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Background: Pancreatic head cancer and pancreatic body/tail cancer are considered to
have different clinical presentations and to have altered outcomes.

Methods: Ninety cases of pancreatic adenocarcinoma (PDAC) from our institution were
used as a discovery set and 166 cases of PDAC from the TCGA cohort were used as a
validation set. According to the anatomical location, the cases of PDAC were divided into
the pancreatic head cancer group and the pancreatic body/tail cancer group. Firstly, the
different biological functions of the two groups were assessed by ssGSEA. Meanwhile,
ESTIMATE and CIBERSORT were conducted to estimate immune infiltration. Then, a
novel anatomical site-related risk score (SRS) model was constructed by LASSO and Cox
regression. Survival and time-dependent ROC analysis was used to prove the predictive
ability of our model in two cohorts. Subsequently, an integrated survival decision tree and
a scoring nomogram were constructed to improve prognostic stratification and predictive
accuracy for individual patients. In addition, gseaGO and gseaKEGG pathway analyses
were performed on genes in the key module by the R package.

Results: Overall survival and the objective response rate (ORR) of patients with pancreatic
body/tail cancer were markedly superior to those with pancreatic head cancer. In addition,
distinct immune characteristics and gene patterns were observed between the two
groups. Then, we screened 5 biomarkers related to the prognosis of pancreatic cancer
and constructed a more powerful novel SRS model to predict prognosis.

Conclusions: Our research shed some light on the revelation of gene patterns, immune and
mutational landscape characterizations, and their relationships in different PDAC locations.

Keywords: pancreatic adenocarcinoma, pancreatic head cancer, pancreatic body/tail cancers, immunologic and
hallmark gene sets, prognosis
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INTRODUCTION

Pancreatic adenocarcinoma (PDAC) is a highly malignant tumor
with a rapidly increasing incidence in recent years. According to
estimates from the World Health Organization (WHO) in 2020
(1), PDAC accounts for 495,773 new cases and 466,003 cancer
deaths, and is the seventh leading cause of cancer death in both
men and women worldwide. In addition, the mortality to
incidence of PDAC is about 0.94, ranking first among all
common tumors (2). The 5-year survival rate is 10% at
present, and is projected to become the second leading cause
of cancer death in USA by 2030 (3).

Accounting for the poor outcome of PDAC, numerous
investigations have been done to detect and evaluate the
prognostic factors of PDAC, so that follow-up care and
management can be planned appropriately. Tumor size and
histological characteristics are well-known as major prognostic
factors for PDAC (4, 5). Moreover, gender, age, pathological
stage, cancer antigen 19-9 (CA19-9) level, and genomic analysis
have been proposed as significant prognostic factors for PDAC in
recent studies (6-8). The importance of tumor location of PDAC
to prognosis has been demonstrated as well (9-12).

Different locations of tumor usually contribute to different
clinical features and prognoses, so that different therapeutic
methods are required depending on the tumor locations.
Approximately 60%-70% of pancreatic tumors occur in
pancreatic head or neck, which tend to cause biliary
obstruction, giving rise to the classic appearance of painless
jaundice. Tumors of the pancreatic body are more likely to
invade local vascular structures including the portal vein,
celiac, hepatic, and superior mesenteric vessels, leading to back
pain on presentation (3). Pancreatic tail tumors can often grow
latently because of fewer anatomical neighbors and are prone to
be advanced at the time of diagnosis with symptoms from sites of
metastases (13). When it comes to resectable and borderline
resectable PDAC, pancreatic head tumors are typically treated
with a pancreaticoduodenectomy, while tumors in the body or
the tail of the pancreas can be resected with a distal
pancreatectomy, often combined with splenectomy (14, 15).
Based on the principle of individualized treatment,
distinguishing systemic therapies related to the location of
PDAC are needed.

Several studies have indicated that the anatomical site of
PDAC may have a different biological nature and survival, while
the outcome is controversial (9-12). Some studies supported
that pancreatic head cancer has a better overall patient survival
than pancreatic body/tail tumor, due to the earlier diagnosis of
pancreatic head cancer and the high resection rate (9, 11, 16).
However, some studies showed that the prognosis of pancreatic
body/tail cancer is better than that of pancreatic head cancer (17,
18). The reasons of the divided opinions and the mechanism of
how location affect prognosis remain to be explored.

Emerging studies have identified that molecular subtypes of
PDAC based on genomic analyses is associated with prognosis
and implication of therapies (19). The differentially expressed
genes (DEGs) and mutation signatures of pancreatic head
tumors and pancreatic body/tail tumors have been analyzed as

well (20). Yet, the exact genetic differences between pancreatic
head cancer and pancreatic body/tail cancer have not been fully
elucidated, and there was no anatomical site-based prognostic
model available that can be used to identify high-risk patients
in PDAC.

