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Background: Pancreatic cancer (PCA) is a highly malignant tumor with a 5-year survival rate of <10%. It is characterized as a cold
tumor with an immunosuppressive microenvironment. Liver dysfunction due to biliary obstruction can affect the inflammation index,
an indicator of immune status. Adjusting inflammation indices for liver function may enhance their clinical utility for predicting
overall survival (OS) in PCA patients.

Methods: Resected PCA cases were selected using specific criteria. Liver function indicators identified by Spearman’s analysis were
integrated into a covariance analysis to refine inflammation indices, including modified neutrophil-to-lymphocyte ratio (mNLR),
modified platelet-to-lymphocyte ratio (mPLR), modified lymphocyte-to-monocyte ratio (mLMR), modified systemic immune-
inflammation index (mSII), and modified C-reactive protein (mCRP). These modified indices and clinicopathological factors were
analyzed to identify independent OS predictors. A nomogram was developed and compared with a primary inflammation-based model
using calibration curves, decision curve analysis (DCA), and the concordance index (C-index).

Results: Liver function indicators including direct bilirubin (DBIL), indirect bilirubin (IBIL), alanine aminotransferase (ALT), and
aspartate aminotransferase (AST), lactate dehydrogenase (LDH), gamma-glutamyl transferase (GGT), alkaline phosphatase (ALP), and
albumin (ALB) were integrated to refine inflammation indices. In PCA patients, higher mNLR, mSII, CA19-9, T stage, and N stage were
associated with worse OS, while higher mLMR or PNI levels correlated with better OS. Vascular invasion predicted poor OS, whereas
chemotherapy improved OS. The nomogram model’s clinical utility surpassed that of the primary inflammation-based model.
Conclusion: The nomogram incorporating modified inflammation indices demonstrated superior clinical utility. Adjusting inflamma-
tion indices for liver function is recommended for prognostic prediction, especially in PCA patients with biliary obstruction. For
patients with advanced T and N staging or poorly differentiated tumors, intraoperative margin nanoknife ablation and timely
postoperative adjuvant chemotherapy are recommended to enhance prognosis.
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Introduction

PCA is a malignant tumor with a poor prognosis, characterized by an alarmingly low 5-year OS rate of only 7%." Despite its
relatively low incidence, PCA is the fourth leading cause of cancer-related deaths in the United States.” It has been suggested
that PCA will surpass breast and colorectal cancers to become the second-most common cause of cancer - related death by
2030.* Surgical resection remains the cornerstone of curative treatment for PCA; however, even among patients who undergo
successful resection, the 5-year OS rate improves only modestly to 20-30%.* Early recurrence within 12 months of curative
resection is common, occurring in up to 80% of patients, and significantly contributes to the poor prognosis.’
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The TME of PCA is often characterized by an immunosuppressive situation, which facilitates tumor cells’ evasion of
immune surveillance.® Immunosuppressive cells, such as regulatory T cells (Tregs), myeloid-derived suppressor cells
(MDSCs), and tumor-associated macrophages (TAMs), infiltrate the tumor site, secreting immunosuppressive cytokines
like TGF-PB and IL-10. These cytokines inhibit the function of cytotoxic T lymphocytes (CTLs) and natural killer (NK)
cells, thereby dampening the antitumor immune response.”® The neutrophil-to-lymphocyte ratio (NLR) is a systemic
inflammatory marker that reflects the balance between pro-inflammatory neutrophils and anti-inflammatory
lymphocytes.” In the presence of an immunosuppressive microenvironment, the recruitment and activation of neutrophils
are often enhanced, while lymphocyte function is suppressed.'®'" This shift leads to an elevated NLR, which has been
associated with poor prognosis in various cancers, including PCA.'? The immunosuppressive microenvironment can also
drive the expression of genes associated with a high NLR, further exacerbating the inflammatory state.'> Moreover, the
immunosuppressive microenvironment can influence other inflammatory markers such as the platelet-to-lymphocyte ratio
(PLR) and the systemic immune inflammation index (SII).'"" These markers are similarly affected by the presence of
immunosuppressive cells and cytokines, leading to a systemic inflammatory response that correlates with disease
progression and treatment outcomes.'* Recent studies have explored the prognostic value of combining these inflam-
matory markers with clinical and pathological features to develop nomograms for personalized risk stratification in PCA
patients undergoing various treatments.'*'¢

However, in clinical practice, many PCA patients often present with preoperative biliary obstruction, leading to
abnormal liver function.'” This condition can further trigger systemic inflammatory responses, thereby interfering with
the levels of inflammatory markers in laboratory tests.'® As a result, the prognostic value of these inflammatory markers
may be compromised. Therefore, correcting clinical inflammatory markers to eliminate the impact of abnormal liver
function may further enhance their prognostic predictive power in PCA patients.

