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Abstract

Purpose: Liver transplantation (LT) is a risky but life-saving treatment for end-stage liver disease.
Dynamic changes in systemic inflammation can inform disease progression and postoperative recovery.
This retrospective study investigated the prognostic impact of these chronological changes in patients
undergoing LT.

Methods: Infllmmatory statuses were assessed using the neutrophil-to-lymphocyte ratio (NLR),
monocyte-to-lymphocyte ratio (MLR), and platelet-to-lymphocyte ratio (PLR) measured preoperatively
(within 7 days before surgery) and postoperatively (between days 21 and 90, before any re-exploration).
Their predictive performances for three-year postoperative mortality were evaluated. Using the
best-performing index, the patients were stratified into normal (persistently low), elevated (low-to-high),
normalized (high-to-low), and persistent (persistently high) groups, and associations with mortality were
analyzed.

Results: A total of 377 patients were included. Among inflammatory indices, the NLR had the highest
mortality prediction accuracy. Patients grouped by pre- and postoperative NLR cutoffs (4.2 and 24.0)
showed significant mortality differences, with stepwise risk increases from normal to normalized and
persistent groups. The NLR-based group was an independent mortality predictor. Compared with the
normal group, the normalized and persistent groups had higher mortality, prolonged ventilation, and
longer intensive care unit (ICU) and hospital stays.

Conclusion: Dynamic changes in systemic inflammation, reflected by pre- and postoperative NLR, were
strongly associated with long-term mortality after LT. The NLR is a reliable, accessible inflammatory
marker. Elevated preoperative NLR was associated with poor outcomes, with persistent postoperative
elevation indicating a worse prognosis than normalization. NLR trajectory may help identify high-risk LT
patients and guide postoperative care.
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Introduction

Systemic inflammation contributes significantly = hepatocellular carcinoma (HCC) [1]. In cancer,

to morbidity and mortality in patients with end-stage
liver disease. Driven by ongoing liver damage and
cirrhosis, inflammation contributes to complications
including liver failure, infection, and multiorgan
dysfunction, and promotes the development of

systemic inflammation typically manifests as a
nonspecific reaction to tumor hypoxia, necrosis, or
local tissue damage [2]. Its clinical significance is
emphasized in staging systems and biomarker studies
linking it to adverse outcomes in various
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malignancies, including HCC [3, 4]. Systemic
inflammation also plays a critical role in both pre- and
post-transplantation outcomes in patients undergoing
liver transplantation (LT). Pre-transplantation values
reflect the severity of liver dysfunction and related
complications, thereby influencing surgical risk and
survival. Post-transplantation values indicate ongoing
inflammation, which contributes to graft rejection,
increases susceptibility to infections due to
immunosuppressive therapy, and increases the risk of
HCC recurrence. Therefore, careful monitoring and
management of systemic inflammation throughout
the transplantation process are essential to improve
prognosis and reduce complications.

Several readily available parameters derived
from routine complete blood counts (CBC), such as
the neutrophil-to-lymphocyte ratio (NLR) [5, 6],
monocyte-to-lymphocyte ratio (MLR) [7], and
platelet-to-lymphocyte ratio (PLR) [8], are simple and
objective markers of systemic inflammation. These
markers have been extensively studied and have been
shown to predict patient outcomes [9-11],
underscoring their clinical utility [12-14]. Their
prognostic value is comparable to those of established
factors such as multifocality [15, 16], vascular invasion
[15,17], and tumor size [18, 19].

In addition to static values, temporal changes
related to surgical progress (e.g., preoperative vs.
postoperative) have also gained relevance for
outcome prediction [20]. Studies investigating
time-dependent changes in inflammatory markers
have suggested that persistently elevated levels,
despite a reduction in disease burden, may reflect
ongoing systemic inflammation and predict poor
outcomes [3, 21].

We hypothesized that postoperative systemic
inflammation in the non-disease-bearing or
“neo-organ” state after LT may reflect intrinsic
host-related inflammatory status. Accordingly, the
normalization of systemic inflammation after surgery
may be associated with improved survival. To test
this hypothesis, we evaluated the prognostic impact
of dynamic changes in CBC-based inflammatory
markers in LT recipients, focusing on the transition
from high preoperative to low postoperative
inflammatory status.

