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ABSTRACT

Background. The systemic immune-inflammation index

(SII), calculated using absolute platelet, neutrophil, and

lymphocyte counts, has recently emerged as a predictor of

survival for patients with pancreatic ductal adenocarci-

noma (PDAC) when assessed at diagnosis. Neoadjuvant

therapy (NAT) is increasingly used in the treatment of

PDAC. However, biomarkers of response are lacking. This

study aimed to determine the prognostic significance of SII

before and after NAT and its association with the pancre-

atic tumor biomarker carbohydrate-antigen 19-9 (CA

19-9).

Methods. This study retrospectively analyzed all PDAC

patients treated with NAT before pancreatic resection at a

single institution between 2007 and 2017. Pre- and post-

NAT lab values were collected to calculate SII. Absolute

pre-NAT, post-NAT, and change in SII after NAT were

evaluated for their association with clinical outcomes.

Results. The study analyzed 419 patients and found no

significant correlation between pre-NAT SII and clinical

outcomes. Elevated post-NAT SII was an independent,

negative predictor of overall survival (OS) when assessed

as a continuous variable (hazard ratio [HR], 1.0001; 95%

confidence interval [CI] 1.00003–1.00014; p = 0.006).

Patients with a post-NAT SII greater than 900 had a shorter

median OS (31.9 vs 26.1 months; p = 0.050), and a post-

NAT SII greater than 900 also was an independent negative

predictor of OS (HR, 1.369; 95% CI 1.019–1.838;

p = 0.037). An 80% reduction in SII independently pre-

dicted a CA 19-9 response after NAT (HR, 4.22; 95% CI

1.209–14.750; p = 0.024).

Conclusion. Post-treatment SII may be a useful prognostic

marker in PDAC patients receiving NAT.

Pancreatic ductal adenocarcinoma (PDAC) is a devas-

tating disease and the third leading cause of cancer-related

death in the United States.1,2 By 2030, PDAC-related

mortality is projected to be the second leading cause of

death, and innovations in prevention, screening, and

treatment are required to improve patient outcomes.3 Sur-

gical resection of the tumor with a negative margin (R0) is

a critical factor determining long-term survival.4 Due to the

aggressive nature of the disease and anatomic relationships

of the tumor with major vasculature, more than one third of

patients present with borderline resectable or locally
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advanced disease.5,6 Increasing evidence suggests that

these patients may benefit from receiving neoadjuvant

therapy (NAT).5–9

Given the emerging role of neoadjuvant treatment in

patients with pancreatic cancer, biomarkers of response to

treatment are needed. Unfortunately, cross-sectional

imaging is not a precise indicator of treatment response or

resectability after NAT.6,10–14 Serum carbohydrate antigen

19-9 (CA 19-9) is the most commonly used pancreatic

cancer biomarker in PDAC patients treated with NAT.15,16

However, its prognostic potential is limited given its

restricted sensitivity and specificity.17,18 Additionally,

approximately 5–20% of all PDAC patients found to be

Lewis histo-blood-type-negative are CA 19-9 non-secre-

tors, supporting the need for novel biomarkers.17–20

Inflammatory mediators have demonstrated a substantial

role in the PDAC tumor microenvironment, enhancing

proliferation and growth of malignant cells, supporting an

immunoregulatory adaptive immune response, and reduc-

ing efficacy of chemotherapeutic agents.21,22 First

described in hepatocellular carcinoma, the systemic

immune-inflammation index (SII), calculated with lym-

phocyte, neutrophil, and platelet counts from a complete

blood count and differential, is a readily available test that

serves as an independent predictor of poor disease-free

survival for patients with resectable PDAC.23–25

The influence of NAT on SII and its prognostic potential

have not been explored to date. This study retrospectively

analyzed the prognostic ability of SII before and after NAT

for patients with pancreatic cancer and compared its

association with clinical outcomes and CA 19-9.