To address this challenge, we used Spearman’s analysis to identify liver function indicators affecting the inflammation
index, and then introduced them into covariance analysis to obtain the modified inflammation index. The modified
indices, along with tumor-related factors, such as T and N stages, were incorporated into the Cox analysis to identify
independent risk factors associated with OS. Based on these independent risk factors, we developed a nomogram model.
The modified model exhibited superior OS prediction capability compared to traditional models. This nomogram model
can assist clinicians in preliminarily estimating the postoperative OS of PCA patients, especially for cases with
preoperative obstructive jaundice. However, gene markers related to PCA are not included in this model. Future studies
could integrate genetic and molecular markers, such as KRAS and TP53 mutations, holds promise for refining survival
predictions in PCA patients.

Materials and Methods
Patient Enrollment, Grouping, and Ethical Considerations

We retrospectively collected data from patients who underwent radical resection for PCA between January 2008 and
December 2019 from our medical records (Figure 1). To ensure the validity of the subsequent statistical analysis, we will
adjust the total sample size of the study based on the 10 EPV principle.'®° Prior to surgery, a mandatory departmental
discussion was conducted to meticulously identify and minimize potential surgical risks. For cases with ambiguous
clinical diagnoses, the definitive treatment plan was typically formulated through a multidisciplinary team (MDT)
approach, with computed tomography (CT), magnetic resonance imaging (MRI), and pathological reports serving as
the primary references for MDT deliberations. Notably, the radical surgeries were performed by three senior chief
physicians, with participation from attending physicians and residents. The specific surgical approaches, including open
surgery, laparoscopic-assisted, and robotic-assisted procedures, were determined based on the tumor stage and the
patient’s physical condition and were implemented only with the patient’s full consent.

In this study, we obtained informed consent from all participants for the use of their medical records. All procedures
involving human participants were conducted in strict accordance with the Helsinki Declaration. Additionally, the study
was granted approval by the hospital’s ethics committee for the retrospective analysis that was performed.
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Inclusion and Exclusion Criteria

Patients were included in the study if they met the following criteria: (1) pathological diagnosis of PCA and (2)
availability of complete medical records. Conversely, exclusion criteria included: (1) presence of a second primary
tumor prior to surgery, (2) receipt of neoadjuvant chemotherapy, (3) lack of RO resection (defined as a margin of
1.5-2 mm in a previous study), (4) loss to follow-up, and (5) fewer than 15 lymph nodes dissected.”' ** Following the
application of these criteria, patients were assigned to training and validation cohorts using the leave-one-out cross-
validation (LOOCV) method. Specifically, the screening protocol allocated one case to the validation cohort in each
iteration, with the remaining cases forming the training set. The predictive accuracy of the model was then evaluated and
recorded using analytical tools. This iterative process continued until all subjects had been assessed in the validation set.
Optimal grouping strategies were subsequently determined based on the mean accuracy of the outcomes?.

Acquisition of Modified-Inflammation Indexes

In the present study, we comprehensively evaluated a panel of inflammation indexes, including the NLR, PLR, SII, LMR, CRP. To
investigate the potential associations between hepatic function indicators and these inflammation indexes, Spearman correlation
analysis was conducted. Specifically, the hepatic function indicators examined encompassed DBIL, IBIL, AST, ALT, ALP, GGT,
ALB. Subsequently, hepatic function indicators that exhibited significant positive correlations with the inflammation indexes were
further incorporated into an analysis of covariance (ANCOVA) to adjust and refine the inflammation indexes.

Collection of Clinicopathological Characteristics

In this study, the selection of clinicopathological factors was guided by a previous study focusing on prognostic analyses.
Specifically, the pathological factors examined included tumor size, tumor differentiation, lymph node metastasis, venous
invasion, and lymphatic invasion. Additionally, clinical factors such as chemotherapy, carbohydrate antigen 19-9 (CA19-9),
carcinoembryonic antigen (CEA), carbohydrate antigen 125 (CA125), and diabetes were incorporated into the analysis.

It is important to note that the chemotherapy regimens used in this study were administered in accordance with the
recommendations from the NCCN guidelines for PCA patients (2021 Ver. 2.0). Prior to initiating chemotherapy, patients’
preferences and Eastern Cooperative Oncology Group Performance Status (ECOG PS) were considered. For patients
with good physical condition (ECOG PS 0-1), FOLFIRINOX (oxaliplatin, irinotecan, calcium folinate, fluorouracil), AG
(nab-paclitaxel, gemcitabine), GS (gemcitabine, tegafur) or monotherapy with tegafur were preferred. In contrast, for
patients with poor overall physical condition (ECOG PS 2-5), gemcitabine or tegafur was recommended.

