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Abstract

BACKGROUND

The use of biomarkers, such as the neutrophil-to-lymphocyte ratio (NLR) and the
neutrophil-to-platelet ratio (NPR), has shown promise in evaluating early
outcomes after medical, interventional, and surgical treatments. NLR has emer-
ged as an indicator of systemic inflammation and physiological stress. NPR has
emerged as a potential indicator of inflammation and thrombotic risk in the
context of surgical and radiological procedures.

AIM

To analyze the correlation of NLR and NPR with the development of post-liver
transplantation (LT) early complications after stratification for hepatocellular
carcinoma diagnosis.

METHODS

Consecutive patients undergone LT between January 2019 and December 2023
were enrolled. Data regarding the concentration of hemoglobin and the differ-
ential leukocyte count on postoperative days (POD) 0, 1, 3, and 5 were collected.

RESULTS

The dataset included 161 consecutive patients undergone LT. Clavien-Dindo IV-V
complications had a good correlation with NLR POD 1 (P = 0.05), NLR POD 3 (P <
0.001), NLR POD 7 (P < 0.001), NPR POD 3 (P < 0.001). In addition, the NPR ratio
on POD 3 correlated with the onset of 30-day hemorrhage (P = 0.009). Finally, 30-
day mortality had a significant association with the NLR POD 1 (P = 0.03) and
with NLR POD 7 (P = 0.004), while NPR had a significant correlation with 30-day
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mortality in NPR POD 7 (P = 0.004).

CONCLUSION
The analysis of NLR and NPR are strictly correlated with Clavien-Dindo IV-V complications and 30-day post-LT
death.

Key Words: Liver transplantation; Immunobiomarkers; Neutrophil-to-lymphocyte ratio; Neutrophil-to-platelet ratio; Post-
operative complications

©The Author(s) 2025. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The neutrophil-to-lymphocyte ratio (NLR) and neutrophil-to-platelet ratio (NPR) are emerging biomarkers used to
predict early outcomes following liver transplantation. Elevated NLR indicates systemic inflammation, which can signal
complications like infection or rejection. High NPR values can reflect underlying inflammation and potential vascular
complications. Both ratios are calculated from routine blood tests, making them cost-effective and readily available. Studies
suggest that higher pre-transplant NLR and NPR levels are associated with increased risk of poor graft function, longer
hospital stays, and mortality. Monitoring these ratios helps in identifying at-risk patients, guiding post-operative care, and
improving overall transplant success.
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INTRODUCTION

Liver transplantation (LT) represents a life-saving treatment for patients with advanced liver diseases. However, despite
advancements in surgery and immunosuppressive therapies, the long-term success of this intervention can be
compromised by early post-operative complications and inadequate inflammatory and immune responses[1]. The early
identification of patients at risk of complications is crucial for increasing clinical-laboratory surveillance and reducing the
rate of failure to rescue. The use of biomarkers, such as the neutrophil-to-lymphocyte ratio (NLR) and the neutrophil-to-
platelet ratio (NPR), has shown promise in evaluating early outcomes after medical, interventional and surgical treat-
ments|[2].

NLR, defined as the ratio between the number of neutrophils and the number of lymphocytes in peripheral blood, has
emerged as an indicator of systemic inflammation and physiological stress. In patients undergoing LT, NLR may reflect
the degree of inflammatory reaction associated with surgery, immune response to the transplanted graft, and the
presence of post-operative complications[3]. Numerous studies have demonstrated a correlation between high NLR and
an increased risk of early complications, including infection and tumor recurrence[4]. Furthermore, a high value of NLR
has been associated with an unfavorable prognosis and reduced survival in the post-surgical period. Therefore,
monitoring NLR in patients undergoing LT can provide valuable information for identifying patients at risk of deve-
loping early complications and for optimizing post-operative management[5].

Similarly, NPR, representing the ratio between the number of neutrophils and the number of platelets in peripheral
blood, has emerged as a potential indicator of inflammation and thrombotic risk in the context of surgical and radio-
logical procedures[6]. Platelets play a fundamental role in coagulation and inflammatory response, and an altered ratio of
neutrophils to platelets may reflect an imbalance in the inflammatory cascade and coagulation associated with cardiova-
scular disease and cerebrovascular events[7,8]. Clinical studies have shown that a high NPR is also associated with a
higher incidence of post-operative complications and a longer hospitalization[9]. Additionally, NPR has been correlated
with an unfavorable prognosis and reduced survival in the malignancy diagnosis[10]. Therefore, monitoring NPR may
represent a useful tool for assessing thrombotic and inflammatory risk in patients undergoing LT and for the early identi-
fication of post-operative complications.