METHODS

Patient Selection

This study was approved by the Institutional Review

Board at the University of Pittsburgh (PRO17080318). We

retrospectively evaluated all patients receiving NAT for

PDAC between April 2007 and June 2017 at the University

of Pittsburgh Medical Center (UPMC, Pittsburgh, PA).

Patients were included if they had undergone surgical

resection with curative intent and had pathologic confir-

mation of PDAC. Patients who died within 90 days after

surgery due to postoperative complications also were

excluded.

Data Collection and Analysis

Demographics, treatment characteristics, and clinical

variables including laboratory values, tumor stage, T-size,

and CA 19-9 levels were retrospectively retrieved from the

electronic medical record. Pre- and post-NAT (preopera-

tive) laboratory values within 14 days before NAT and

before surgery were analyzed. The clinical outcomes

evaluated included R0 resection rate, CA 19-9 biomarker

response, histopathologic response, and overall and dis-

ease-free survival rates. From the laboratory values, the

absolute platelet (P), neutrophil (N), and lymphocyte

(L) counts were used to calculate the SII (SII = P 9 [N/

L]).23 Patients with normal pre-NAT CA 19-9 values

(\ 37) were excluded for further CA 19-9 response anal-

ysis, defined as a decrease greater than 50% after NAT.15

Statistical Analysis

Continuous data are reported as mean ± standard

deviation or median (interquartile range [IQR]). Categori-

cal variables are reported as frequency (n) and percentage

(%). For continuous variables, comparisons were made

using Student’s t test when they were normally distributed,

and using Wilcoxon rank-sum test when distributed

otherwise. For categorical variables, comparisons were

made using Chi square or Fisher’s exact test. Uni- and

multivariate logistic regression analyses were performed to

identify factors predictive of survival and neoadjuvant

chemotherapy response. Kaplan–Meier was used to esti-

mate median disease-free survival (DFS) and overall

survival (OS). Survival was determined to be the time

between operative resection and disease recurrence, death,

or last follow-up evaluation. Follow-up evaluation was

terminated January 1, 2019.

The critical cutoff value of SII was determined with the

Harrell’s D and Somers’ D statistical tests. Statistical sig-

nificance for survival was determined using the log-rank

test. Cox proportional hazards models were used to identify

predictors of survival after adjustment for disease stage,

margin, administration of adjuvant chemotherapy, and

other covariates. The backward stepwise elimination

method was used in building all multivariate models. All

tests used in the analysis were two-sided, with an alpha of

0.05 indicating statistical significance. Statistical analysis

was performed with Stata 13.1 (Stata Corp LP, College

Station, TX, USA).

RESULTS

Demographic and Clinicopathologic Characteristics

As shown in Table 1, 419 patients (210 women, 50%)

with a median age of 65.17 years were identified for

analysis. A majority of the patients (77%, n = 324)

underwent a pancreaticoduodenectomy for resection. A

variety of a neoadjuvant chemotherapy regimens were
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TABLE 1 Patient demographic and clinicopathologic characteristics

Variable Total cohort

(n = 419)

n (%)

Post-treatment

SII B 900

(n = 286)

n (%)

Post-treatment

SII[ 900

(n = 133)

n (%)

p value

Mean age (years) 65.17 ± 9.7 64.57 ± 9.7 66.44 ± 9.58 0.066

Sex (F) 210 (50.2) 139 (48.6) 71 (53.4) 0.362

Mean BMI 26.91 ± 5.42 27.48 ± 5.33 25.69 ± 5.43 0.002

Mean age-adjusted CCI 4.69 ± 1.55 4.62 ± 1.54 4.86 ± 1.55 0.137

Mean preop albumin (g/dL) 3.59 ± 0.48 3.63 ± 0.48 3.50 ± 0.47 0.013

Mean T size (cm) 2.98 ± 0.89 2.99 ± 0.88 2.96 ± 0.91 0.708

Median pre-NAT SII (IQR) 563 (367–988) 500 (341–825) 809 (466–1359) \ 0.0001

Median post-NAT SII (IQR) 582 (275–1140) 361 (211–589) 1770 (1164–2640) \ 0.0001

Median SII % change (IQR) - 0.11 (- 0.53 to 0.80) - 0.35 (- 0.66 to 0.1) 1.24 (0.13 to 3.14) \ 0.0001