Immune checkpoint inhibitors have offered promise in the
treatment of a wide range of malignancies, but unfortunately,
this clinical benefit has not yet translated to pancreatic ductal
adenocarcinoma (21), due to the complexity of this tumor and
the highly immunosuppressive microenvironment (22). In
addition, the efficacy of immunotherapy is closely related to
the components of the tumor microenvironment (TME) (23).
We would like to investigate whether there are any differences in
the infiltration level of immune cells between pancreatic head
cancer and pancreatic body/tail cancer, which may be helpful for
choosing the proper immunotherapy approach as well.

Therefore, the main purpose of this study is to analyze the
different immune microenvironment, and the various hallmarks
and mutation signatures of pancreatic head cancer and
pancreatic body/tail cancer, and to find out the significant
mechanisms that are related to PDAC sites. In addition, we
established and validated a robust anatomical site-related risk
score (SRS) model to predict prognosis for PDAC patients.
Finally, an integrated model based on the gene signature and
clinicopathological features was developed to improve the
predictive power and accuracy.

MATERIALS AND METHODS

Data Source and Patient Selection

We obtained information on 90 primary curative resection
PDAC patients at Shanghai Renji Hospital (Shanghai,
Shanghai Jiao Tong University School of Medicine, China) as a
discovery set. The criteria for screening these patients are the first
diagnosis and first treatment in the Department of Oncology of
our hospital between 2017 and 2021, and the patients with
pancreatic cancer who can track the complete clinical
information. This standard reduces the deviation of the results
due to the difference in diagnosis and treatment.

According to the anatomical location, the patients were
divided into 41 cases of pancreatic head cancer and 49 cases of
pancreatic body/tail cancer, including clinical features, outcomes
of chemotherapy [nab-paclitaxel (a novel albumin-bound,
solvent-free, and water-soluble formulation of paclitaxel)
combined with gemcitabine], and detection indicators (before
first-line treatment) of PDAC patients in the peripheral blood
samples (Table 1).

Validation and Training Cohorts

RNA-seq expression profiles, clinical data, and mutation data
were downloaded and collected from TCGA (https://
xenabrowser.net/datapages/); RNA-seq expression profiles
contain 105 pancreatic head cancer cases and 19 pancreatic
body/tail cancer cases. Clinical information contains 136
pancreatic head cancer cases and 30 pancreatic body/tail
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TABLE 1 | Clinical features and detection indicators of PDAC patients in the
peripheral blood samples.

Features n (%)
Type, n (%)

Head 49 (564.4%)

Tail 41 (45.6%)
Gender, n (%)

Female 34 (37.8%)

Male 56 (62.2%)
Age, n (%)

<65 52 (567.8%)

>65 38 (42.2%)
TNM Stage, n (%)

Il 22 (25%)

-1V 66 (75%)
CEA, n (%)

<5 ng/ml 39 (47.6%)

>5 ng/ml 43 (52.4%)
CA199, n (%)

<100 U/ml 14 (17.1%)

>100 U/ml 68 (82.9%)
CA125, n (%)

<35 U/ml 36 (44.4%)

>35 U/ml 45 (55.6%)
CAT724, n (%)

<7 U/ml 47 (62.7%)

>7 U/ml 28 (37.3%)
CA50, n (%)

<24 U/ml 9 (12%)

>24 U/ml 66 (88%)
Total bile acid, n (%)

<10 umol/L 69 (81.2%)

>10 umol/L 16 (18.8%)
Cholesterol, n (%)

<5.68 mmol/L 61 (88.4%)

>5.68 mmol/L 8 (11.6%)
Total bilirubin, n (%)

<17.1 umol/L 62 (72.9%)

>17.1 umol/L 23 (27.1%)
Direct bilirubin, n (%)

<6 pumol/L 62 (72.9%)

>6 umol/L 23 (27.1%)
ALT, n (%)

<40 1U/ml 63 (74.1%)

>40 1U/ml 22 (25.9%)
AST, n (%)

<45 1U/ml 68 (80%)

>45 [U/ml 17 (20%)
GGT, n (%)

<50 1U/ml 37 (43.5%)

>50 [U/ml 48 (56.5%)
ALT, n (%)

<160 1U/ml 63 (74.1%)

>160 IU/ml 22 (25.9%)

PDAC, pancreatic adenocarcinoma.

cancer cases, including age, gender, overall survival (OS),
disease-free survival (DFS), and TNM stage. In order to verify
the results in different cohorts, 124 TCGA-PDAC patients were
divided into validation (n = 62) and training cohorts (n = 62)
with “survival”, “caret”, “glmnet”, and “survminer” R packages.
To ensure that these patients of pancreatic head cancer and
pancreatic body/tail cancer were comparable, the Kaplan-Meier

method was used to draw survival curves, and the log-rank test

was performed to evaluate survival difference. The criterion for
statistical significance was p < 0.05 on the above
analysis (Figure 2A).

