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Abstract: Background: The value of platelet characteristics as a prognostic factor in patients with
pancreatic adenocarcinoma (PDAC) remains unclear. Methods: We assessed the prognostic ability
of post-splenectomy thrombocytosis in patients who underwent left pancreatectomy for PDAC.
Perioperative platelet count ratio (PPR), defined as the ratio between the maximum platelet count
during the first five days following surgery and the preoperative level, was assessed in relation to
long-term outcomes in patients who underwent left pancreatectomy for PDAC between November
2008 and October 2022. Results: A comparative cohort of 245 patients who underwent pancreatico-
duodenectomy for PDAC was also evaluated. The median PPR among 106 patients who underwent
left pancreatectomy was 1.4 (IQR1.1, 1.8). Forty-six had a PPR ≥ 1.5 (median 1.9, IQR1.7, 2.4) and
60 had a PPR < 1.5 (median 1.2, IQR1.0, 1.3). Patients with a PPR ≥ 1.5 had increased median
overall survival (OS) compared to patients with a PPR < 1.5 (40 months vs. 20 months, p < 0.001). In
multivariate analysis, PPR < 1.5 remained a strong predictor of worse OS (HR 2.24, p = 0.008). Among
patients who underwent pancreaticoduodenectomy, the median PPR was 1.1 (IQR1.0, 1.3), which
was significantly lower compared to patients who underwent left pancreatectomy (p > 0.001) and did
not predict OS. Conclusion: PPR is a biomarker for OS after left pancreatectomy for PDAC. Further
studies are warranted to consolidate these findings.

Keywords: thrombocytosis; distal pancreatectomy; biomarker

1. Introduction

Surgical resection is currently the only curative treatment for PDAC, but unfortunately,
only a minority of patients (~20%) are eligible for radical resection due to oncologic and
clinical factors [1]. Of those who undergo surgery, nearly half will experience early disease
recurrence, within 12 months after surgery, with little benefit of chemotherapy, while the
remaining population have longer DFS, prolonged OS, and even cure [2]. To shift towards
precision medicine with tight monitoring and early interventions for those at high risk,
there is a significant need to identify biomarkers for early recurrence and mortality in
patients who have undergone surgical resection.

Platelets have been shown to play a key role in various aspects of cancer development
including angiogenesis [3], cell proliferation [4], cell invasiveness, and metastasis [5,6].
Platelets have reciprocal interactions with cancer cells and have been shown to affect cancer
progression [7]. At the same time, the presence of a malignant disease affects multiple
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platelet characteristics and functions [8]. The relationship between platelet counts and
pancreatic cancer prognosis is controversial. Some studies have shown that preoperative
thrombocytosis in patients with PDAC is associated with a worse long-term outcome,
similar to what has been demonstrated in other malignancies such as lung, breast, and
colorectal cancer [9–13]. Conversely, other studies have demonstrated improved prognosis
in patients with PDAC, with increased platelet counts [14,15]. Recently, it was shown
that reduced platelet counts, although still within the normal range, are correlated with
advanced tumor stage and worse outcomes in patients with PDAC [16].

The objective of this study was to investigate the association between perioperative
platelet counts and long-term survival in patients with PDAC who underwent left pan-
createctomy and splenectomy (left pancreatectomy). This particular patient group was
chosen due to the unique opportunity provided by the splenectomy part to assess whether
post-splenectomy platelet counts, which in healthy patients typically increase due to de-
creased sequestration and increased thrombogenesis [17], are affected by PDAC, and can
predict long-term outcomes. To evaluate this association, a perioperative platelet count
ratio (PPR) was calculated, which depicts the ratio between the maximum postoperative
platelet count until postoperative day 5 and the preoperative platelet count. PPR was
assessed in relation to the long-term outcomes of patients with PDAC who underwent left
pancreatectomy. PPR was also evaluated in a parallel cohort of patients with PDAC who
underwent pancreaticoduodenectomy without splenectomy.

2. Materials and Methods

This retrospective study included patients who underwent left pancreatectomy and
pancreaticoduodenectomy for PDAC in a hepato-pancreato-biliary referral center from
November 2008 to October 2022. Patients who underwent surgery for non-PDAC lesions,
those under the age of 18, and patients who were pregnant at least one year prior to
cancer diagnosis were excluded. None of the patients in this cohort had a history of
idiopathic thrombocytopenia purpura, essential thrombocythaemia, or any other chronic
disease that is known to chronically affect platelet counts. The PPR was calculated by
dividing the maximum platelet count up to postoperative day 5 by the preoperative level
(the latest blood count taken prior to surgery). All patients in our cohort had at least
4 blood tests with platelet counts during the first 5 days after surgery. Data were extracted
retrospectively from the electronic medical charts of the surgery and oncology departments
using MDClone© software, a data extraction and synthesis tool connected to the medical
records of patients treated in our facility (http://www.mdclone.com, accessed on 1 January
2023). The data collected included patient demographics, medical history, comorbidities,
tumor characteristics on imaging, neoadjuvant treatment details, perioperative laboratory
indices, surgical pathology, and postoperative course including complications, recurrence,
and survival. The collected data were manually assessed and validated for all patients.
The rates of missing data among the variables collected are depicted in the Supplementary
Table S1. Postoperative complications were classified according to the Clavien–Dindo
system, and major complications defined as Clavien–Dindo >3a [18]. ChatGPT was used
to improve grammar and context. All methods were carried out in accordance with the
Helsinki declaration. The study was approved by the institutional review board at Sheba
Medical Center. The informed consent requirement was waived by the ethics committee
for this retrospective study with reference committee number SMC-9498-22.