However, it is important to emphasize that the interpretation of results obtained using NLR and NPR should be
performed with caution, considering several factors that may influence the levels of these biomarkers. The presence of a
neoplasia as hepatocellular carcinoma (HCC) may influence the inflammatory and immunological profile of patients,
thereby altering NLR and NPR values[11]. Additionally, the onset of acute complications in the post-LT period could
modify the levels of these markers. Currently, there is a lack of consistent data in the literature evaluating the role of
immunological biomarkers in LT. The aim of our study is to analyze the correlation of NLR and NPR with the develop-
ment of post-LT early complications after stratification for HCC diagnosis.
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MATERIALS AND METHODS

Consecutive patients undergone LT with whole graft from a deceased donor between January 2019 and December 2023 in
the Liver Transplant Unit of the Polyclinic “A. Gemelli” Foundation were enrolled. The LT cases with history of
Coronavirus Disease 2019 (COVID-19) syndrome in the donor or in the recipient and the donor grafts undergone a
machine perfusion treatment were excluded. This choice was made to avoid factors that could alter cellular elements’
concentration and blood distribution in the early post-transplant period. Clinicopathological characteristics of the patients
were recorded and compared. The variables analyzed were sex, age, type of cirrhosis, diabetes, number of packed red
blood cell unit transfused, duration of the surgical procedure, post-LT length of stay (LOS), 30-days post-LT complic-
ations according to the Clavien-Dindo classification[12], 30-days death. Furthermore, data regarding the concentration of
hemoglobin and the differential leukocyte count on postoperative days (POD) 0, 1, 3, and 5 were collected. In particular,
the concentration of neutrophils, lymphocytes and platelets was used to develop the NLR and NPR. This study protocol
was reviewed and approved by the local Institutional Research Ethic Committee. This research, involving human
participants, adhered to the Declaration of Helsinki guidelines. Artificial intelligence was not used at any stage of the
development of this project.

Transplant organization

The matching between donor and recipient was carried out by first considering blood group typing according to the ABO
system. Subsequently, the recipient’s body size requirement and clinical needs were evaluated. LT was performed by
three surgeons working in the same group. In a few cases a temporary vascular bypass was obtained through a
portocaval anastomosis or an extracorporeal circulation.

Immunosuppressive protocol

Immunosuppression was initiated in the 1 POD using tacrolimus, according to the weight of the patient. Blood
tacrolimus concentration goal was set between 6 and 8 ng/mL. The induction immunosuppressive therapy involved the
administration of methylprednisolone at 160 mg, reduced to 10 mg starting from the 4* POD and discontinued after 2
months from the LT. Mycophenolate mofetil was included in the immunosuppression protocol and was discontinued if
the leukocyte blood concentration fell below 2 x 10° g/dL.

Statistical analysis

Clinical data were collected in an anonymized center database. Included variables were analyzed with a Student’s t-test
or a Mann-Whitney test. Factors correlated with the endpoints were used for a linear regression pondered with the age of
the patients and the diagnosis of HCC. Afterwards, a binomial logistic regression was used to estimate the sensibility and
the specificity of humoral biomarker through a receiving operating characteristic curve. The P value < 0.05 was con-
sidered significant. The area under the receiving operating characteristic curve is evaluated reasonable with a value over
0.7. Jamovi® version 2.3.28 was used for statistical analysis.

RESULTS

The dataset included 161 consecutive patients undergone LT. Three cases of retransplant were excluded. Moreover, 3
cases of COVID-19 syndrome in donor o recipient were excluded, to avoid variability of the leukocytes due to the viral
infection. The final cohort of the study accounted 155 LT from Liver Transplant Unit of “Agostino Gemelli” Polyclinic in
Rome. All the clinical parameters are shown in Table 1. The mean age of the recipients was 58.1 years (54-65 years) and
127 of them (81.9%) were male. The mean model for end stage disease score was 21.6 (15-26). The indications for LT were:
Alcohol (35.5%), metabolic syndrome (22.6%), hepatitis C virus infection (16.1%), hepatitis B virus infection (11%), biliary
cirrhosis (5.2%), hemochromatosis (3.5%), cryptogenic cirrhosis (2.6%), acute liver failure (1.3%), and autoimmune
cirrhosis (0.6%). HCC was diagnosed in 55.5% of LT cases. Postoperative complications were registered in 28.7% of LT. In
particular, complications Clavien-Dindo III-V were seen in 10.2% of cases, with a percentage of 4.2% for complications
Clavien-Dindo IV-V. Infections were the most recurrent complication with a rate of 25% of cases. Instead, the severe
infections or sepsis were identified in 4% of cases. Hemorrhage was present in 3.8% of cases. Among the LT-specific
complications, acute rejection was recognized in 7.5%. On the other hand, the 30-day mortality rate was 3.2%.