Prognostic Factors of Pancreatic

Head Cancer and Pancreatic Body/Tail
Cancer and Construction of Cox
Regression Models

To explore the different prognostic molecules of pancreatic head
cancer and pancreatic body/tail cancer, the impact of the
different molecular expression levels on the prognosis of
patients with pancreatic head cancer and pancreatic body/tail
cancer was investigated by univariate Cox regression analysis.
The molecules that affect the survival of the patients with
pancreatic head cancer and pancreatic body/tail cancer were
preliminarily screened. Multiple stepwise Cox regression analysis
was performed for potentially relevant genes in the preliminary
screening, and the influence of these molecules on the survival
time and the survival outcome was also analyzed (Table 2). p <
0.05 served as a standard condition for the above screening.

ssGSEA Analysis of Pancreatic Head
Cancer and Pancreatic Body/Tail Cancer
To reveal the variances in biological functions between
pancreatic head cancer and pancreatic body/tail cancer, the
single-sample gene set enrichment analysis (ssGSEA) algorithm
based on the transcriptome data and corresponding gene sets
retrieved from the Molecular Signatures Database (MSigDB) (24,
25) was applied. As previously described, the Molecular Function
(MF) analysis and Reactome pathway analysis were performed
by the R package “clusterProfiler” (26, 27). All genes with
different expression levels were divided into a pancreatic head
cancer and a pancreatic body/tail cancer group for comparison.
The gene set “h.all.v7.2.symbols.gmt” was chosen as the reference
gene set; adjusted p < 0.01 was regarded as statistical significance.

Immune Infiltration Analysis of

Pancreatic Head Cancer and Pancreatic
Body/Tail Cancer

The two algorithms named ESTIMATE (28), and CIBERSORT
(29) were used to quantify the relative or absolute abundance of
immune and stromal cell populations between pancreatic head
cancer and pancreatic body/tail cancer with transcriptome data.
The tumor purity of PDAC samples was estimated using the R
package “ESTIMATE”. The immune infiltration was defined as
the sum of absolute abundance of CD8+T cells, CD4+T cells,
regulatory T cells (Tregs), macrophages, myeloid-derived
suppressor cells (MDSCs), and DC cells. The cytolytic activity
(CYT) score was defined as the geometric mean of PRF1 and
GZMA (30).

Establishment of the Anatomical
Site-Related Risk Score

DEGs of pancreatic head cancer and pancreatic body/tail cancer
were identified using the R package “limma” for microarray data
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TABLE 2 | Association of overall survival with clinicopathological factors and tumor anatomical location of pancreatic cancer patients in TCGA-independent

validation cohorts.

Characteristics

Univariate analysis

Multivariate analysis

HR HR.95L HR.95H p-value HR HR.95L HR.95H p-value
Primary tumor site 0.393 0.201 0.769 0.0064 1.383 1.249 1.531 <0.0001
Head vs. 136 (166) 136 (166)
Tail/Body 30 (166) 30 (166)
Gender 0.736 0.48396 1.119 0.152 0.732 0.452 1.187 0.206
Female vs. 74 (166) 74 (166)
Male 92 (166) 92 (166)
Age 0.695 0.451 1.070 0.098 1.023 0.998 1.049 0.072
<65 vs. 74 (166) 74 (166)
>65 92 (166) 92 (166)
TNM Stage 0.864 0.349 2.144 0.753 0.888 0.518 1.521 0.665
-1l vs. 153 (166) 153 (166)
v 13 (166) 13 (166)

The testing of the proportional hazard assumption: log(—log) plot.

or “DESeq2” for RNA-seq read count data. DEGs were defined
with the thresholds of adjusted p < 0.05 and [log2 Fold Change| >
1.0 (31). Then, using the R package “Cox-PH”, the values of
hazard ratio (HR) and p were calculated for each significant
differential gene, and candidate genes with a p-value < 0.05 were
used as the input of the least absolute shrinkage and selection
operator (LASSO) Cox regression model. LASSO regularization
adds a penalty parameter (A) to the Cox regression model, and
this action can lead to zero coefficients; i.e., some of the candidate
genes were completely neglected for the evaluation of output
(32). In our analysis, 5 genes retained their Cox coefficients after
LASSO regularization (Figures 3A, B). Based on their expression
values and Cox coefficients, the immune-related risk score (SRS)
of each sample was calculated as follows:

SRS = Y Coefficient (mRNAi)  x  Expression(mRNAi)
i

The screened molecules were used to construct the prognostic
index (PI) model, and univariate analysis was done to determine
the prognostic power in the SRS-high group and the SRS-low
group (Figures 4A, B). The “survcutpoint” function of the R
package “survminer” was used to determine the optimal cutoff
point based on the maximal log-rank statistics. Multivariate Cox
regression analysis was performed to evaluate the risk
significance of each variable for survival. Time-dependent
receiver operating characteristic (tROC) analysis was
performed to measure the predictive power with the R package
“survival ROC” (33), and the areas under the curve at different
time points [AUC(t)] of all the variables were compared. Meta-
analysis (* > 30%, random-effects model) was performed to
evaluate the prognostic value in the pooled cohort. Based on SRS
and clinicopathological features, recursive partitioning analysis
was performed to build an integrated survival decision tree for
risk stratification with the R package “rpart”. Using the R
package “rms”, a scoring nomogram was generated with
detailed parameters including gender, KARS and TP53
histological variant, age, TNM stage, and SRS.