Statistical Analysis

Continuous variables are presented as median and interquartile range (IQR), and
categorical variables as number and percentage. The optimal cutoff point for PPR for
predicting OS was determined using the maximally selected rank statistic [19]. Differences
between groups were compared using the Mann–Whitney U test for continuous variables
and chi-square or Fisher’s exact tests for categorical variables. Patients with missing data
values were excluded from calculation of medians/percentages and statistical comparison
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for the respective variable. OS and DFS from the time of pancreatectomy were estimated
using the Kaplan–Meier method and differences between subgroups were assessed using
the log-rank test. Patients who died within 60 days from surgery were excluded from
survival analysis. Multivariable Cox proportional hazard regression analysis was used
to evaluate the effect of PPR on OS and DFS. Two-sided p-values of less than 0.05 were
considered statistically significant. All statistical calculations were performed using R
(version 4.0.0).

3. Results

Between November 2008 and October 2022, 106 patients underwent left pancreate-
ctomy for PDAC. The median PPR for the entire cohort was 1.4 (IQR 1.1, 1.8). Using
the maximally selected rank statistic for optimal cutoff-point determination, the most
significant difference in OS was observed when a PPR cutoff point of 1.5 was used
(Supplementary Figure S1). PPR was ≥1.5 in 46 patients (43%) and <1.5 in 60 patients
(57%). Table 1 summarizes patient characteristics and preoperative data. No significant
differences were observed between the two groups in respect to sex, age, body mass index
(BMI), smoking history, and comorbidities. Oncologic characteristics, such as the rates of
receiving neoadjuvant therapy and the number of cycles of neoadjuvant therapy given in
those who received it, as well as preoperative tumor markers, were similar between the
two groups. Among the various laboratory parameters evaluated, the median preoperative
platelet count was higher in patients with a PPR < 1.5 than in those with a PPR ≥ 1.5 (195 vs.
169, p = 0.002), as was the median platelet to lymphocyte ratio (PLR) (113 vs. 96, p = 0.044).

Table 1. Patient characteristics and preoperative data among patients who underwent left pancreatec-
tomy and splenectomy.

All Patients
n = 106

PPR ≥ 1.5
n = 46

PPR < 1.5
n = 60 p

Female sex, n (%) 51 (49) 24 (53) 27 (45) 0.52
Age, median (IQR), years 68 (61, 75) 67 (61, 72) 70 (60, 75) 0.17
BMI, median (IQR), kg/m2 25.2 (23.1, 28.5) 25.2 (23.3, 28.1) 25.2 (22.8, 28.8) 0.90
Smoking, n (%) 19 (19) 8 (18) 11 (19) 0.99
Hypertension, n (%) 42 (40) 15 (33) 27 (45) 0.27
Ischemic heart disease, n (%) 7 (6.6) 3 (6.5) 4 (6.7) 0.99
Congestive heart failure, n (%) 1 (0.9) 0 (0.0) 1 (1.7) 0.99
Diabetes, n (%) 31 (29) 9 (20) 22 (37) 0.09
Chronic obstructive pulmonary disease, n (%) 5 (4.7) 2 (4.3) 3 (5.0) 0.99
Asthma, n (%) 5 (4.7) 2 (4.3) 3 (5.0) 0.99
Chronic renal failure, n (%) 4 (3.8) 0 (0.0) 4 (6.7) 0.13
Neoadjuvant therapy, n (%) 32 (30) 14 (30) 18 (30) 0.99
Preoperative CA 19-9, median (IQR), U/mL 41 (18, 110) 32 (20, 90) 65 (18, 175) 0.26
Preoperative CEA, median (IQR), µg/L 2.8 (1.7, 4.5) 2.8 (1.9, 4.2) 2.7 (1.6, 4.5) 0.95
Preoperative albumin, median (IQR) g/dL 3.8 (3.3, 4.2) 3.7 (3.2, 4.1) 3.8 (3.4, 4.2) 0.24
Preoperative bilirubin, median (IQR), mg/dL 0.5 (0.4, 0.6) 0.5 (0.4, 0.7) 0.5 (0.4, 0.6) 0.16
Preoperative CRP, median (IQR), mg/L 4.9 (1.9, 15.6) 5.6 (1.9, 25.6) 4.1 (1.9, 11.0) 0.77
Preoperative WBC count, median (IQR), 109/L 7.1 (5.8, 9.2) 7.6 (5.8, 11.2) 6.8 (5.8, 8.6) 0.35
Preoperative neutrophil count, median (IQR), 109/L 4.3 (3.4, 6.1) 4.3 (3.3, 6.7) 4.3 (3.4, 5.5) 0.82
Preoperative lymphocyte count, median (IQR), 109/L 1.7 (1.3, 2.2) 1.7 (1.2, 2.2) 1.8 (1.3, 2.2) 0.73
Preoperative platelet count median (IQR), 109/L 181 (149, 216) 169 (137, 197) 195 (157, 226) 0.002
Preoperative Hb, median (IQR), g/dL 12.8 (11.5, 13.6) 12.8 (11.5, 13.6) 12.9 (11.6, 13.7) 0.78
PLR, median (IQR) 106 (85, 144) 96 (75, 135) 113 (94, 155) 0.044
NLR, median (IQR) 2.4 (1.8, 3.8) 2.1 (1.8, 4.4) 2.5 (1.8, 3.2) 0.99
HALP score, median (IQR) 43 (28, 57) 43 (28, 72) 43 (31, 52) 0.62

PPR—perioperative platelet ratio; IQR—interquartile range; BMI—body mass index; WBC—white blood
cell; PLR—platelet to lymphocyte ratio; NLR—neutrophil to lymphocyte ratio; HALP, hemoglobin-albumin-
lymphocyte-platelet.
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No significant differences were found in preoperative CRP; total white blood cell,
neutrophil, or lymphocyte counts; neutrophil to lymphocyte ratio; or hemoglobin–albumin–
lymphocyte–platelet score between the two groups (Table 1).