The absolute values of lymphocytes, neutrophils, and platelets showed no significant correlation with the outcomes.
Specifically, univariate analysis between lymphocyte concentrations on POD 1, 3 and 7 and Clavien-Dindo grade IV-V
complications presented P values of 0.16, 0.09, and 0.08, respectively. Neutrophil concentrations on POD 1, 3 and 7, in
correlation with Clavien-Dindo grade IV-V complications, gave P values of 0.14, 0.09, and 0.07. Finally, the ratios between
platelet concentrations on POD 1, 3 and 7 and Clavien-Dindo grade IV-V complications produced P values of 0.19, 0.1,
and 0.09, respectively.

On the other hand, Clavien-Dindo IV-V complications had a good correlation with high values of NLR POD 1 (P =
0.05), NLR POD 3 (P < 0.001), NLR POD 7 (P < 0.001), and NPR POD 3 (P < 0.001). Specifically, the NPR ratio on POD 3
correlated with the onset of 30-day hemorrhage (P = 0.009). Finally, 30-day mortality had a significant association with
the high NLR POD 1 (P = 0.03) and with high NLR POD 7 (P = 0.004), while high NPR had a significant correlation with
30-day mortality in NPR POD 7 (P = 0.004). The significant resulting ratios were correlated with LOS. Weighted linear
regression adjusted for patient age and stratified by HCC diagnosis found a significant correlation between high NPR on
POD 1 and LOS (P < 0.001) (Figure 1A). The same correlation was observed between high NPR on POD 7 and LOS (P <
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Table 1 The clinical parameters, n (%)

Characteristics (n = 155) Patients P value
Donor age, median (IQR) 68 (56-78)
Donor BMI, median (IQR) 24 (21-27)
ECD 48 (31)
Recipient age, median (IQR) 58.1 (54-65)
Recipient male gender
Female 28 (18.1) 0.0017
Male 127 (81.9)
Recipient BMI, median (IQR) 26 (22-29)
MELD at listing, median (IQR) 18 (11-26)
MELD at LT, median (IQR) 21.6 (15-32)
Main indication to LT 0.038
Alcohol 55 (35.5)
Hepatitis C virus disease 25 (16.1)
Hepatitis B virus disease 17 (11)
MAFLD 34 (22.6)
Cholestatic 8(5.2)
Cryptogenic 4(2.6)
Haemochromatosis 6 (3.9)
Acute liver failure 2(1.3)
Autoimmune 1(0.6)
HCC co-indication 86 (55.5)
Intra-operative RBC transfusions, median (IQR) 4(0-12)
30-day Clavien-Dindo complications
LB 72 (46.5) 0.002
Iv-v 7 (4.5)
30-day infection 39 (25.2)
30-day sepsis 6(4)
30-day hemorrhage 6(4)
Post-LT ICU stay, median (IQR) 7 (2-16)
Post-LT LOS, median (IQR) 18 (14.5-28)
Acute rejection diagnosis 12 (7.7)
30-day patient death 5(3.2)
30-day graft loss 6 (3.9)

IQR: Interquartile range; BMI: Body mass index; ECD: Extended criteria donors; MELD: Model for end-stage liver disease; LT: Liver transplant; MAFLD:
Metabolic associated liver disease; HCC: Hepatocellular carcinoma; RBC: Red blood cell; ICU: Intensive care unit; LOS: Length of stay.

0.001) (Figure 1B). Furthermore, the predictive ability of the analyzed ratios on the onset of the analyzed outcomes was
evaluated through binomial logistic regression. High NPR on POD 7 exhibited a specificity and sensitivity in diagnosing
Clavien-Dindo grade IV-V complications of 98.4% and 31.8%, respectively. The Z value was 4.23, with a P value of < 0.001

and an R2 value of 0.21 (Figure 2).
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Figure 1 Linear regression curves about the correlation between length of stay and neutrophil-to-platelet ratio. A: Postoperative day 1; B:
Postoperative day 7. LOS: Length of stay; NPR: Neutrophil-to-platelet ratio; POD: Postoperative days.
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Figure 2 Receiver operating curve. Specificity and sensitivity of neutrophil-to-platelet ratio in postoperative day 7 predicting 30-day Clavien-Dindo V-V
complications. AIC: Akaike information criterion; MCF: Mc Fadden; CS: Cox and Snell.