Enrichment Analysis of SRS

To reveal the correlation between the different biological
functions and SRS, the gene set enrichment analysis (GSEA)
method was used for the analysis in this study (34). Gene
Ontology (GO) enrichment and Kyoto Encyclopedia of Genes
and Genomes (KEGG) pathway analysis were performed on
genes in the key module by the R package “clusterprofiler” (35).
After setting the criteria of adjusted p < 0.01, GO terms and
KEGG pathways were visualized by the package “ggplot2”.

Nomogram Construction

We performed univariate analysis on clinicopathological
parameters and our signature in the PDAC-TCGA cohort. The
significant prognostic variables (p < 0.05) were subsequently
incorporated into multivariate Cox regression analysis. The R
package “rms” was utilized to build the nomogram adopting
variables with predictive significance in multivariate analysis (p <
0.05). Calibration curves were used to assess the consistency
between predicted and actual survival outcome. Furthermore,
time-dependent ROC curves were applied to compare the
predictive accuracy of nomogram, gene risk model, and
clinicopathological factors.

Additional Bioinformatic and

Statistical Analyses

DEGs were identified using the R package “limma” for microarray
data or “DESeq2” for RNA-seq read count data. Student’s t-test or
one-way analysis of variance (ANOVA) was used to analyze
differences between groups in variables with a normal
distribution. Categorical variables between the two groups were
compared using the chi-square test. A value of p < 0.05 was
considered statistically significant. IBM SPSS Statistics 20 (IBM
Corp., Armonk, NY, USA), GraphPad Prism 8.0 (GraphPad
Software Inc, San Diego, CA, USA), Stata 12 (StataCorp LLC,
TX, USA), and R software (version 3.6.2, http://www.r-project.
org) were used to analyze data and plot graphs.
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RESULTS

Differential Clinicopathological
Characteristics and Outcomes

of Initial Therapy in Head and Body/Tail
Pancreatic Cancers

The information on PDAC patients from our institution
included in the current study is displayed in Table 1. Firstly,

Type < Body/Tail <+ Head

the Kaplan-Meier survival analysis showed that the anatomical
location of cancer was closely related to the prognosis of patients
with PDAC. The OS (p = 0.019) and DFS (p = 0.024) of patients
with pancreatic body/tail cancer was superior to those with
pancreatic head cancer (Figures 1A, B). Subsequently,
treatment information and clinical outcomes of patients from
our institution were used to validate the result. After the initial
first-line treatment, the objective response rate (ORR) of

PFS

First line treatment

== PR/CR

SD PD

Ratio

with Wilcoxon test.