We further investigated whether there were differences in surgery and postoperative
course between patients with a PPR ≥ 1.5 compared to those with a PPR < 1.5 (Table 2).
No significant differences were found in the rate of surgeries that were performed using a
minimally invasive approach, or in median operative time. The rates of surgical complica-
tions, reoperation, and readmissions, as well as the average length of hospital stay, were
comparable between the two groups. Patients with a PPR ≥ 1.5 had higher maximum CRP
(median 210 vs. 173, p = 0.035) and lymphocyte count (median 2.7 vs. 2.1, p = 0.012) within
the first 5 days following surgery. The maximum platelet count during the first 5 days after
surgery was significantly higher in patients with a PPR ≥ 1.5 compared to those with a
PPR < 1.5 (median 332 vs. 222, p < 0.001), even though this group had a significantly lower
preoperative platelet count. Final pathology examination was comparable between the two
groups in respect to tumor size, rate of R1 resection, number of lymph nodes sampled and
lymph nodes positive for malignancy, lymphovascular invasion, and perineural invasion
(Table 2). Rates of receiving adjuvant therapy and the number of cycles of adjuvant therapy
given in those who received it were comparable between the groups (Table 2).

Table 2. Surgery, postoperative course, and pathology among patients who underwent left pancreate-
ctomy and splenectomy.

All Patients
n = 106

PPR ≥ 1.5
n = 46

PPR < 1.5
n = 60 p

Laparoscopic approach, n (%) 64 (60) 31 (67) 33 (55) 0.27
Operative time, median (IQR), min 290 (215, 372) 266 (205, 345) 302 (221, 380) 0.23
Major complications (CD ≥ 3), n (%) 20 (19) 5 (11) 15 (25) 0.11
Life threatening complication (CD ≥ 3) #, n (%) 2 (1.9) 1 (2.2) 1 (1.6) 0.337
Postpancreatectomy hemorrhage, n (%) $ 3 (2.83) 1 (2.2) 2 (3.3) 0.153
Reoperation, n (%) 6 (5.6) 2 (4.3) 4 (6.6) 0.16
Length of stay, median (IQR), days 7.0 (5.0, 10.0) 7.0 (5.0, 9.0) 7.0 (6.0, 10.5) 0.13
Readmission, n (%) 31 (29) 11 (24) 20 (33) 0.40
Postoperative CRP, median (IQR), mg/L a 194 (146, 244) 210 (172, 248) 173 (137, 216) 0.035
Postoperative lymphocyte count, median (IQR), 109/L a 2.4 (1.7, 3.2) 2.7 (2.0, 3.8) 2.1 (1.6, 2.8) 0.012
Postoperative platelets, median (IQR), 109/L a 258 (204, 338) 332 (264, 439) 222 (197, 268) <0.001
PPR, median (IQR) 1.4 (1.1, 1.8) 1.9 (1.7, 2.4) 1.2 (1.0, 1.3) <0.001
Adjuvant therapy, n (%) 64 (62) 30 (67) 34 (59) 0.53

No. of cycles, median (IQR) 4.5 (3.0, 8.0) 4.5 (3.0, 7.0) 4.5 (3.0, 8.0) 0.78
Tumor size, median (IQR), cm 3.1 (2.3, 4.2) 3.1 (2.5, 4.0) 3.0 (2.0, 4.3) 0.92
R1 resection, n (%) 16 (17) 9 (23) 7 (13) 0.39
No. of sampled lymph nodes, median (IQR) 13 (9, 17) 12 (8, 17) 14 (10, 17) 0.31
Lymph node involvement, n (%) 41 (45) 16 (40) 25 (49) 0.52
No. of positive lymph nodes, median (IQR) 0 (0, 2) 0 (0, 2) 0 (0, 1) 0.68
Lymphovascular invasion, n (%) 16 (18) 9 (24) 7 (14) 0.34
Perineural invasion, n (%) 54 (61) 24 (63) 30 (60) 0.94

Abbreviations: PPR, perioperative platelet ratio; IQR, interquartile range; CD, Clavien–Dindo. a Maximum level
during postoperative days 1–5. # requiring intensive care unit management. $ requiring intervention under local
of general anesthesia.

Patients with a PPR ≥ 1.5 had significantly longer OS following surgery, with a
median OS of 40 months (95% CI 23—not reached) compared to 20 months (95% CI 16–26)
in patients with a PPR < 1.5 (p < 0.001) (Figure 1A). Median DFS was 14 months (95%
CI 10-not reached) in patients with a PPR ≥ 1.5, and 9 months (95% CI 8-not reached)
in patients with a PPR < 1.5 (p = 0.21) (Figure 1B). Among patients with a PPR < 1.5, we
observed a distinct gradient in long-term OS based on PPR levels. Specifically, those with
the lowest PPR, PPR < 1, experienced significantly worse OS compared to those with PPR
in the range of 1–1.5. In contrast, this continuum in OS was not evident among patients
with a PPR ≥ 1.5 (Figure 2).
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Figure 2. OS from distal pancreatectomy and splenectomy, stratified into distinct groups based on
PPR. Patients with PPR < 1 exhibited significantly shorter long-term survival compared to those
falling within the PPR range of 1–1.5 (p = 0.017). Both the PPR < 1 and PPR 1–1.5 groups had reduced
OS compared to patients with PPR ≥ 1.5 (p = 0.02). No significant difference was observed between
patients with PPR 1.5–2 and those with PPR > 2 (p = 0.46). Curves are truncated when fewer than five
patients remain at risk.
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In a multivariable Cox proportional hazard model adjusting for maximal postoperative
CRP, lymphocyte, and platelet counts (preoperative and maximal postoperative levels),
a PPR < 1.5 significantly correlated with worse OS (hazard ratio—2.24 (95% CI 1.23–4.06,
p = 0.008)) (Table 3). At the end of the study period, 41 patients remained alive, with a
median follow-up of 27 months (IQR 14, 38).