DISCUSSION

This study has demonstrated the predictive value of common biomarkers, which show clinical significance in correlating
with fundamental clinical outcomes when compared with each other. In particular, high NLR and NPR ratios on POD 1, 3
and 7 have shown satisfactory results in predicting prolonged LOS, the development of 30-day severe complications, or
30-day patient mortality. The intuition behind the use of immunological markers dates back several years. The influence
of interactions among immune cells on clinical outcomes was a niche topic until 2008. This year, several groups began to
publish work specifically in hepatobiliary surgery. Thus, the importance of the NLR ratio as a prognostic factor in hepatic
resections for both HCC and colorectal liver metastases was demonstrated[13,14]. Over time, the application of NLR and
NPR ratios has expanded to other medical fields. In the neurological field, NLR has shown reliable prognostic power
following thrombolysis in acute ischemic stroke[15]. In a retrospective study involving 117 patients, the NLR ratio has
also been shown to predict early perihematomal edema expansion following intracerebral hemorrhage reliably[16]. In the
cardiological context, furthermore, the NLR ratio was associated with hospitalization and long-term prognosis in patients
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with acute myocardial infarction after percutaneous coronary intervention[17]. In various fields of abdominal surgery,
immune markers have consistently correlated with surgical outcomes and survival[18-20]. In our cohort, NLR and NPR
ratios have confirmed their utility in predicting the complexity of surgical outcomes. Thus, it is desirable to stratify post-
surgical risk, thereby focusing surveillance on patients who are at higher risk. The correlation between inflammatory
markers and mortality aligns precisely with correlations observed with severe postoperative complications: Patients at
higher risk of severe complications also exhibit higher mortality rates. Identifying an at-risk population by analyzing NLR
and NPR also allows for a tangible advantage in reducing failure-to-rescue. The literature shows that NLR and NPR
ratios are closely correlated with the patient’s nutritional status. Zhang et al[21] demonstrated the high prognostic value
of NLR in a large population of patients with neoplastic cachexia. Therefore, patients on the waiting list for LT could
benefit from NLR to further analyze the pre-LT metabolic status and directly correlate it with post-LT prognosis.

Inflammatory markers are increasingly significant in the oncological field as well. A 2022 study demonstrated that a
reduced concentration of lymphocytes correlates with an incomplete response to liver-directed chemotherapy for HCC,
increasing the risk of patient dropout while awaiting LT[22]. Subsequently, a prospective study involving 157 patients
with HCC confirmed the prognostic role of inflammatory markers and demonstrated the predictive role of lymphocyte
concentration in the success of transarterial chemoembolization[23]. Considering the evidence in the literature, our cohort
was stratified based on the diagnosis of HCC. This approach helps to avoid selection bias among patients with HCC who
were listed for LT after responding to downstaging treatment for HCC. The relationship between inflammatory markers
and HCC has also been observed in hepatic resection surgery. Chen et al[24] demonstrated that patients with a high NLR
level have a worse prognosis after hepatic resection for HCC. In a 2024 review, the influence of inflammatory processes
on the surgical and oncological prognosis of HCC has been definitively recognized[25].

However, the most important studies on HCC do not involve patients undergoing LT. Our study is among the first to
correlate post-LT 30-day outcomes with inflammatory markers. Our work confirmed that NLR and NPR have good
predictive value not only for survival outcomes but also for the onset of severe complications within the first 30 days after
LT. This result was not so obvious considering the goal of immunosuppression achieved with dedicated drugs in
transplant patients. The high specificity achieved by NPR on POD VII towards severe complications also allows for
optimal management of clinical resources for patients at higher risk of complications, allowing for more precise and
personalized post-LT management. The determined advantages can be immediately utilized in any LT center, as no
additional analysis is required beyond laboratory tests performed protocol-wise. Furthermore, the parameters are
reproducible and comparable, as the complete blood count with leukocyte differential presents a low variability rate[26].

However, the blood count test results and related inflammatory markers can be altered by acute events such as
infections, acute rejection, or the toxic effect of immunosuppressive drugs. A future study could be developed to evaluate
the impact of acute events on the predictive power of inflammatory biomarkers. Another limitation of this work is the
retrospective nature of the data, which may affect the accuracy of the recorded biochemical and clinical parameters.
Furthermore, the single-center origin of the data could be an additional limitation to data interpretation due to a reduced
number of enrolled cases and the application of a constant post-LT management protocol. Despite these limitations, the
use of biomarkers such as NLR and NPR offers a non-invasive and convenient approach to assessing the risk of early
complications and prognosis in the post-LT period. Integrating these markers into post-operative monitoring protocols
could allow for more timely and targeted management of complications, thereby improving outcomes for patients
undergoing this life-saving procedure.

CONCLUSION

The analysis of NLR and NPR are strictly correlated with Clavien-Dindo IV-V complications and 30-day post-LT death.
These ratios can be integrated into clinical practice to improve the management and outcomes of patients undergoing LT.
Further research is needed to confirm the accuracy of the markers as prognostic indicators in patients undergoing LT and
to identify any interactions with other risk factors and outcome predictors.
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