Follow-up

Follow-up commenced within the first month following discharge. Patients were scheduled for tri-monthly outpatient
reviews to monitor their postoperative recovery and disease status. During each review, routine assessments included
postoperative abdominal and chest CT scans, as well as serum evaluations of CA19-9, CA125, and CEA. For patients
with limitations in accessing outpatient services, telephonic follow-ups were employed as an alternative method to ensure
continuous monitoring and support. The follow-up period extended from the time of study enrollment until the
occurrence of loss to follow-up, mortality, or the final patient contact.

Statistical Analysis

The characteristics of the training and validation groups were compared using the chi-square test. Multivariate Cox regression
analysis was employed to identify independent prognostic factors for OS. The relationship between these independent risk
factors and OS was further explored using Kaplan-Meier methods. Specifically, the Log rank test was used when survival
curves did not intersect, whereas landmark analysis was applied in cases where survival curves intersected. The predictive
accuracy of the nomogram based on the modified inflammation indexes was assessed by comparing it with the nomogram
based on the primary inflammation indexes using C-indexes, calibration plots, and DCA. A two-tailed p-value of less than 0.05
was considered statistically significant. All statistical analyses were performed using SPSS software version 22 and R software
version 4.2.2 (R Development Core Team; http://www.r-project.org).
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Nomogram Construction and Validation

The nomogram is constructed using R packages such as rms, survival, regplot, nomogramFormula, and SvyNomv. To
evaluate its validity, we employed the C - index, calibration curves, and decision curve analysis (DCA). The C - index,
ranging from 0.5 to 1, assesses the model’s ability to rank individuals by their event risk, with higher values indicating
better performance. Calibration curves show the match between predicted probabilities and observed outcomes, with
deviations from the ideal line suggesting miscalibration. Decision curve analysis evaluates the model’s clinical utility by
plotting net benefit against threshold probability, with a higher area under the curve (AUC) indicating better utility.

Results

Patient’s Enrollment and Grouping

A total of 394 PCA patients underwent radical surgery from January 2008 to December 2019, with 358 cases meeting the
inclusion criteria. 56 cases were excluded per the exclusion criteria: pre-surgical second tumors (15 cases), neo-adjuvant
chemotherapy (10 cases), no RO resection (2 cases), lost to follow-up (20 cases), and fewer than 15 dissected lymph
nodes (9 cases). Ultimately, 302 PCA patients were included in the study. The patients were then split into a training
cohort (211 cases) and a validation cohort (91 cases) via LOOCYV (Figure 1). For the entire cohort, median OS was 28.7
months, with a five-year survival rate of 37.2%. The raw data of the patients enrolled in this study can be found in
supplementary Table 1: Training and validation cohort.

Modified Inflammation Indexes and Clinicopathological Factors

As presented in Table 1, a comprehensive analysis of hepatic function indicators revealed significant correlations with
inflammation indexes. The ANCOVA was conducted to modify inflammation indexes, the Quantile-Quantile plot (QQ
plot) and residual plot were used to detect the efficacy and statistical validity of the corrected model. The strong
calibration ability of the ANCOVA model was evidenced by the high concordance of the QQ plot as well as the p-value
derived from the residual plot for CRP (Figure 2A), LMR (Figure 2B), NLR (Figure 2C), PLR (Figure 2D), SII

Table | Correlation Analysis Between Inflammatory and Biochemical
Indicators

NLR PLR LMR Sl CRP

DBIL | Spearman Rho 0.251 0.269 | —0.375 0.805 0.402
p-value | <0.001 | <0.001 | <0.001 | <0.001 | <0.00l

IBIL Spearman Rho 0.201 0316 | —0.227 0.406 0.214
p-value | <0.00l | <0.00l | <0.001 | <0.001 | <0.00l

AST Spearman Rho 0.213 0.237 | —0.355 0.742 0.379
p-value | <0.00l | <0.00l | <0.001 | <0.001 | <0.00I

ALT Spearman Rho 0.170 0.202 { —0.313 0.732 0.332
p-value 0.003 | <0.001 | <0.001 | <0.001 | <0.00l

ALP Spearman Rho 0.194 0.163 | —0.318 0.888 0.392
p-value 0.001 0.005 | <0.001 | <0.001 | <0.001

WBC | Spearman Rho 0.421 0.133 | —0.296 0.168 0.397
p-value | <0.001 0.020 | <0.001 | <0.001 | <0.001

GGT | Spearman Rho 0.165 0.169 | —0.266 0.772 0.356
p-value 0.004 0.003 | <0.001 | <0.00!1 | <0.00I

(Continued)
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Table 1 (Continued).