Node? 198 (49.8) 134 (49.6) 64 (50) 0.945

Margin (negative) 342 (81.6) 230 (80.4) 112 (84.2) 0.351

LVI 282 (67.5) 188 (66.0) 94 (70.7) 0.338

PNI 330 (78.8) 225 (78.7) 105 (79) 0.949

LN (positive) 265 (63.3) 183 (64) 82 (61.7) 0.645

Grade 0.886

0 8 (2) 5 (1.8) 3 (2.3)

1 11 (2.7) 7 (2.5) 4 (2.7)

2 292 (71.4) 197 (71.1) 95 (71.4)

3 95 (23.2) 65 (23.5) 30 (22.7)

4 3 (0.7) 3 (1.1) 0 (0.0)

Median pre-NAT CA 19-9 (IQR) 337 (111–1075) 360 (113–1276) 272 (98–852) 0.284

Median post-NAT CA 19-9 (IQR) 57.1 (29–164) 52.7 (27–154) 62.5 (30.4–191.5) 0.553

Median CA 19-9% change (IQR) - 0.79 (- 0.92 to - 0.50) - 0.80 (- 0.93 to - 0.49) - 0.75 (- 0.88 to - 0.51) 0.211

Pre-NAT CA 19-9[ 37 189 (65.2) 131 (64.5) 58 (66.7) 0.727

NAT regimen 0.0001

Gemcitabine-based 283 (67.9) 177 (62.3) 206 (79.7)

5FU-based 101 (24.2) 84 (29.6) 17 (12.8)

Both 31 (7.4) 21 (7.4) 10 (7.5)

Other 2 (0.5) 2 (0.7) 0 (0)

NAT cycles 3 (2–5) 3 (2–5) 3 (2–4) 0.647

Surgery 0.012

Whipple 324 (77.3) 210 (73.4) 114 (85.7)

Distal 53 (12.7) 39 (13.6) 14 (10.5)

Total 6 (1.4) 6 (2.1) 0 (0)

Appleby 36 (8.6) 31 (10.8) 5 (3.8)

AJCC Stage 0.621

1A 17 (4.3) 11 (4) 6 (4.7)

1B 43 (10.8) 28 (10.3) 15 (11.7)

2A 126 (31.5) 88 (32.4) 38 (29.7)

2B 181 (45.3) 119 (43.8) 62 (48.4)

3 33 (8.3) 26 (9.6) 7 (5.5)

Adjuvant therapy 298 (73) 206 (73.8) 92 (71.3) 0.594

Median OS: months (IQR) 24.2 (20.9–29.4) 27.5 (21.4–32.8) 20.0 (15.9–24.5) 0.050

Median DFS: months (IQR) 11.9 (10.6–13.6) 12.2 (10.5–15.2) 11.5 (9.9–14.2) 0.239
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used, including gemcitabine-based regimens (67.9%,

n = 283), fluorouracil (5FU)-based regimens (24.2%,

n = 101), or both gemcitabine- and 5FU-based regimens

(7.4%, n = 31) in case of crossover, with 10% of all the

patients (n = 41) also receiving stereotactic body radiation

therapy.

For the patients with available CA 19-9 data (n = 290),

the median baseline pre-NAT CA 19-9 was 337 (IQR,

111–1075), with 1.67% of the patients (n = 7) having

normal CA 19-9 (\ 37) values at diagnosis. Adjuvant

treatment was received by 73% of all the patients

(n = 298).

The median OS for the total cohort was 24.2 months,

and the DFS was 11.9 months. The median pre-treatment

SII was 563 (IQR, 367–988), and the median posttreatment

SII was 582 (IQR, 275–1140), with a 0.11% median

change in SII after treatment (IQR, - 0.53 to 0.80).