A 0s B
Type “* Body/Tail “* Head
1.00 1.00

>075 2075

g 3

8 2
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FIGURE 1 | The anatomical location of PAAD was closely related to clinicopathological characteristics and outcomes of initial therapy. (A) Kaplan—Meier analysis
showed that patients of pancreatic head cancers exhibited worse OS. (B) Kaplan-Meier (K-M) survival analysis showed that patients of pancreatic head cancer
exhibited worse PFS. (C) The ORR of worse outcomes after first line treatment was greatly elevated in pancreatic head cancer group. (D) Univariate cox regression
analysis demonstrated that primary tumor site was an independent risk factor for OS. (E) Multivariate cox regression analysis demonstrated that primary tumor site
was an independent risk factor for OS. (F-G) The levels of important biochemical indexes of peripheral blood between pancreatic head cancer group and pancreatic
body/tail cancer group in our institution’s data. PAAD, pancreatic adenocarcinoma; OS, overall survival; PFS, progression free survival; ORR: objective response
rate; PD, progressive disease; PR, partial remission, SD, stable disease; HR, hazard ratio; **p < 0.01, *p < 0.05 and not significant (p < 0.05) by repeated measures
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complete remission (CR) or partial remission (PR) in the
pancreatic body/tail cancer group was greatly improved
compared with the pancreatic head cancer group (Figure 1C).
Moreover, we analyzed clinical variable information and tumor
biomarkers of peripheral blood samples before first-line
treatment from our institution, among tumor anatomical site,
various clinicopathological variables (age, gender, and stage), and
biomarkers (CA125, CEA, CA199, and CA724) on a logl0 scale.
Univariate and multivariate Cox regression modeling
demonstrated that primary tumor site (uniCox: HR = 1.798,
p = 0.034; multiCox: HR = 1.326, p = 0.356), age (uniCox: HR =
2.113, p = 0.006; multiCox: HR = 2.767, p < 0.001), stage (uniCox:
HR = 2.364, p = 0.015; multiCox: HR = 3.396, p = 0.001), and
CA125 (uniCox: HR = 1.584, p = 0.036; multiCox: HR = 1.716,
p = 0.036) were independent risk factors for OS at the Renji
Hospital discovery set. However, there was no significant
difference in the Chi-square test of gender (uniCox: HR =
0.922, p = 0.763; multiCox: HR = 0.710, p = 0.250), CEA
(uniCox: HR = 1.141, p = 0.444; multiCox: HR = 1.123, p =
0.607), CA199 (uniCox: HR = 1.100, p = 0.515; multiCox: HR =
0.405, p = 0.016), CA724 (uniCox: HR = 1.244, p = 0.386;
multiCox: HR = 1.307, p = 0.330), and CA50 (uniCox: HR =
1.335, p = 0.248; multiCox: HR = 3.480, p = 0.024) of pancreatic
head cancer and pancreatic body/tail cancer (Figures 1D, E). In
addition, the levels of ALT (p = 0.0102) and ALP (p = 0.0374) in
peripheral blood samples of the pancreatic head cancer group
were significantly higher than those of the pancreatic body/tail
cancer group, but cholesterol was significantly reduced (p =
0.0038) in the pancreatic head cancer group (Figures 1F, G).

Table 2 shows univariate analysis and multivariate analysis of
166 PDAC patients with clinicopathological factors in TCGA-
independent validation cohorts. Furthermore, K-M prognostic
analysis surely verified that pancreatic body/tail cancer has a
better prognosis compared with pancreatic head cancer (OS p =
0.005, DFS p = 0.016, Figure 2A) using TCGA validation
cohorts. These lines of evidence demonstrated that patients
with pancreatic head cancer have a worse prognosis and ORR
of the initial therapy.

Distinct Immune Characteristics and Gene
Patterns Were Observed Between
Pancreatic Head Cancer and Pancreatic
Body/Tail Cancer

Genetic patterns and immune characteristics are the two most
important factors affecting the prognosis of PDAC patients (20,
23). Therefore, we analyzed the differences in expression profile
and immune microenvironment between pancreatic head cancer
and pancreatic body/tail cancer. There were 826 significant
DEGs (|log2 Fold Change| > 0.5, p < 0.05), of which 603 genes
were upregulated and 223 genes were downregulated
(Supplementary Table S1). A comprehensive heatmap
illustrates the different gene patterns (Figure 2B). Based on
ssGSEA scores of cancer hallmarks in the TCGA-PDAC
discovery cohort, the ssGSEA scores of each hallmark were
calculated and ranked. The ssGSEA demonstrated that there

were 4 significant hallmarks (FDR < 0.05), namely, glycolysis,
cholesterol-homeostasis, IL6/JAK/STAT3 signaling, and P53
pathway (Figure 2C), which may be important mechanisms
for the difference in prognosis between them.

Then, to evaluate the infiltrating levels of immune cells, tumor
purity, and stromal cells involved in the TME, CIBERSORT and
ESTIMATE were applied based on the transcriptome data of the
124 PDAC samples. Figure 2D illustrates that the immune score
was notably higher in the pancreatic head cancer group than the
body/tail pancreatic cancer group (p = 0.0074); however, stromal
scores did not change noticeably. Subsequently, pancreatic head
tumors demonstrated an immunosuppressive phenotype with
more infiltrations of regulatory T cells (Tregs), myeloid-derived
suppressor cells (MDSCs), tumor-associated macrophages
(TAMs), and high expressions of genes negatively regulating
anti-tumor immunity, but the infiltration of CD8T cells and NK
cells also increased (Figures 2E, F). These lines of evidence
indicated significant differences in gene patterns and tumor
immune disorder between the two groups.