NLR PLR LMR Sl CRP

LDH | Spearman Rho 0.143 0.068 | —0.147 0.313 0.239
p-value | 0013 0.239 0.010 | <0.001 | <0.001

ALB Spearman Rho | —0.215 | —0.134 0.320 | —0.421 | —0.402
p-value | <0.001 0.020 | <0.001 | <0.001 | <0.001

(Figure 2E), indicating a robust adjustment for confounding factors. Furthermore, the receiver operating characteristic
(ROC) were made for evaluating the performance of binary classification models. The results shown that the ROC model
based on the mCRP own the stronger discrimination ability when compared with the model based on the CRP (Figure 3A
and 3B), the same results were estimated in the group of mLMR VS LMR (Figure 3C and D), mNLR VS NLR (Figure 3E
and F), mPLR VS PLR (Figure 3G and 3H), mSII VS SII (Figure 31 and J). Meanwhile, the ROC of PNI was also
conducted for the subsequently binary classification (Figure 3K). Based on the results summarized in the baseline table
(Table 2), significant differences were observed between the training and validation cohorts for several indicators,
including mNLR, mLMR, mSII, and CA19-9.

Prognostic Factors for OS in PCA Patients
In the present study, a total of 20 indicators, encompassing both inflammation-related and clinicopathological factors,
were initially subjected to univariate Cox regression analysis (Table 3). Of these, 12 factors were identified as
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Figure 2 ANCOVA for inflammation indexes. (A) QQ plot and residual plot for CRP, (B) QQ plot and residual plot for LMR, (C) QQ plot and residual plot for NLR, (D)
QQ plot and residual plot for PLR, (E) QQ plot and residual plot for SII.
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Figure 3 ROC for modified and primary inflammation indexes. (A) ROC for CRP, (B) ROC for mCRP, (C) ROC for LMR, (D) ROC for mLMR, (E) ROC for NLR, (F) ROC
for mNLR, (G) ROC for PLR, (H) ROC for mPLR, (I) ROC for SlI, (J) ROC for mSll, (K) ROC for PNI.

significantly associated with OS and were subsequently included in the multivariate Cox regression analysis. Ultimately,
tumor differentiation, venous invasion, CA19-9, mNLR, mLMR, mSII, chemotherapy, and PNI were determined to be
independent risk factors for OS in patients with pancreatic cancer (PCA) following surgical resection (Table 4).

Survival Analysis for Independent Prognostic Factors

The independent risk factors identified through multivariate Cox regression analysis were incorporated into the survival
analysis. The results demonstrated that PCA patients with higher grade of the T stage (Figure 4A), N stage (Figure 4B),
CA19-9 (Figure 4E), mNLR (Figure 4H), and mSII (Figure 4I) exhibited significantly poorer OS compared to those with
lower values. Conversely, patients with higher values of the mLMR (Figure 4G) and PNI (Figure 4J) had significantly
better OS compared to those with lower values. The presence of vascular invasion was associated with a shorter OS
(Figure 4D). PCA patients who received adjuvant chemotherapy had improved OS compared to those who did not
receive treatment (Figure 4F). Well-differentiated tumors were associated with better OS compared to poorly differ-

entiated tumors.

Construction of Nomogram Model

A nomogram for predicting OS in resected PCA patients was constructed based on the independent risk factors identified
through multivariate Cox regression analysis (Figure 5). As illustrated in Figure, the T stage was the most influential
factor affecting OS in PCA patients, followed by chemotherapy, N stage, mSII, venous invasion, CA19-9, mNLR,
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Figure 4 Survival analysis between independent risk factors and OS. (A) Survival analysis for T stage, (B) Survival analysis for N stage, (C) Survival analysis for
differentiation, (D) Survival analysis for venous invasion, (E) Survival analysis for CA19-9, (F) Survival analysis for chemotherapy, (G) Survival analysis for mLMR, (H)
Survival analysis for mNLR, () Survival analysis for mSll, (J) Survival analysis for PNI.

mLMR, and PNI. Additionally, this nomogram model can be utilized to predict survival rates at 1, 3, and 5 years
following radical resection.

Comparison of Predictive Abilities Between the Modified and Primary Nomograms

The results of calibration curves demonstrated that the predicted survival rates at 1, 3, and 5 years generated by the
nomogram model closely approximated the actual survival in the training cohort (Figure 6A—C). These findings were
consistently replicated in the validation cohort (Figure 6D-F). Moreover, DCA indicated that the nomogram incorporat-
ing modified inflammatory indices exhibited a higher clinical benefit compared to the primary model (Figure 6G). This
superiority was further confirmed in the DCA of the validation cohort (Figure 6H). Additionally, the modified nomogram
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Table 2 Baseline of 302 Resected PCA Patients

Characteristic Overall, N = 302 | Training, N =211 | Validation, N =91 | p-value

Gender 0.8
Female 186 (62%) 131 (62%) 55 (60%)
Male 116 (38%) 80 (38%) 36 (40%)

Age 0.5
<60 164 (54%) 117 (55%) 47 (52%)
260 138 (46%) 94 (45%) 44 (48%)

