFOLFIRINOX had longer OS and PFS
than those received AG or SOXIRI, while there was no significant difference in patients with a high SAA. This suggests
that patients with APC with a low SAA may be preferentially treated with mFOLFIRINOX. Previous studies have found
that the high expression of human Equilibrative Nucleoside Transporter 1 (hENT1) is related to longer OS in patients
with APC received AG,” while Hepatocyte Nuclear Factor-1A (HNF1A) positive patients might benefit from
FOLFIRINOX.** In contrast to these studies, SAA can be obtained from serum as a routine clinical biochemical test,

which is more convenient, safer and economical. However, those results remain prospective clinical trial to confirm.
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Figure 5 Association between baseline SAA and chemotherapy response. (A) No significant difference in OS among the three chemotherapy regimens (I 1.2 months vs 13.5
months vs 2.1 months, p = 0.576). (B) No significant difference in PFS among the three chemotherapy regimens (5.5 months vs 6.6 months vs 6.9 months, p = 0.246). (C)
No significant difference in OS among the three chemotherapy regimens in patients with a high SAA (9.5 months vs 10.0 months vs 10.5 months, p = 0.917). (D) Patients
received mFOLFIRINOX with a low SAA had a longer median OS than the other two, but there was no statistical significance (28.5 months vs 15.0 months vs 15.1 months,
p = 0.064). (E) Comparison between two groups, patients received mFOLFIRINOX with a low SAA had a significantly longer median OS than those received AG or SOXIRI
(28.5 months vs I5.1 months, p = 0.019). (F) Comparison between two groups, patients received mFOLFIRINOX with a low SAA had a significantly longer median PFS than
those received AG or SOXIRI (12.0 months vs 7.4 months, p = 0.035). (G). In patients received mFOLFIRINOX, PD (9.5%), SD (52.4%) and PR (38.1%) in the low SAA
group, and PD (42.2%), SD (33.3%) and PR (24.4%) in the high SAA group, (p=0.029). (H). In patients received mFOLFIRINOX, 66.7% patients with a low SAA had a PFS>6
months, 35.6% patients with a high SAA had a PFS>6 months, (p=0.018).

CA19-9 is a reliable serum biomarker for predicting pancreatic cancer prognosis. In our study, because CA19-9 was
above the upper limit of the normal range in more than 80% of the patients, we chose a median of 614U/mL as the cut-off
value for our study. Our results found that the CA19-9 levels showed independent prognostic significance in multivariate
analyses for PFS but not OS. Aside from SAA, CRP has also been reported to be associated with prognosis in pancreatic
cancer.”® In our study, a CRP level of 10 mg/L was considered the cut-off value.*® CRP levels was significantly
associated with OS and PFS in the univariate analysis, but not in the multivariate analysis. So, SAA levels showed
more prognostic power than CA19-9 and CRP levels. Considering the complex interactions among components of the
tumor microenvironment, we should further investigate how to combine these serum biomarkers to improve their
predictive power for the prognosis of patients with APC.

This study had several limitations. First, as this was a retrospective study conducted at a single institution, there could
be selection and verification biases. Second, we screened patients from our single institution which had a small sample
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Figure 6 Representative CT images. (Patient | #) A patient with SAA of 78.2 mg/L received AG. CT examination before chemotherapy showed that the patient had primary tumor
located in the head of the pancreas and multiple metastases in the liver. After 1.2 months of chemotherapy, the size of the pancreatic lesion enlarged, and intrahepatic metastases
increased and enlarged. The efficacy was evaluated as PD. (Patient 2 #) A patient with SAA of 4.9 mg/L received AG. CT examination before chemotherapy showed that the patient
had primary tumor located in the tail of the pancreas and multiple metastases in the liver. After 6 months of chemotherapy, the size of the pancreatic lesion and intrahepatic
metastases were smaller. The efficacy was evaluated as PR. (Patient 3 #) A patient with SAA of 181.6 mg/L received mFOLFIRINOX. CT examination before chemotherapy showed
that the patient had primary tumor located in the tail of the pancreas and multiple metastases in the liver. After 1.2 months of chemotherapy, the pancreatic lesions were stable in
size, but intrahepatic metastases increased and enlarged. The efficacy was evaluated as PD. (Patient 4 #) A patient with SAA of 2.4 mg/L received mFOLFIRINOX. CT examination
before chemotherapy showed that the patient had primary tumor located in the tail of the pancreas and peritoneal metastases. After 6 months of chemotherapy, the size of the
pancreatic lesion was smaller and peritoneal metastases were smaller and partially disappeared. The efficacy was evaluated as PR. (Patient 5 #) A patient with SAA of 83.1 mg/L
received SOXIRI. CT examination before chemotherapy showed that the patient had primary tumor located in the neck and body of the pancreas and multiple metastases in the
liver. After |.4 months of chemotherapy, the size of the pancreatic lesion enlarged, and intrahepatic metastases increased and enlarged. The efficacy was evaluated as PD. (Patient 6
#) A patient with SAA of 4.6 mg/L received SOXIRI. CT examination before chemotherapy showed that the patient had primary tumor located in the head of the pancreas and
intrahepatic metastases. After 6.9 months of chemotherapy, intrahepatic metastases disappeared, the pancreatic lesion was treated with irreversible electroporation.
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size, and may have limited statistical power. Further prospective or external validation studies with larger sample sizes
are required. Third, whether the circulating SAA levels is correlated with the expression of SAA in tumor tissues and the
underlying mechanism between SAA and cancer biology should be further investigated.

Conclusion

Our findings suggest that baseline SAA is associated with OS and PFS and could be an independent prognostic
biomarker for patients with APC received chemotherapy. Owing to the rapid and simple analysis of peripheral blood,
baseline SAA might be a useful clinical biomarker, not only as a prognostic biomarker for patients with APC, but also as
a guide for the selection of chemotherapy regimens.
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