Table 3. Multivariable Cox proportional hazard regression analysis including postoperative parame-
ters that had p < 0.05 in univariate analysis.

Univariate
HR (95% CI) p-Value Multivariate

HR (95% CI) p-Value

PPR < 1.5 # 2.47 (1.43–4.26) 0.001 2.24 (1.23–4.06) 0.008
Platelet count * 0.998 (0.996–0.999) 0.037 1.0011 (0.997–1.001) 0.24
CRP * 0.999 (0.997–1.001) 0.42 0.997 (0.9973–1.002) 0.79
Lymphocyte count * 0.95 (0.78–1.15) 0.58 1.07 (0.88–1.30) 0.52

# Separate multivariate analysis using preoperative platelet counts yielded HR of 2.46 (95%CI 1.33–4.56). * Maximal
levels within 5 days from surgery.

To explore the potential impact of the splenectomy on the observed correlation between
PPR and outcomes in patients with PDAC that underwent left pancreatectomy, we analyzed
a comparative cohort of 245 PDAC patients who underwent pancreaticoduodenectomy,
which does not include a splenectomy. The median PPR in this group was 1.1 (IQR 0.9,
1.3), which was significantly lower than the median PPR in the left pancreatectomy group
(p < 0.001). Using the same cutoff as for left pancreatectomy, 28 patients (11%) were
identified with a PPR > 1.5 and 217 patients (89%) with a PPR < 1.5. Patients with a
PPR > 1.5 had increased rates of chronic renal failure (18% vs. 5.5%, p = 0.032), a lower
preoperative platelet count (median 176 vs. 246, p < 0.001) and lymphocyte count (median
1.2 vs. 1.7, p = 0.012), and were more likely to have undergone neoadjuvant therapy
(43% vs. 21%, p = 0.021). No other differences were found between the two groups with
respect to patient demographics, medical history, comorbidities, or oncologic data (Table 4).
Similarly, no major differences were observed in the data pertaining to surgery or the
postoperative course between the two groups (Table 5). Notably, patients with high PPR in
the pancreaticoduodenectomy group had comparable long-term outcomes to those with low
PPR (Figure 3), and no cutoff value for PPR with a significant effect on OS was identified.
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Neoadjuvant therapy, n (%) 58 (24) 12 (43) 46 (21) 0.021 

Preoperative CA 19-9, median (IQR), U/mL 161 (54, 523) 159 (66, 590) 163 (54, 466) 0.88 

Preoperative CEA, median (IQR), µg/L 2.8 (2.0, 4.7) 2.6 (1.7, 4.4) 2.9 (2.0, 4.8) 0.33 

Preoperative albumin, median (IQR) g/dL 3.8 (3.3, 4.2) 3.7 (3.4, 4.2) 3.8 (3.3, 4.2) 0.97 

Figure 3. OS (p = 0.59) (A) and DFS (p = 0.11) (B) from pancreatoduodenectomy stratified by PPR.
Survival curves are truncated when fewer than five patients remain at risk.
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Table 4. Patient characteristics and preoperative data among patients who underwent pancreatico-
duodenectomy.

All Patients
n = 245

PPR ≥ 1.5
n = 28

PPR < 1.5
n = 217 p

Female sex, n (%) 119 (49) 14 (50) 105 (48) 0.99
Age, median (IQR), years 70 (63, 75) 65 (57, 76) 70 (63, 75) 0.17
BMI, median (IQR), kg/m2 26.0 (23.7, 29.8) 27.5 (24.2, 31.5) 25.6 (23.6, 29.3) 0.19
Smoking, n (%) 76 (31) 11 (39) 65 (30) 0.43
Hypertension, n (%) 121 (49) 16 (57) 105 (48) 0.50
Ischemic heart disease, n (%) 23 (9.4) 4 (14) 19 (8.8) 0.31
Congestive heart failure, n (%) 5 (2.0) 0 (0.0) 5 (2.3) 0.99
Diabetes, n (%) 96 (39) 10 (36) 86 (40) 0.85
Chronic obstructive pulmonary disease, n (%) 5 (2.0) 0 (0.0) 5 (2.3) 0.99
Asthma, n (%) 17 (6.9) 1 (3.6) 16 (7.4) 0.70
Chronic renal failure, n (%) 17 (6.9) 5 (18) 12 (5.5) 0.032
Neoadjuvant therapy, n (%) 58 (24) 12 (43) 46 (21) 0.021
Preoperative CA 19-9, median (IQR), U/mL 161 (54, 523) 159 (66, 590) 163 (54, 466) 0.88
Preoperative CEA, median (IQR), µg/L 2.8 (2.0, 4.7) 2.6 (1.7, 4.4) 2.9 (2.0, 4.8) 0.33
Preoperative albumin, median (IQR) g/dL 3.8 (3.3, 4.2) 3.7 (3.4, 4.2) 3.8 (3.3, 4.2) 0.97
Preoperative bilirubin, median (IQR), mg/dL 1.7 (0.6, 7.8) 0.9 (0.5, 5.0) 2.0 (0.6, 7.8) 0.20
Preoperative CRP, median (IQR), mg/L 6.6 (2.2, 15.4) 5.7 (2.0, 12.3) 7.1 (2.2, 15.5) 0.52
Preoperative WBC count, median (IQR), 109/L 7.2 (6.1, 9.1) 6.3 (4.8, 8.5) 7.2 (6.1, 9.1) 0.14
Preoperative lymphocyte count, median (IQR), 109/L 1.6 (1.2, 2.2) 1.2 (0.8, 1.8) 1.7 (1.3, 2.2) 0.012
Preoperative platelet count, median (IQR), 109/L 239 (195, 296) 176 (134, 222) 246 (202, 303) <0.001
Preoperative Hb, median (IQR), g/dL 12.0 (11.2, 13.0) 11.6 (10.9, 12.6) 12.1 (11.3, 13.0) 0.20