Site 0.048
Head 153 (51%) 99 (47%) 54 (59%)
Body and Tail 149 (49%) 112 (53%) 37 (41%)

T stage 0.2
TI 31 (10%) 21 (10.0%) 10 (11%)
T2 142 (47%) 104 (49%) 38 (42%)
T3 129 (43%) 86 (41%) 43 (47%)

N stage 0.7
NO 166 (55%) 115 (55%) 51 (56%)
NI 85 (28%) 58 (27%) 27 (30%)
N2 51 (17%) 38 (18%) 13 (14%)

Differentiation 0.3
Well-Moderate 171 (57%) 124 (59%) 47 (52%)
Poor 131 (43%) 87 (41%) 44 (48%)

Vascular invasion 0.8
Absence 66 (22%) 47 (22%) 19 (21%)
Presence 236 (78%) 164 (78%) 72 (79%)

Lymphatic invasion >0.9
Absence 182 (60%) 127 (60%) 55 (60%)
Presence 120 (40%) 84 (40%) 36 (40%)

Neurological invasion 0.3
Absence 22 (7.3%) 13 (6.2%) 9 (9.9%)
Presence 280 (93%) 198 (94%) 82 (90%)

CRP 0.2
<2232 79 (26%) 60 (28%) 19 (21%)
22232 223 (74%) I51 (72%) 72 (79%)

mCRP >0.9
<3436 126 (42%) 88 (42%) 38 (42%)
23436 176 (58%) 123 (58%) 53 (58%)

NLR 0.003
<3.103 165 (55%) 127 (60%) 38 (42%)
23.10 137 (45%) 84 (40%) 53 (58%)

mNLR 0.02
<3.35 155 (51%) 99 (47%) 56 (62%)
23.35 147 (49%) 112 (53%) 35 (38%)

PLR >0.9
<185.61 243 (80%) 170 (81%) 73 (80%)
=|85.61 59 (20%) 41 (19%) 18 (20%)

mPLR 0.3
<148.69 158 (52%) 106 (50%) 52 (57%)
>148.69 144 (48%) 105 (50%) 39 (43%)

LMR 0.037
<4.69 205 (68%) 151 (72%) 54 (59%)
24.69 97 (32%) 60 (28%) 37 (41%)

(Continued)
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Table 2 (Continued).

Characteristic Overall, N = 302 | Training, N = 211 | Validation, N = 91 | p-value

mLMR 0.008
<427 185 (61%) 119 (56%) 66 (73%)
2427 117 (39%) 92 (44%) 25 (27%)

Sl <0.001
<1633.11 203 (67%) 165 (78%) 38 (42%)
=1633.11 99 (33%) 46 (22%) 53 (58%)

mSlI <0.001
<957.94 145 (48%) 76 (36%) 69 (76%)
2957.94 157 (52%) 135 (64%) 22 (24%)

PNI 0.2
<411.01 144 (48%) 96 (45%) 48 (53%)
2411.01 158 (52%) 115 (55%) 43 (47%)

CAI9-9 0.037
<35 U/mL 66 (22%) 53 (25%) 13 (14%)
235 U/mL 236 (78%) 158 (75%) 78 (86%)

CEA 0.072
<5 ng/mL 189 (63%) 139 (66%) 50 (55%)
25 ng/mL 113 (37%) 72 (34%) 41 (45%)

CAI25 0.7
<35 U/mL 194 (64%) 137 (65%) 57 (63%)
235 U/mL 108 (36%) 74 (35%) 34 (37%)

Diabetes 0.4
Absence 231 (76%) 164 (78%) 67 (74%)
Presence 71 (24%) 47 (22%) 24 (26%)

Chemotherapy 0.15
Absence 137 (45%) 90 (43%) 47 (52%)
Presence 165 (55%) 121 (57%) 44 (48%)

Table 3 Univariate Cox Analysis of Inflammatory and Clinicopathological Factors

Characteristics HR | CI p-value | Characteristics | HR | CI p-value

Gender mNLR

Female <3.353

Male 08 | 0.56-1.14 0.217 23.353 2.15 | 1.5-3.08 <0.001

Age mPLR

<60 <148.692

260 1.22 | 0.87-1.71 0.259 2148.692 1.79 | 1.27-2.53 0.001

Site mLMR

Head <4274

Body and Tail 0.99 | 0.7-1.39 0.935 24274 0.29 | 0.19-0.43 | <0.001

Differentiation mSl|

Well-Moderate <957.946

Poor 1.58 | 1.12-2.22 0.009 2957.946 3.61 | 2.34-5.56 | <0.001

Neurological invasion mCRP

Absence <34.36

Presence 0.93 | 0.45-1.89 0.833 234.36 292 | 1.9843 <0.001

Vascular invasion PNI

Absence <411.01

Presence 1.75 | 1.11-2.77 0.017 2411.01 0.5 0.35-0.7 <0.001
(Continued)
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Table 3 (Continued).