Prognostic Significance of Pre- and Post-neoadjuvant

SII

The baseline SII before initiation of NAT was not

associated with any clinical outcome. The post-NAT SII

was an independent negative predictor of OS as a contin-

uous variable and remained resilient even after adjustment

for other preoperative variables (Table S1; hazard ratio

[HR], 1.0001; 95% confidence interval [CI]

1.00003–1.00014; p = 0.006). No association was found

between post-NAT SII and DFS, R0 resection rate, lymph

node (LN) positivity, tumor grade, or tumor stage.

We identified a post-NAT SII of 900 as the optimal

cutoff point based on previously published values24,25 and

confirmation with our own independent analysis

(Table S2). A post-NAT SII of 900 or lower was observed

in 286 patients, whereas an SII higher than 900 was

observed in 133 patients. As shown in Table 1, the

demographic and clinicopathologic characteristics were

similar between the cohorts, with the exception of a lower

BMI (27.48 ± 5.33 vs 25.69 ± 5.43 kg/m2; p = 0.002), a

lower preoperative albumin (3.63 ± 0.48 vs 3.50 ± 0.47;

p = 0.013), fewer patients receiving 5FU-based NAT

(12.8% vs 29.6%; p = 0.0001), and more pancreatic head

tumors requiring Whipple resection (85.7% vs. 73.4%;

p = 0.012) in patients with a post-NAT SII higher than

900.

Kaplan–Meier analysis demonstrated that a post-NAT

SII higher than 900 was associated with a significantly

shorter OS (Fig. 1; p = 0.050). The median OS was

27.50 months (95% CI, 21.43–32.83 months) for the

patients with a post-NAT SII of 900 or lower and

20.03 months (95% CI, 15.87–24.53 months) for the

patients with an SII higher than 900. In a Cox regression

univariate model of survival, post-NAT SII higher than

900, preoperative albumin, preoperative CA 19-9, CA 19-9

response, and administration of adjuvant therapy were

prognostic factors for OS (Table 2). In the multivariate

analysis, a post-NAT SII higher than 900 was an inde-

pendent predictor of shorter OS (Table 2; HR, 1.369; 95%

CI 1.019–1.838; p = 0.037).

Prognostic Significance of a Change in SII

We next evaluated the prognostic significance of a

change in SII after NAT. We found that 10.2% of all pa-

tients (n = 39) had a decrease in SII of 80% or more.

Demographic and clinical differences between the patients

with and those without a decrease in SII of 80% are shown
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FIG. 1 Overall survival estimate for patients with a post-

neoadjuvant treatment systemic immune-inflammation index (SII)

greater than 900 (median overall survival, 27.50 vs 20.03 months;

p = 0.050)

TABLE 1 continued

Variable Total cohort

(n = 419)

n (%)

Post-treatment

SII B 900

(n = 286)

n (%)

Post-treatment

SII[ 900

(n = 133)

n (%)

p value

Median follow-up: months (IQR) 39.1 (32.6–48.1) 39.1 (32.6–49.3) 42.1 (24.6–51.3) 0.706

SII, systemic immune-inflammation index; IQR, interquartile range; BMI, body mass index; CCI, Charlson comorbidity index; T size, tumor

size; NAT, neoadjuvant therapy; LVI, lymphovascular invasion; PNI, perineural invasion; LN, lymph node; CA 19-9, carbohydrate antigen 19-9;

5FU, fluorouracil; AJCC, American Joint Committee on Cancer; OS, overall survival; DFS, disease-free survival
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in Table S3. The patients with at least an 80% decrease in

SII after NAT had a higher prevalence of 5FU-based

therapy (42.5% vs 20.1%; p = 0.006) and a greater number

of NAT cycles (4 vs 3; p = 0.0007) than the patients with

less than an 80% reduction in SII. The findings showed a

slight negative correlation between the percentage change

in SII after NAT and the number of NAT cycles (Fig. S1;

Spearman’s correlation coefficient [q], - 0.19; p\ 0.01).