Establishment and Validation of Site-

Related Risk Score in PDAC Patients

In order to screen the hub genes affecting the prognosis of
pancreatic cancer, a univariate Cox proportional-hazards (Cox-
PH) regression model was performed for the above DEGs in
pancreatic head cancer and pancreatic body/tail cancer using the
R package “survival”. In addition, the LASSO Cox regression
model was used to identify the most robust markers for
prognosis. With a threshold of p-value for univariate Cox
<0.01, 12 promising candidates (8 protective and 4 risk
markers) were identified (Figure 3A). An ensemble of 5
biomarkers (CHL1A-S2, KRT8P30, AL365184.1, AC083841.2,
and AC112255.1) remained with their individual nonzero
LASSO coefficients, and the distribution of LASSO coefficients
of the gene signature is shown in Figure 3B and Supplementary
Table S2. Finally, the SRS formula was established as follows: ¥;
Coefficient (mRNAi) x Expression (mRNAi). The expression
level of each gene was log2 normalized. According to the median
of risk score, patients were divided into SRS-high and SRS-low
risk groups. The expression level of KRT8P30, AL365184.1, and
AC083841.2 was significantly higher in the SRS-high risk group
than in the SRS-low risk group (p < 0.001), while the expression
level of CHL1-AS2 and AC112255.1 was reversely
downregulated in the SRS-high risk group (p < 0.001)
(Figure 3C). A prognostic index model for pancreatic head
cancer and pancreatic body/tail cancer was constructed using
these five genes; the expression data of these five genes were
introduced into the PI equation (Figure 3D). Next, we proposed
an integrated prognostic model via the combination of SRS and
other clinicopathological features to improve risk stratification
and to personalize risk assessment. A total of 124 TCGA-PDAC
patients with full-scale clinical annotations consisting of gender,
age, pathological stage, KRAS status, TP53 status, and SRS were
extracted to construct integrated prognostic models, and we
observed that most pancreatic head cancer samples were
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exclusively classified to high risk while half pancreatic body/tail
cancer samples were classified to low risk (Figure 3E). With a
goal of quantifying the risk assessment for individual PDAC
patients, a personalized scoring nomogram was generated to
predict 1- and 3-year OS probability with the six parameters
(Figure 3F). Furthermore, time-dependent ROC analysis
demonstrated that the SRS nomogram exhibited much more
powerful capacity of survival prediction compared with other
conventional clinicopathological features, with an average AUC

above 0.8 during a follow-up of 6 years (Figure 3G). Generally,
the integrated prognostic models could greatly optimize risk
stratification and predict OS for PDAC patients accurately.

SRS Serves as a Risk Factor for Overall
Survival in Each Cohort

To evaluate the predictive abilities of our signature, we
performed Kaplan-Meier survival and time-dependent ROC
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analysis in the training cohort (n = 62) and in the testing cohort
(n = 62). In the training cohort, Kaplan-Meier analysis revealed
that patients with higher SRS exhibited worse prognosis than
those with lower scores (p < 0.0001, Figure 4A). Multivariate
Cox regression analysis was performed on all clinical variables

including gender (male or female), age (265 or <65), pathological
stage (I-1I or III-1V), KRAS status (mutation or wild type), TP53
status (mutation or wild type), and SRS (SRS-high or SRS-low),
and results showed that SRS was the only independent risk factor
among all the variables (p < 0.001, Figure 4C). The predictive
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FIGURE 4 | SRS served as a risk factor for overall survival in each cohort. (A, B) Kaplan—Meier analysis showed that patients of SRS-high exhibited worse OS in the
TCGA training cohorts and testing cohorts. (C, D) Univariate Cox regression analysis and multivariate Cox regression analysis demonstrated that SRS was the only
independent risk factor for OS among all the clinical variables in the TCGA training cohorts and testing cohorts. (E, F) Time-dependent ROC curves of the clinical
variables at 3 years between patients at SRS-high and SRS-low in training and testing cohorts.

accuracy of six clinical variables was 0.420, 0.563, 0.474, 0.662,
0.654, and 0.735 at 3 years (Figure 4E). In accordance with the
results in the training cohort, a lower survival rate was observed
in the SRS-high group in the testing cohort (p = 0.024,
Figure 4B). In the testing cohort, among all clinical variables,
multivariate Cox regression modeling indicated that age (p =
0.043) and SRS (p = 0.0169) were two independent risk factors
for OS (Figure 4D). The predictive accuracy of six variables was
0.531, 0.326, 0.464, 0.566, 0.439, and 0.595 at 3 years (Figure 4F).

Different Immune Characteristics and
Mutational Patterns Were Observed
Between SRS-High and -Low Cohorts
Considering that immune infiltration is always strongly associated
with mutation in solid tumors, we investigated the immune
characterization, mutational landscape, and their relationships in
different PDACs. We performed further bioinformatic analyses to
explore the genomic alterations, altered pathways, and
immunogenicity alterations correlated with different immune-
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related risk groups. Compared with SRS-high samples, some
representative immune checkpoints including PDCD1, TIGIT,
LAG3, and BTLA were significantly elevated in SRS-low ones
(Figure 5A). In addition, the IFN-y response signature of the SRS-
low cohort was characterized by significantly higher PRF1, NKG7,
GZMA, GZMB, and GZMH expression (Figure 5C). Of note, the
SRS-low group was closely associated with cytolytic activity
signature, such as FGCRI and IL-6, which was significantly
elevated in the SRS-low cohort (Figure 5B), suggesting its
plastic and therapeutically reprogrammable state. Then, as
regards mutational features, SRS was significantly elevated in
KRAS™™ or TP53"" samples compared with KRAS and TP53