Characteristics HR | CI p-value | Characteristics | HR | CI p-value
Lymphatic invasion CAI9-9
Absence <35 U/mL
Presence 1.31 | 0.93-1.84 0.124 235 U/mL 229 | 1.45-3.63 | <0.001
T stage CEA
Tl <5 ng/mL
T2 1.77 | 0.88-3.55 0.111 25 ng/mL 0.77 | 0.53-1.12 0.17
T3 2.71 | 1.35-5.46 0.005 | CAI25
N stage <35 U/mL
NO 235 U/mL 1.4 | 0.99-1.98 0.059
NI 1.66 | 1.11-2.47 0.013 | Chemotherapy
N2 2.6 1.69—4 <0.001 Absence
Diabetes Presence 0.59 | 0.42-0.82 0.002
Absence
Presence 0.84 | 0.55-1.29 0416

Note: Bold font indicates a p-value < 0.05.

Table 4 Multivariate Cox Analysis of Inflammatory and Clinicopathological Factors

Characteristics | HR | CI p-value | Characteristics | HR | CI p-value
Differentiation mLMR
Well-Moderate <4.274
Poor 1.5 1.05-2.14 0.0268 24274 0.61 | 0.39-0.97 0.0371
Vascular invasion mSll
Absence <957.946
Presence 1.73 | 1.03-2.91 0.0391 2957.946 1.98 | 1.04-3.79 0.0385
T stage mCRP
Tl <34.36
T2 1.69 | 0.83-3.46 0.1473 23436 1.06 | 0.59-1.9 0.8485
T3 287 | 1.4-5.88 0.0039 | PNI
N stage <411.01
NO 2411.01 0.67 | 0.44-1 0.0493
NI I.14 | 0.74-1.76 0.543 | CAI9-9
N2 2.08 | 1.29-3.35 0.0026 <35 U/mL
mNLR 235 U/mL 1.74 | 1.05-2.88 0.0315
<3.353 Chemotherapy
23.353 1.6 1.05-2.45 0.0294 Absence
mPLR Presence 0.45 | 0.31-0.66 <0.001
<148.692
>148.692 1.03 | 0.67-1.58 0.8985

Note: Bold font indicates a p-value < 0.05.

demonstrated a significantly higher C-index compared to the primary model, a finding that was also consistently observed
in the validation cohort (Figure 61).

Discussion

PCA is currently the fourth leading cause of cancer-related mortality and is projected to become the second most
common cause of cancer death by 2030.% Although surgical resection remains the only potentially curative treatment,
only 19-22% of patients achieve 5-year survival, primarily due to local or distant recurrence.”* To date, various
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Figure 5 Nomogram based on the modified inflammation indexes.

prognostic factors for overall survival in resected PCA patients have been identified, including lymph node involvement,
lymphatic vascular and perineural invasion, tumor grade, portal vein and mesenteric artery involvement, positive
resection margins, and inflammation-based biomarkers.*>*®

PCA is characterized as an immune-cold tumor, with a TME predominantly infiltrated by immunosuppressive cells.*’
Inflammation-based biomarkers reflect the systemic immune status and are closely associated with the immune cell
composition within the TME.?® In detail, neutrophils, platelets, lymphocytes, and monocytes are key regulators of tumor
growth and recurrence.”’ Neutrophils can transition from an anti-tumor phenotype to a pro-tumorigenic state, thereby
promoting inflammation and immunosuppression.*® Platelets support tumor proliferation and metastasis by protecting
cancer cells and facilitating angiogenesis.®! Lymphocytes, particularly tumor-infiltrating lymphocytes, are essential for
anti-tumor immunity, with higher counts often correlating with better prognosis.*> Monocytes contribute to the tumor
microenvironment by differentiating into tumor-associated macrophages, which secrete pro-inflammatory cytokines and
support tumor growth.>*** Consequently, elevated NLR and PLR values are typically associated with poorer clinical

outcomes, as they suggest a weakened immune response and increased tumor burden.
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Figure 6 Comparison between the modified and primary nomogram. (A) Calibration plot for |-year OS in training cohort, (B) Calibration plot for 3-year OS in training
cohort, (C) Calibration plot for 5-year OS in training cohort, (D) Calibration plot for |-year OS in validation cohort, (E) Calibration plot for 3-year OS in validation cohort,
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comparison between the modified nomogram and primary nomogram in validation cohort, (I) Comparison of C-index between the modified nomogram and primary
nomogram in the training and validation cohort respectively.