PPR—perioperative platelet ratio; IQR—interquartile range; BMI—body mass index; WBC—white blood cell.

Table 5. Surgery, postoperative course, and pathology among patients who underwent pancreatico-
duodenectomy.

All Patients
n = 245

PPR ≥ 1.5
n = 28

PPR < 1.5
n = 217 p

Laparoscopic approach, n (%) 33 (13) 5 (18) 28 (13) 0.67
Operative time, median (IQR), min 378 (327, 444) 366 (341, 451) 378 (317, 444) 0.57
Major complications (CD ≥ 3), n (%) 60 (24) 5 (18) 55 (25) 0.53
Reoperation, n (%) 38 (16) 4 (14) 34 (16) 0.99
Length of stay, median (IQR), days 16 (10, 27) 17 (10, 29) 16 (10, 26) 0.48
Readmission, n (%) 105 (43) 7 (25) 98 (45) 0.07
Postoperative CRP, median (IQR), mg/L a 196 (135, 266) 183 (140, 248) 198 (135, 267) 0.58
Postoperative lymphocyte count, median (IQR), 109/L a 1.7 (1.2, 2.1) 1.5 (1.1, 1.8) 1.7 (1.2, 2.2) 0.16
Postoperative platelets, median (IQR), 109/L a 263 (213, 323) 314 (247, 375) 262 (209, 313) 0.015
PPR, median (IQR) 1.1 (0.9, 1.3) 1.7 (1.6, 1.9) 1.0 (0.9, 1.2) <0.001
Adjuvant therapy, n (%) 157 (64) 18 (64) 139 (64) 0.99
Tumor size, median (IQR), cm 2.5 (2.0, 3.5) 3.0 (1.7, 3.7) 2.5 (2.0, 3.5) 0.49
R1 resection, n (%) 67 (28) 9 (36) 58 (27) 0.50
No. of sampled lymph nodes, median (IQR) 18 (13, 23) 20 (13, 24) 18 (13, 23) 0.56
Lymph node involvement, n (%) 157 (65) 19 (73) 138 (64) 0.51
No. of positive lymph nodes, median (IQR) 1 (0, 3) 3 (0, 4) 1 (0, 3) 0.14
Lymphovascular invasion, n (%) 71 (31) 5 (20) 66 (33) 0.29
Perineural invasion, n (%) 147 (65) 15 (60) 132 (66) 0.74

PPR—perioperative platelet ratio; IQR—interquartile range; CD—Clavien–Dindo a Maximum level during
postoperative days 1–5.

4. Discussion

In this study, we conducted a retrospective examination of the potential role of PPR
as a novel biomarker for long-term outcomes in patients with PDAC who underwent
curative resection. Our findings demonstrate that PPR is a significant predictor of OS in
patients with PDAC who underwent left pancreatectomy. Patients with PPR ≥ 1.5 had
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significantly longer survival after surgery compared to those with PPR < 1.5. Notably,
PPR was not found to be predictive in patients who underwent pancreaticoduodenectomy
without splenectomy.

Post-splenectomy reactive thrombocytosis is a well-known phenomenon affecting
over 80% of patients undergoing splenectomy, with platelet counts usually increasing
by 30–100% within days after surgery [20–22]. Pro-platelets are released into the blood
stream from megakaryocytes within the bone marrow, mainly under the regulation of
thrombopoietin, and mature as platelets in the circulation. Normally, up to one-third of the
total platelet mass is sequestered in the spleen as an interchangeable pool [17]. Studies have
shown that surgical trauma and the associated inflammatory response led to increased
ploidy of bone marrow megakaryocytes resulting in increased thrombopoiesis. Adding a
splenectomy further augments this phenomenon [23]. Therefore, it is assumed that post-
splenectomy thrombocytosis is attributed to both the elimination of splenic sequestration
and increased bone marrow production.

The association between the platelet counts and outcomes of patients with PDAC
is conflicting. While some studies have demonstrated that thrombocytosis is associated
with unfavorable outcomes [24–26], other studies shown the opposite, or no association at
all [27,28]. Although most studies have used a single measurement of baseline platelets,
usually pretreatment, one study has shown that time-varying post-diagnosis thrombo-
cytopenia is associated with poor survival of patients with PDAC [15]. Tumor-induced
alterations in bone marrow myelopoiesis and thrombopoiesis are driven by growth factors
and cytokines secreted by the primary tumor, as well as by other mechanisms [29–31].
Nevertheless, the overall effect of cancer on peripheral blood platelet counts can be masked
by factors such as alterations in splenic sequestration [17].