A decrease in SII after NAT was not predictive of a change

in clinical outcome, except for an association with CA 19-9

response to treatment. The patients with a change in SII of

at least 80% after NAT were more likely also to have a CA

19-9 response (Table S3; 92% vs 73.7%; p = 0.016) after

NAT. Dividing the patient cohort based on a 50% reduction

in SII yielded similar results.

Association Between SII and CA 19-9 Response

to Neoadjuvant Treatment

Given that CA 19-9 is an established PDAC biomarker

of disease and treatment response, we sought further to

explore the association between the change in SII and a

change in CA 19-9.15,26 The findings showed a positive

association between the percentage change in CA 19-9 and

a percentage change in SII as continuous variables (Fig. 2a;

Spearman’s correlation coefficient [q], 0.173; p = 0.013).

Moreover, an 80% reduction in SII after NAT was also

associated with a CA 19-9 response (Fig. 2b; Pearson

v2 = 5.82; p = 0.016). In a multivariate model, an 80%

decrease in SII independently predicted a CA 19-9

response after NAT (Table 3; HR, 4.22; CI, 1.209–14.750;

p = 0.024).

DISCUSSION

Although neoadjuvant therapy is increasingly used for

the treatment of patients with pancreatic adenocarcinoma,

biomarkers of treatment response are needed to determine

the efficacy of treatment regimens for individualized

patients and the duration of treatment before attempted

surgical resection. This study evaluated the prognostic role

of the systemic SII for patients with PDAC receiving

neoadjuvant treatment before surgical resection. Post-

neoadjuvant SII was determined to be an independent

negative predictor of overall survival, and a change in SII

after treatment was independently associated with a change

in CA 19-9, which has been validated as a marker of

treatment response.15 This association supports the prog-

nostic value of SII for patients with PDAC, suggesting that

it may be a useful marker in the subset of patients who do

not secrete CA 19-9. However, this requires further anal-

ysis in a larger cohort.

TABLE 2 Predictors of overall

survival
Cox for OS Univariate analysis Multivariate analysis

Variable HR (95% CI) p value HR (95% CI) p value

Post-NAT SII at 900a 1.321 (0.999–1.746) 0.051 1.369 (1.019–1.838) 0.037

Agea 1.009 (0.995–1.023) 0.196 –

Sex (F) 1.053 (0.809–1.373) 0.697

Race (white) 1.154 (0.543–2.453) 0.709

BMIa 0.980 (0.954–1.006) 0.134 –

BMI-35a 0.688 (0.407–1.163) 0.163 –

Pre-op albumina 0.662 (0.501–0.874) 0.004 0.781 (0.594–1.026) 0.075

Age-adjusted CCIa 1.077 (0.994–1.166) 0.069 –

Chronic disease C 3 1.151 (0.862–1.538) 0.341

Tumor size 0.994 (0.854–1.158) 0.942

Pre-NAT CA 19-9 1.000 (0.9995–1.0001) 0.670

Post-NAT CA 19-9a 1.0001 (1.000002–1.0002) 0.011 –

CA 19-9 50% changea 0.816 (0.568–1.172) 0.271 –

CA 19-9 80% changea 0.728 (0.520–1.172) 0.063 –

NAT cycles 0.994 (0.964–1.026) 0.737

Adjuvant therapya 0.410 (0.317–0.554) \ 0.0001 0.407 (0.303–0.547) \ 0.0001

No. of subjects = 389; LR v2 (3) = 43.92; log-likelihood ratio = - 1032.72; p\ 0.0001