In the present study, we employed covariance analysis to adjust for the influence of abnormal liver function on
inflammation-based biomarkers mentioned above, and we observed that higher values of the mNLR and mSII predicted
poorer OS in PAC patients compared to those with lower values. Conversely, higher mLMR values were associated with better
OS compared to those with lower values. Moreover, the nomogram constructed based on the modified inflammatory indices
demonstrated superior predictive ability for OS compared to the primary model. Based on the results of this study, the use of
adjusted inflammatory indices can better predict the prognosis of pancreatic cancer, particularly in cases with preoperative
obstructive jaundice. Additionally, these markers reflect the systemic inflammatory status and immune response, helping to
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identify patients who may benefit most from immunotherapy.?' Therefore, for those PCA patients with high mSII, mNLR and
low mLMR, using immunomodulators and immune checkpoint inhibitors may be more effective.> >’

The T stage, which denotes tumor dimensions as determined by pathologists, serves as a critical indicator of tumor
burden in pancreatic cancer.’® Variations in tumor size are attributed to differences in genetic mutations, tumor
microenvironment, and the presence of growth factors.* For instance, mutations in the KRAS oncogene, which are
highly prevalent in pancreatic cancer, can drive rapid tumor growth by promoting cell proliferation and survival.*’
A higher T stage often correlates with an increased likelihood of drug-resistant clones within the tumor, thereby
contributing to poorer OS.*! In the present study, we also identified that a higher T stage predicted a shorter OS in
pancreatic cancer patients. To address this challenge, additional therapies such as intraoperative radiotherapy or targeted
interventions like nano knife ablation, focusing on resection margins should be recommended for reducing local
recurrence rates and improve prognosis in patients with large tumor volumes. Furthermore, neoadjuvant chemotherapy
is increasingly recommended for patients with higher T stages to diminish tumor size and invasion, facilitate radical
resection, and minimize residual disease, thereby potentially prolonging postoperative survival.

Epithelial-mesenchymal transition (EMT) is a critical process in pancreatic cancer, endowing tumor cells with
enhanced migratory and invasive capabilities, thereby facilitating their entry into the lymphatic system.** Upon reaching
the lymph nodes, these tumor cells interact with the local microenvironment, including immune cells and stromal cells,
ultimately establishing secondary tumors.** Numerous studies have established the tumor N stage as a robust predictor of
tumor progression in PCA.** The Japanese Pancreatic Society has further emphasized that metastasis to specific lymph
node regions, such as N9 and N16, is closely associated with tumor relapse and distant metastasis.*>**® Consistent with
these findings, our study demonstrated that a higher N stage is significantly correlated with diminished OS in PCA
patients. Given this correlation, PCA patients with a higher N stage may derive substantial benefits from adjuvant
chemotherapy, which has the potential to improve OS outcomes.*”*®

Tumor cell invasion into the venous system facilitates hematogenous dissemination, thereby increasing the likelihood
of distant metastases, particularly to the liver.*>> Once tumor cells enter the circulation as circulating tumor cells
(CTCs) or via extracellular vesicle (EV), they can colonize distant organs, thus perpetuating the metastatic cascade.’'*>
The presence of venous invasion typically indicates a more advanced stage of disease, often precluding complete surgical
resection and significantly increasing the risk of recurrence.’® This underscores the importance of venous invasion as
a critical consideration for postoperative management. In our study, we observed a significant correlation between venous
invasion and poor OS in PCA patients. Given the heightened risk of recurrence and metastasis associated with vascular
invasion, we recommend that PCA patients with venous invasion promptly initiate adjuvant chemotherapy following
surgical resection to optimize therapeutic outcomes in this high-risk cohort.

Poorly differentiated tumors are more aggressive, metastasize more readily, and are associated with worse survival
outcomes.” Recent studies have highlighted the roles of transcription factors (TFs) and epigenetic regulators in driving
differentiation status and aggressiveness. For example, FOXA1 reprograms enhancer landscapes to promote metastasis
by activating foregut developmental genes, while EVI1 activates superenhancers to upregulate tumorigenic and meta-
static genes.>* Consistent with these findings, our study observed that PCA patients with poorly differentiated tumors had
worse OS compared to those with well or moderately differentiated tumors. Therefore, for patients with poorly
differentiated tumors, genetic testing to identify molecular targets, combined with targeted therapy and systemic
chemotherapy, may improve prognosis.