We suggest that in patients with PDAC that undergo left pancreatectomy (with splenec-
tomy), the splenectomy acts as a “stress test” for the thrombopoietic ability of the patient,
in addition to eliminating the effect of splenic sequestration. PPR represents the ‘ability’
of the patient to increase platelet counts after the major surgery and splenectomy. This
ability may be related to the extent to which the patient’s bone marrow is affected by
the tumor, which may reflect both tumor and patient status. Although delineating the
mechanism of this phenomenon is beyond the scope of this report, it is evident that patients
in whom the postoperative platelet count was at least 1.5-fold higher than the preoperative
levels had significantly improved long-term outcomes compared to those with a PPR < 1.5,
presumably due to favorable yet-to-be-identified patient or tumor characteristics. Notably,
patients with a PPR < 1 had the worse outcomes, further supporting the concept that PPR
may represent a continuum of unfavorable to favorable patient outcomes. Importantly, no
significant differences were noted between the groups in respect to common preoperative
patients or tumor characteristics, including the rate of receiving neoadjuvant treatment,
which may affect platelet counts. Assessment of the maximal postoperative platelet count
within the first five days after surgery to calculate PPR provides sufficient time for thrombo-
cytosis to occur and is practical for clinical use, as laboratory tests are commonly performed
during this period for most patients. Using a single test, the maximal platelet count for
PPR calculation may be criticized for not accurately reflecting the patient’s thrombopoietic
ability, given that this value can be affected by multiple factors, including fluid status
and others. However, there were no cases in this cohort in which the maximal count was
disproportionally higher than neighboring tests. It is noteworthy that other formulas, such
as those incorporating a combination of several postoperative platelet count measurements,
including average platelet counts, were less predictive of long-term outcomes. PPR using
POD7, which was the median length of stay in our cohort, yielded the same results as POD5.
We believe that using POD5 is superior since more patients are still hospitalized at that
time point after surgery. Postoperative complications may affect the patient’s inflammatory
status and influence platelet counts. However, no significant differences in minor or major
postoperative complications were observed between patients with a PPR ≥ 1.5 and those
with a PPR < 1.5, including infectious complications. These findings are in good agreement
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with our data, demonstrating no differences in receiving adjuvant chemotherapy between
the groups. Notably, a PPR ≥ 1.5 was not associated with favorable pathology parameters
such as RO/R1 resection or lymph nodes involvement. Maximum postoperative CRP
and lymphocyte counts were higher in patients with a PPR ≥ 1.5 but did not affect the
relationship between PPR and OS in multivariate analysis. Overall, this may suggest that
PPR may reflect a combination of parameters, rather than just identifiable tumor factors
and inflammatory status. Although the DFS of patients with a PPR < 1.5 was 5 months
shorter than those with a PPR ≥ 1.5, this difference did not reach statistical significance.
We believe that this is mainly due to insufficient cohort size. However, this is also remains
to be proven in a larger study. The observation that PPR was not predictive in patients who
underwent pancreaticoduodenectomy highlights the role of splenectomy in unmasking
the thrombopoietic ability of patients with PDAC. Hence, it is plausible that PPR may
also predict long-term outcomes in other patients with cancer who undergo surgeries
involving splenectomy.

The limitations of this study include its retrospective design, and the fact that it was
conducted at a single center. Moreover, we acknowledge that the relatively small cohort
size of 106 patients in our study represents a significant drawback. This constraint might
limit the generalizability of our results, as the findings derived from a smaller sample
may not accurately reflect broader patterns and trends. Additionally, the modest cohort
size could affect the statistical power of our analyses, potentially hindering our ability to
detect more nuanced effects or associations. Therefore, we view our results as a proof of
concept. We recognize the importance of further validation and encourage other research
groups to corroborate these findings, ideally through larger-scale, prospective studies.
Such subsequent research efforts are essential to confirm and expand upon our initial
observations. The maximal platelet count after surgery may be influenced by different
protocols for blood tests in various centers. In our cohort, all patients had at least four blood
tests during the first five days after surgery; this might not be the case in other centers.
However, since post-splenectomy thrombocytosis typically persists for several weeks to
months after surgery, we believe that platelet counts obtained during clinic visits after
surgery may be used to calculate PPR with similar predictive ability. However, further
studies are needed to confirm this hypothesis.

5. Conclusions

This study identifies PPR as a novel and powerful biomarker for long-term outcomes
in patients with PDAC who undergo left pancreatectomy with splenectomy. PPR is simple
to obtain and can easily identify patients with a worse prognosis who may benefit from
aggressive follow-up and adjuvant treatments. A PPR of 1.5 was found to be an appro-
priate and convenient cutoff point for OS. Additional studies are necessary to confirm
and extend these findings, as well as to determine the generalizability of PPR to other
patient populations.
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Author Contributions: All authors critically revised the draft for important intellectual content,
approved the version to be published, and agreed to be accountable for all aspects of the work
in ensuring that questions related to the accuracy or integrity of any part of the work are appro-
priately investigated and resolved. I.N.—Writing—review and editing (revision of the work criti-
cally for important intellectual content), Supervision; H.G.—Data curation, Formal analysis; H.M.—
Investigation, Data curation; N.N.—Investigation, Data curation; P.E.—Investigation, Data curation;
O.Z.—Investigation, Visualization; L.B.—Investigation, Data curation; H.J.—Investigation, Data cura-
tion; R.E.—Validation, Writing—review and editing; R.P.—Validation, Investigation, Writing—review
and editing; N.P.—Supervision, Writing—original draft. All authors have read and agreed to the
published version of the manuscript.

https://www.mdpi.com/article/10.3390/jcm13041050/s1
https://www.mdpi.com/article/10.3390/jcm13041050/s1


J. Clin. Med. 2024, 13, 1050 10 of 11

Funding: This research received no external funding.