HR, hazard ratio; CI, confidence interval; NAT, neoadjuvant therapy; SII, systemic immune-inflammation

index; BMI, body mass index; CCI, Charlson comorbidity index; CA 19-9, carbohydrate antigen 19-9
aIndicates variables included in the multivariate model
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The incorporation of NAT for patients with borderline-

resectable and resectable PDAC has evolved in recent

years. Preoperative treatment of PDAC with chemotherapy

or chemoradiotherapy has been increasingly used for its

potential advantages in treating micrometastatic disease,

downstaging tumors, improving R0 resection rates, and

potentially improving OS compared with upfront resec-

tion.9,27,28 Given that neoadjuvant protocols are still under

active clinical evaluation, it is critical to have intermediary

parameters of treatment response beyond radiographic

imaging or pathologic biopsy. Findings have demonstrated

that CA 19-9 has some utility as a biomarker of NAT

response. However, additional data are required, and a

subset of patients do not secrete CA 19-9 and cannot rely

on this biomarker. Currently no biomarkers are available to

gauge treatment response in these patients. Easily obtain-

able markers of clinical response would be useful for

evaluating novel treatment regimens and would help long

term in treatment decision-making by assessing individu-

alized treatment efficacy and the duration of the NAT

course, which still needs to be definitively established.29

The complete blood count and differential required to

calculate the SII is a common laboratory test ordered for

patients that makes the SII a potentially compelling bio-

marker of interest because no specialized laboratory

analyses are required. The SII has been evaluated in several

solid tumors, including gastrointestinal malignancies.30,31

For patients with resectable PDAC, the preoperative SII

has been shown to be an independent negative predictor of

disease-free survival.24 The SII has also demonstrated great

predictive ability of OS than the neutrophil-to-lymphocyte

ratio (NLR) or the platelet-to-lymphocyte ratio (PLR) for

patients with resectable PDAC.25 For patients with

advanced, nonresectable PDAC, the SII was found to be an

independent negative predictor of overall survival for those

with normal or elevated levels of CA 19-9.32
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FIG. 2 Association between the carbohydrate antigen 19-9 (CA

19-9) percentage change and the systemic immune-inflammation

index (SII) after neoadjuvant therapy. a q = 0.187; p = 0.027. The

findings show a dichotomous association between a 50% change in

CA 19-9 and an 80% change in SII after neoadjuvant therapy.

b Pearson v2 = 5.82; p = 0.016

TABLE 3 Predictors of CA

19-9 response
Dependent variable

CA 19-9 50% change

Univariate analysis Multivariate analysis

Variable OR (95% CI) p value OR (95% CI) p value

SII 80% changea 4.053 (1.20–13.69) 0.024 4.22 (1.209–14.750) 0.024

Age[ 65 yearsa 1.976 (1.132–3.447) 0.017 2.181 (1.191–3.993) 0.012

Sex (F) 0.916 (0.528–1.589) 0.755

BMI 0.985 (0.935–1.039) 0.581

Pre-op albumin 1.365 (0.774–2.404) 0.282

Age-adjusted CCI 1.021 (0.851–1.225) 0.824

T sizea 1.348 (0.961–1.891) 0.084 1.309 (0.912–1.878) 0.144

NAT cyclesa 1.313 (1.118–1.542) 0.001 1.278 (1.082–1.510) 0.004

No. subjects = 261; LR v2 (4) = 25.84, log-likelihood ratio = - 129.351, p\ 0.0001

OR, odds ratio; CI, confidence interval; SII, systemic immune-inflammation index; BMI, body mass index;

CCI, Charlson Comorbidity Index; NAT, neoadjuvant therapy
aIndicates variables included in multivariate model
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In contrast to the existing literature on SII in PDAC, our

study showed that baseline pre-treatment SII did not pre-

dict clinical outcome.24 This important finding suggests

that NAT may alter tumor biology and outcome to influ-

ence prognosis. We identified post-NAT SII as an

independent negative predictor of OS as a continuous

variable. When the cohort was divided into post-NAT SII

above and below 900, the patients with a post-treatment SII

of 900 or lower had a median survival benefit of approxi-

mately seven months compared with the patients who had

an SII of 900 or higher. A post-NAT SII greater than 900

appears to influence survival because it is an independent

predictor of overall survival.