CA19-9 is expressed on the surface of tumor cells and can interact with immune cells, contributing to immune evasion and
tumor progression.>>® Single-cell sequencing studies have revealed that CA199 expression is associated with specific tumor
cell subpopulations and immune microenvironmental changes, including the presence of pro-tumorigenic macrophages and
upregulation of IL-6 signaling pathways.>” In clinical practice, CA19-9 is not only a diagnostic marker but also a valuable tool
for monitoring treatment response and predicting outcomes in pancreatic cancer. Our study also demonstrated that higher
levels of CA199 were significantly associated with shorter OS in pancreatic cancer patients. Elevated preoperative CA19-9
levels, particularly when combined with a large primary tumor or positive lymph nodes on CT imaging, may indicate
advanced disease and poor prognosis. For such patients, neoadjuvant chemotherapy followed by radical surgery is recom-
mended. This approach can downstage the tumor, improve resectability, and potentially enhance long-term survival outcomes.
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Adjuvant chemotherapy is pivotal in preventing recurrence and improving prognosis in pancreatic cancer by targeting
residual micrometastases and enhancing OS.”®*>’ Adjuvant chemotherapy directly targeting circulating tumor cells and
micrometastases that may be undetectable at the time of surgery.®” By eliminating these residual cancer cells, adjuvant
chemotherapy reduces the risk of local and distant recurrence, thereby prolonging disease-free survival (DFS) and OS.
Moreover, adjuvant chemotherapy modulates the tumor microenvironment by reducing the density of cancer-associated
fibroblasts (CAFs) and enhancing the efficacy of subsequent therapies.®’ This approach also enhances immune surveillance
and supporting the body’s natural defense mechanisms against cancer recurrence.”’ Consistent with these mechanisms, our
study identified adjuvant chemotherapy as a significant protective factor for OS in pancreatic cancer patients.

There are some limitations in the present study. Firstly, selection bias is a significant potential confounder in this
analysis. In detail, patients with PCA and a history of stroke or coronary artery disease were less likely to be readmitted
due to increased surgical risk, as compared to those with better physical conditions. This factor may constrain the
nomogram’s predictive power in PCA patients with poor physical status. Additionally, the investigation was conducted
using a single-center retrospective design, which may limit the generalizability of our findings due to regional variations
in clinical practice. To estimate the predictive capacity of the nomogram developed in this study, a multi-center,
controlled study is needed. Furthermore, the cut-off values mentioned in this article are proposed based on the data
from our center. To further enhance the applicability of the model, it is necessary to conduct further clinical practice to
determine cut-off values that are more clinically practical.

In clinical research, nomograms have become increasingly popular due to their ability to provide clear and
mathematically sound predictive models. They are especially useful for turning complex data into easily understood
info for clinical decisions. By combining various factors like patient details, clinical traits, and imaging, nomograms
create personalized risk assessments or outcome predictions. There is published literature on the use of nomograms for
prognosis prediction in pancreatic cancer patients with obstructive jaundice. However, some literature indicates that when
patients have excessively high bilirubin levels, the accuracy of the prognostic model will significantly decrease. In the
present study, the nomogram model based on the modified inflammation indexes as well as the clinicopathological factors
showed better prediction capacity when compare with primary nomogram model. Therefore, this modified model may
have a better predictive role in the prognosis of pancreatic cancer patients with obstructive jaundice in clinical practice.

In clinical research, nomograms have gained increasing favor due to their capacity to deliver clear and mathematically
reliable predictive models.®? They are particularly adept at transforming complex data into easily digestible information
for clinical decision-making.®® By synthesizing various factors, including patient details, clinical characteristics, and
imaging findings, nomograms generate personalized risk assessments or outcome predictions.®* At present, the applica-
tion of nomograms in PCA patients with obstructive jaundice has been documented in the literature.®> However, some
studies have shown that when bilirubin levels are excessively high, the accuracy of prognostic models, such as those
using CA199 and SII, will significantly decrease.®®® In our current study, the nomogram model, which is based on
modified inflammation indices as well as clinicopathological factors, demonstrated superior predictive ability compared
to the original nomogram model. Hence, this modified model is expected to play a more effective predictive role in the
prognosis of PCA patients with obstructive jaundice in clinical practice.

There are certain limitations in this study. First, selection bias is a notable potential source of confusion in this
analysis. Specifically, patients with PCA and a history of coronary artery disease were less likely to be readmitted
compared to those in better physical condition due to increased surgical risks. This factor may limit the predictive power
of the nomogram for PCA patients with poor physical status. In addition, the study was conducted using a single-center
retrospective design, which may limit the generalizability of our findings due to regional differences in clinical practice.
To assess the predictive ability of the nomogram developed in this study, a multi-center, controlled study is required.
Moreover, the cut-off values discussed in this article are based on data from our center. To further improve the
applicability of the model, it is necessary to carry out further clinical practice to establish cut-off values that are more
clinically practical.
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Conclusion

In PCA patients, high mSII and mNLR are linked to worse OS, while a high mLMR suggests better OS. For those with
high mSII, mNLR and low mLMR, using immunomodulators and immune checkpoint inhibitors may be more effective.
Also, the nomogram with these modified inflammatory markers forecasts OS better than the original one. So, for PCA
patients with obstructive jaundice, this modified model may better predict prognosis. Furthermore, advanced T and
N stages, high CA19-9 levels, and venous invasion are associated with poor OS. For patients with these bad prognostic
factors, adding chemotherapy or trying IRE margin treatment might help improve OS outcomes.
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