wild-type samples, the two significant mutated genes of PDAC
patients (Figure 5D). To investigate the altered pathways
underlying SRS in PDAC, DEGs between SRS-low and -high
samples were identified and submitted for Gene Ontology
enrichment analysis, respectively. gseaGo and gseaKEGG
analysis demonstrated that SRS-low exhibited a markedly higher
activity of various immune processes compared with SRS-high
(Figures 5E, F). The top 4 significantly altered biological part (BP)
embraced “natural killer cell activation”, “positive regulation of
peptidyl-serine phosphorylation”, “T cell activation involved in
immune response”, and “regulation of JAK-STAT cascade” among
all the gene sets from Gene Ontology (Figure 5E). The most
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representative immune checkpoints including LAG3, TIGIT, BTLA, and PDCD1 were significantly elevated in IRS-low ones. (B) SRS-low cohort was characterized with
significantly higher FGCR1 and IL-6 expression. (C) IFN-y response signature of the SRS-low cohort was characterized with significantly higher PRF1, NKG7, GZMA,
GZMB, and GZMH expression. (D) SRS was significantly elevated in KRASMt or TP53M“ samples compared with KRAS or TP53 wild-type samples. (E, F) gseaGo and
gseaKEGG analysis demonstrated that SRS-low exhibited significantly higher activity of various immune processes compared with SRS-high. ssGSEA, single-sample
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evidently altered KEGG pathway was presented as a “RIG-I-like
receptor signaling pathway” among all the gene sets from
KEGG (Figure 5F).

DISCUSSION

The primary tumor location of pancreatic cancer usually
influences the outcome of clinical features, treatment,
prognosis, and recurrence (3, 9-11). Pancreatic head cancer
and pancreatic body/tail cancer are considered to be two
different diseases and have altered outcomes. As for clinical
presentation, most patients of pancreatic head cancer present
jaundice early due to the obstruction of the common bile duct,
while pancreatic body/tail cancer presents with weight loss and
pain, symptoms more in keeping with advanced disease (36).
Several studies have confirmed a different biological nature and
survival (9, 11, 16). However, in recent years, the association
between tumor location and prognosis has remained
controversial for patients with different tumor resection.
Previous studies suggested that patients with pancreatic head
cancer have a better prognosis than those with pancreatic body/
tail cancer, because patients with pancreatic head cancer have
higher resection rates and greater utilization of adjuvant therapy,
while those with pancreatic body/tail cancer have increased
frequency of metastasis and lower resection rates due to late
diagnosis (9, 17, 37). Nevertheless, some other studies have
shown that patients with pancreatic head cancer have a poorer
survival than those with pancreatic body/tail cancer, in that the
tumor recurrence rate after curative resection is lower in
pancreatic body/tail cancer (11, 17, 20). Yet, the exact
mechanism has not been fully elucidated. Thus, the
mechanism leading to the difference in prognosis between
them needs to be further explored.

Firstly, our study based on 90 PDAC cases from our
institution and 166 PDAC cases from the TCGA cohort
indicated that the prognosis and the ORR for first-line
treatment of patients with pancreatic body/tail cancer is
superior to those with pancreatic head cancer. First-line
treatment is a known prognostic factor for pancreatic cancer
(38, 39). Moreover, our results demonstrated that the primary
tumor site of PDAC was an independent risk factor for OS. Then,
our research further confirmed with patients from the PDAC-
TCGA cohort and tried to investigate the underlying biological
activity of two subtypes. Consistently, our ssGSEA findings
demonstrated that IL-6/JAK/STAT3 signaling was markedly
enriched in pancreatic head tumors. We observed that
accumulative evidence has demonstrated that the IL-6/JAK/
STAT3 pathway is aberrantly hyperactivated in many types of
cancer and such hyperactivation is generally associated with a
poor clinical prognosis (40-42). In the TME, the IL-6/JAK/
STAT3 pathway can have a profound effect on immune cell
infiltration, exerting negative regulatory effects on neutrophils,
natural killer (NK) cells, T cells, and dendritic cells (DCs), but
positively regulating regulatory T (Treg) cells and myeloid-
derived suppressor cell (MDSC) populations (43, 44). All in all,
these effects contribute to a highly immunosuppressive TME.

Several studies have shown that the prognosis of tumor
patients is closely related to the tumor immune
microenvironment, and most of them have immune escape
and immunosuppression, which is an essential factor in tumor
progression (23, 45). Therefore, we further investigated the
immune landscape in PDAC, and distinct immune
characteristics were indeed observed between the two subtypes.
Of note, we found increased infiltration of many types of
immune cells, including immunosuppressive cells (Tregs,
TAMs, and MDSCs) and anticancer immune response cells
(CD8T cell and NK cell) in pancreatic head tumors. These
lines of evidence indicated that the IL-6/JAK/STAT3 pathway
is hyperactivated in pancreatic head tumors and leads to a
dysregulated TME.