Reduction in CA 19-9 after NAT for PDAC remains the

gold standard of biomarkers in predicting response to

treatment. A CA 19-9 response greater than 50% after NAT

is an independent predictor of overall survival and asso-

ciated with improved R0 resection rate and histopathologic

response.15 In our study, change in SII closely paralleled

change in CA 19-9 after NAT. The SII is indicative of the

general inflammatory response to cancer and can be com-

bined with CA 19-9 for improved prognostic ability.

Moreover, CA 19-9 is not a prognostic indicator in all

patients with PDAC. As many as 18% of patients are CA

19-9 ‘‘non-secretors’’ and have normal CA 19-9 levels

throughout diagnosis and treatment.26 The SII could be a

helpful prognostic indicator of OS for these patients, but

further evaluation is required for specific study of this

patient cohort.

Consistent with previous studies identifying improved

clinical outcomes associated with the administration of

FOLFIRINOX,33,34 we found that patients with a post-

NAT SII lower than 900 and those with an 80% or greater

decrease in SII, predictive of better prognosis and CA 19-9

response, received a significantly higher rate of 5FU-based

therapy than gemcitabine-based therapy.

The prognostic value of SII is deeply rooted in the tumor

biology of PDAC. Chronic inflammation is a hallmark of

PDAC, promoting cell proliferation and enhancing tumor

cell invasiveness, migration, and metastasis.21,22,35 Chronic

pancreatitis contributes to PDAC development with the

formation of pancreatic intraepithelial lesions and is a

known risk factor for PDAC.36–38 Neutrophils are central to

the inflammatory response and are directly linked to cancer

progression.39 Neutrophils also revert cancer cell senes-

cence and promote immune evasion with inhibition of T

cell activation and proliferation as well as recruitment of

regulatory T cells.40,41 Neutrophil extracellular trap (NET)

formation, whereby neutrophils produce extracellular webs

of DNA, histones, and granule proteins, has been impli-

cated in several diseases involving sterile inflammation,

including pancreatitis42,43 and PDAC.44,45 Neutrophils are

essential to the metastatic cascade, recruiting tumor cells to

the endothelium, priming premetastatic niches, and teth-

ering circulating tumor cells.46–48 Increased neutrophils are

associated with necrosis, a poor prognostic factor for

patients with PDAC and other tumor types.49,50

One major complication of PDAC and its subsequent

treatment with surgery or chemotherapy is a hypercoagu-

lable state that often manifests as thromboembolic

disease.51–53 The generation of an intrinsic hypercoagula-

ble state in PDAC is due to an activated coagulation

cascade that acts in a feed-forward loop to promote tumor

growth and metastasis.54 Activated platelets bind tumor

cells via the adhesion receptor P selectin and direct tumor

growth and metastasis by secreting proangiogenic and

tumor-derived growth factors, namely, platelet-derived

microparticles, tissue factor, and platelet-derived growth

factor.55–57

This study was limited by the retrospective nature of its

design. The timing of post-therapy blood draws used to

calculate SII was variable, which was a limitation of the

study. Because chemotherapy may suppress blood counts

used in the SII calculation, using the immediate preoper-

ative values, which typically are assessed three weeks after

completion of therapy, allowed for return to baseline levels

before assessment. Furthermore, because all the patients

included in this analysis underwent surgical resection, it is

not clear how SII influences patients who initiate

chemotherapy but ultimately do not undergo surgical

resection. Additional evaluations are necessary at multiple

institutions before introduction of SII as a prognostic

indicator in clinical practice.

CONCLUSION

This study suggests that elevated post-treatment SII is an

independent negative prognostic indicator of survival after

neoadjuvant treatment of PDAC. Moreover, an 80%

reduction in SII is predictive of CA 19-9 response, and the

combined prognostic ability of both markers warrants

further investigation.
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