Institutional Review Board Statement: All methods were carried out in accordance with the Helsinki
declaration. The study was approved by the institutional review board at Sheba Medical Center. The
informed consent requirement was waived by the ethics committee for this retrospective study with
reference committee number SMC-9498-22, approval date: 3 October 2022.

Informed Consent Statement: Patient consent was waived due to the retrospective nature of
the study.

Data Availability Statement: The data are available upon request from the corresponding author.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Kamisawa, T.; Wood, L.D.; Itoi, T.; Takaori, K. Pancreatic cancer. Lancet 2016, 388, 73–85. [CrossRef]
2. Groot, V.P.; Gemenetzis, G.; Blair, A.B.; Rivero-Soto, R.J.; Yu, J.; Javed, A.A.; Burkhart, R.A.; Rinkes, I.H.M.B.; Molenaar, I.Q.;

Cameron, J.L.M.; et al. Defining and Predicting Early Recurrence in 957 Patients with Resected Pancreatic Ductal Adenocarcinoma.
Ann. Surg. 2019, 269, 1154–1162. [CrossRef] [PubMed]

3. Sabrkhany, S.; Griffioen, A.W.; Oude Egbrink, M.G. The role of blood platelets in tumor angiogenesis. Biochim. Biophys. Acta 2011,
1815, 189–196. [CrossRef] [PubMed]

4. Cho, M.S.; Bottsford-Miller, J.; Vasquez, H.G.; Stone, R.; Zand, B.; Kroll, M.H.; Sood, A.K.; Afshar-Kharghan, V. Platelets increase
the proliferation of ovarian cancer cells. Blood 2012, 120, 4869–4872. [CrossRef] [PubMed]

5. Labelle, M.; Begum, S.; Hynes, R.O. Direct signaling between platelets and cancer cells induces an epithelial-mesenchymal-like
transition and promotes metastasis. Cancer Cell 2011, 20, 576–590. [CrossRef] [PubMed]

6. Labelle, M.; Begum, S.; Hynes, R.O. Platelets guide the formation of early metastatic niches. Proc. Natl. Acad. Sci. USA 2014, 111,
E3053–E3061. [CrossRef] [PubMed]

7. Plantureux, L.; Crescence, L.; Dignat-George, F.; Panicot-Dobois, L.; Dubois, C. Effects of platelets on cancer progression. Thromb.
Res. 2018, 164 (Suppl. 1), S40–S47. [CrossRef] [PubMed]

8. Lin, R.J.; Afshar-Kharghan, V.; Schafer, A.I. Paraneoplastic thrombocytosis: The secrets of tumor self-promotion. Blood 2014, 124,
184–187. [CrossRef] [PubMed]

9. Chen, S.; Na, N.; Jian, Z. Pretreatment platelet count as a prognostic factor in patients with pancreatic cancer: A systematic review
and meta-analysis. OncoTargets Ther. 2018, 11, 59–65. [CrossRef]

10. Maraz, A.; Furak, J.; Varga, Z.; Kahan, Z.; Tiszlavicz, L.; Hideghety, K. Thrombocytosis has a negative prognostic value in lung
cancer. Anticancer Res. 2013, 33, 1725–1729.

11. Wang, L.; Sheng, L.; Liu, P. The independent association of platelet parameters with overall survival in pancreatic adenocarcinoma
receiving intensity-modulated radiation therapy. Int. J. Clin. Exp. Med. 2015, 8, 21215–21221.

12. Qi, Q.; Geng, Y.; Sun, M.; Wang, P.; Chen, Z. Clinical implications of systemic inflammatory response markers as independent
prognostic factors for advanced pancreatic cancer. Pancreatology 2015, 15, 145–150. [CrossRef]

13. Miyamoto, R.; Oda, T.; Hashimoto, S.; Kurokawa, T.; Kohno, K.; Akashi, Y.; Ohara, Y.; Yamada, K.; Enomoto, T.; Ohkohchi, N.
Platelet× CRP Multiplier Value as an Indicator of Poor Prognosis in Patients with Resectable Pancreatic Cancer. Pancreas 2017, 46,
35–41. [CrossRef]

14. Schwarz, R.E. Platelet counts and prognosis of pancreatic cancer. Lancet 1999, 353, 2158–2159. [CrossRef]
15. Xiao, Y.; Xie, H.; Xie, Z.; Shao, Z.; Chen, W.; Qin, G.; Zhao, N. Kinetics of postdiagnosis platelet count with overall survival of

pancreatic cancer: A counting process approach. Cancer Med. 2016, 5, 881–887. [CrossRef] [PubMed]
16. Kruger, D.; Lahoud, N.; Yako, Y.Y.; Devar, J.; Smith, M. Pancreatic ductal adenocarcinoma: Prognostic indicators of advanced

disease. PLoS ONE 2022, 17, e0262439. [CrossRef]
17. Luu, S.; Woolley, I.J.; Andrews, R.K. Platelet phenotype and function in the absence of splenic sequestration. Platelets 2021, 32,

47–52. [CrossRef] [PubMed]
18. Dindo, D.; Demartines, N.; Clavien, P.A. Classification of surgical complications: A new proposal with evaluation in a cohort of

6336 patients and results of a survey. Ann. Surg. 2004, 240, 205–213. [CrossRef]
19. Hothorn, T.; Lausen, B. Maximally selected rank statistics in R. R News 2002, 2, 3–5.
20. Khan, P.N.; Nair, R.J.; Olivares, J.; Tingle, L.E.; Li, Z. Postsplenectomy reactive thrombocytosis. Bayl. Univ. Med. Cent. Proc. 2009,

22, 9–12. [CrossRef] [PubMed]
21. Oida, T.; Kano, H.; Mimatsu, K.; Kawasaki, A.; Kuboi, Y.; Fukino, N.; Kida, K.; Amano, S. Thrombocytosis following splenectomy:

With or without additional organ resection. Hepatogastroenterology 2012, 59, 1033–1035.
22. Boxer, M.A.; Braun, J.; Ellman, L. Thromboembolic risk of postsplenectomy thrombocytosis. Arch. Surg. 1978, 113, 808–809.