In recent years, despite the considerable amount of work done
to develop gene signatures for its prognosis prediction (46, 47),
quite a few studies have revealed the role of the anatomical site-
related gene signature of certain molecular characteristics and
prognostic factors for unfavorable survival in PDAC.
Considering the unique molecular and clinical characteristics
of pancreatic head tumors, it is essential to tailor specialized
management for these patients. The aim of this study was to
develop an efficient approach of prognosis prediction for
pancreatic head tumors, and ultimately aid physicians in
devising treatment strategies. Here, a univariate LASSO Cox
regression model was used to screen robust prognostic
biomarkers to establish an anatomical site-related gene
signature, and the risk score derived from the anatomical site-
related gene signature is called the SRS in our study; the five most
important SRSs (CHL1A-S2, KRT8P30, AL365184.1,
AC083841.2, and AC112255.1) were finally identified. Some
biomarkers involved in our gene signature have been studied
in many cancers. For instance, CHL1-AS2, one risk biomarker in
our research, was negatively correlated to the ovarian cancer
prognosis, which might be involved in the development of
ovarian endometrium and high expression of IncRNA CHLI-
AS2 upregulated in ovarian ectopic endometrium tissues
(48, 49). In our study, CHL1-AS2 acts as a protective
biomarker and serves as a novel therapeutic target for PDAC.
Unfortunately, other biomarkers are rarely investigated in
tumor progress and immune regulation, and whether the
expression of these biomarkers affects the difference in
immune characteristics of pancreatic head cancer needs further
investigation. Furthermore, the combination of the anatomical
site-related gene signature and clinicopathological features
improves risk stratification and survival prediction, and
the multivariate Cox regression analysis showed that SRS
exhibited a considerable power of risk prediction for OS,
even more significant than age, gender, stage, KRAS mutation,
and TP53 mutation. As expected, multivariate Cox results
jointly suggested that SRS developed specifically for
pancreatic head tumor patients had a significantly better
performance in prognostication compared with other
clinicopathological features.

Subsequently, the prognostic value of this signature was
validated in two independent cohorts: training (n = 62) and
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testing (n = 62) from TCGA. Our signature was proved to be the
independent risk factor of PDAC prognosis, and time-dependent
ROC curves of this signature and clinicopathological factors
showed high AUC (0.735 and 0.595 in the training cohort and
testing cohort, respectively) in predicting PDAC
survival outcomes.

Immune infiltration abundance and the immune evasive
mechanism are also characteristics of immune system
dysregulation and play an important role in PDAC progression
(50, 51). Aiming to interrupt the escape from immune
surveillance, immunotherapeutic agents that target immune
checkpoints including PD-L1/PD-1 and CTLA-4 have exhibited
promising survival benefits in patients with metastatic melanoma,
non-small cell lung cancer, and metastatic renal cancer in recent
years (52-54). However, the potential relationships among
immune infiltration, somatic mutations, and clinical outcomes
in PDAC remain unclear. Therefore, in this study, the landscapes
of immune checkpoints, cytolytic activity signature, IFN-y
signature, and somatic mutations were further investigated
in the two types, and significantly different immune activities
were observed between them, which indicated the differences
in intrinsic tumor immunogenicity, while a higher mutation
frequency of KRAS and TP53 was observed in the SRS-high
group. Here, these results shed some light on the revelation
of the immune and mutational landscape characterizations,
and their relationships in PDAC of different anatomical
sites. Thus, we further speculate that KRAS and TP53
mutations lead to IL-6/JAK/STAT3 pathway hyperactivation
in pancreatic head cancer, and then affect the phenotype of
the immune microenvironment in pancreatic head cancer,
implying that this anatomical site-related signature is a
promising and potent predictor of immunotherapy response
in PDAC.

However, some limitations to our study should be
acknowledged. First, this is a retrospective study; thus, the
prognostic robustness and clinical usefulness of the anatomical
site-related gene signature need further validation in larger
prospective trials. Second, the TCGA cohort only contains few
patients with higher tumor grades (G3 and G4) and pathologic
stages (III and IV), which causes the failure in predicting PDAC
prognosis in those subgroups. Thus, data from multicentric
cohorts with comprehensive clinical information are needed to
confirm our findings. Overall, we developed a robust gene
signature that could predict the prognosis of PDAC. Moreover,
a nomogram developed based on the signature with a strong
capacity of predicting PDAC outcomes deserves promotion in
clinical practice. The anatomical site-based model could be a
useful tool to select SRS-low patients who may benefit from
immunotherapy and SRS-high patients who may benefit from
adjuvant therapies, and thus to facilitate personalized
management of PDAC.
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