[CrossRef]
23. Tanum, G.; Sonstevold, A.; Jakobsen, E. The effect of splenectomy on platelet formation and megakaryocyte DNA content in rats.

Blood 1984, 63, 593–597. [CrossRef]

https://doi.org/10.1016/S0140-6736(16)00141-0
https://doi.org/10.1097/SLA.0000000000002734
https://www.ncbi.nlm.nih.gov/pubmed/31082915
https://doi.org/10.1016/j.bbcan.2010.12.001
https://www.ncbi.nlm.nih.gov/pubmed/21167916
https://doi.org/10.1182/blood-2012-06-438598
https://www.ncbi.nlm.nih.gov/pubmed/22966171
https://doi.org/10.1016/j.ccr.2011.09.009
https://www.ncbi.nlm.nih.gov/pubmed/22094253
https://doi.org/10.1073/pnas.1411082111
https://www.ncbi.nlm.nih.gov/pubmed/25024172
https://doi.org/10.1016/j.thromres.2018.01.035
https://www.ncbi.nlm.nih.gov/pubmed/29703484
https://doi.org/10.1182/blood-2014-03-562538
https://www.ncbi.nlm.nih.gov/pubmed/24868077
https://doi.org/10.2147/OTT.S147715
https://doi.org/10.1016/j.pan.2014.12.004
https://doi.org/10.1097/MPA.0000000000000697
https://doi.org/10.1016/S0140-6736(05)75597-5
https://doi.org/10.1002/cam4.644
https://www.ncbi.nlm.nih.gov/pubmed/26864727
https://doi.org/10.1371/journal.pone.0262439
https://doi.org/10.1080/09537104.2020.1732322
https://www.ncbi.nlm.nih.gov/pubmed/32106750
https://doi.org/10.1097/01.sla.0000133083.54934.ae
https://doi.org/10.1080/08998280.2009.11928458
https://www.ncbi.nlm.nih.gov/pubmed/19169391
https://doi.org/10.1001/archsurg.1978.01370190030004
https://doi.org/10.1182/blood.V63.3.593.593


J. Clin. Med. 2024, 13, 1050 11 of 11

24. Wang, H.; Gao, J.; Bai, M.; Liu, R.; Li, H.; Deng, T.; Zhou, L.; Han, R.; Ge, S.; Huang, D.; et al. The pretreatment platelet and
plasma fibrinogen level correlate with tumor progression and metastasis in patients with pancreatic cancer. Platelets 2014, 25,
382–387. [CrossRef]

25. Brown, K.M.; Domin, C.; Aranha, G.V.; Yong, S.; Shoup, M. Increased preoperative platelet count is associated with decreased
survival after resection for adenocarcinoma of the pancreas. Am. J. Surg. 2005, 189, 278–282. [CrossRef]

26. Suzuki, K.; Aiura, K.; Kitagou, M.; Hoshimoto, S.; Takahashi, S.; Ueda, M.; Kitajima, M. Platelets counts closely correlate with the
disease-free survival interval of pancreatic cancer patients. Hepatogastroenterology 2004, 51, 847–853.

27. Schwarz, R.E.; Keny, H. Preoperative platelet count predicts survival after resection of periampullary adenocarcinoma. Hepatogas-
troenterology 2001, 48, 1493–1498. [PubMed]

28. Domínguez, I.; Crippa, S.; Thayer, S.P.; Hung, Y.P.; Ferrone, C.R.; Warshaw, A.L.; Castillo, C.F. Preoperative platelet count and
survival prognosis in resected pancreatic ductal adenocarcinoma. World J. Surg. 2008, 32, 1051–1056. [CrossRef] [PubMed]

29. Wildes, T.J.; DiVita Dean, B.; Flores, C.T. Myelopoiesis during Solid Cancers and Strategies for Immunotherapy. Cells 2021, 10, 968.
[CrossRef] [PubMed]

30. Mai, S.; Inkielewicz-Stepniak, I. Pancreatic Cancer and Platelets Crosstalk: A Potential Biomarker and Target. Front. Cell Dev. Biol.
2021, 9, 749689. [CrossRef] [PubMed]

31. Plantureux, L.; Mege, D.; Crescence, L.; Dignat-George, F.; Dubois, C.; Panicot-Dubois, L. Impacts of Cancer on Platelet Production,
Activation and Education and Mechanisms of Cancer-Associated Thrombosis. Cancers 2018, 10, 441. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3109/09537104.2013.827782
https://doi.org/10.1016/j.amjsurg.2004.11.014
https://www.ncbi.nlm.nih.gov/pubmed/11677994
https://doi.org/10.1007/s00268-007-9423-6
https://www.ncbi.nlm.nih.gov/pubmed/18224462
https://doi.org/10.3390/cells10050968
https://www.ncbi.nlm.nih.gov/pubmed/33919157
https://doi.org/10.3389/fcell.2021.749689
https://www.ncbi.nlm.nih.gov/pubmed/34858977
https://doi.org/10.3390/cancers10110441
https://www.ncbi.nlm.nih.gov/pubmed/30441823

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