Patients and Methods

Patient cohort and ethical considerations

This retrospective cohort study reviewed the
medical records of patients who underwent LT at the
single center between January 2016 and December
2020. Patients aged < 18 years, who underwent
reoperation, and with insufficient data to calculate

inflammatory indices were excluded. The study
protocol was approved by the Institutional Review
Board (IRB no. 4-2025-0099) of Yonsei University
Health System. Hospital Research Ethics Committee,
which waived the requirement for informed consent
because of the retrospective design. This study was
conducted in accordance with both the principles of
the Declaration of Helsinki, and reported in
accordance with the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE)
guidelines.

Data collection and measurement of
inflammation-based prognostic markers

Patient data were collected from the hospital
electronic medical records. The information retrieved
included patients’ demographic characteristics and
comorbidities, including the etiology of the
underlying liver disease, Model for End-stage Liver
Disease (MELD) score, and donor type (living/
deceased). Preoperative laboratory parameters
included hemoglobin value; platelet, white blood cell,
and differential counts; estimated glomerular
filtration rate; and glucose, creatinine, C-reactive
protein, alpha-fetoprotein, and albumin levels.
Preoperative laboratory values were defined as the
results of the most recent blood tests conducted
within one week before surgery. Postoperative
laboratory values were obtained from tests performed
21-90 days after surgery before any re-exploration.
This period was chosen because postoperative trauma
typically resolves and systemic inflammatory
responses return to preoperative levels within this
timeframe [22], while re-exploration procedures may
have affected these responses. When available, values
closest to day 21 were selected, with the actual
measurements time distribution being 23.4 + 8.6 days
(mean * SD). Postoperative complications during
hospitalization were assessed, including acute kidney
injury (as defined by the Kidney Disease: Improving

Global Outcomes guidelines) [23, 24], stroke,
myocardial infarction, heart failure, prolonged
mechanical ventilation (> 48 hours), and

re-exploration for hemostasis. Graft failure was
evaluated within three years after surgery.
Additionally, the length of stay in the intensive care
unit (ICU) and hospital, and the one-, two-, and
three-year postoperative mortality rates were
assessed. Mortality data were obtained from hospital
records or the Ministry of Public Administration and
Security. Follow-up mortality was analyzed using a
time-to-event analysis, with post-transplant survival
time defined as the period from the date of
transplantation to the date of death.
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We assessed inflammatory status preoperatively
and postoperatively using NLR, MLR, and PLR. The
NLR was calculated as the absolute count of
neutrophils (number/pl) divided by the absolute
count of lymphocytes (number/pl). The MLR was
calculated as the absolute count of monocytes divided
by the absolute count of lymphocytes (number/pl).
The PLR was calculated as the absolute count of
platelets (number/pl) divided by the absolute count
of lymphocytes (number/pl). Elevated NLR, MLR,
and PLR values were considered to reflect a highly
inflammatory state [25, 26].

Outcome assessment

The primary outcome was three-year
postoperative mortality, and our main objective was
to evaluate and compare the predictive value of
inflammatory indices (NLR, MLR, and PLR) for this
outcome. We evaluated the associations between
NLR, MLR, and PLR and three-year mortality in all
organ recipients. We identified the inflammatory
index most strongly associated with mortality and
established preoperative and postoperative cutoff
values. Based on these cutoff values, we then
stratified the patients into four groups and analyzed
the survival probabilities for each group. The
secondary outcome was the identification of risk
factors for mortality.

Statistical analysis

All statistical analyses were performed using R
4.3.2 (Vienna, Austria; http:/ /www.R-project.org/). P
< 0.05 was considered statistically significant.
Continuous variables were not normally distributed
according to the Kolmogorov-Smirnov test; therefore,
they were analyzed using the Mann-Whitney U test
and presented as medians (interquartile range).
Categorical variables were analyzed using chi-square
or Fisher's exact tests and presented as absolute
numbers (percentage). @ We  assessed  the
discriminatory ability of the inflammatory index for
predicting mortality using Harrell's concordance
index (C-index), which estimates the probability of
concordance between predicted and observed
responses. The C-index was calculated based on the
preoperative value of the inflammatory index.
Confidence intervals (CIs) and P-values for the
C-index were calculated using a bootstrapping
method with 1000 resamples. We selected the
inflammatory index with the highest C-index for
further analysis. The preoperative and postoperative
cutoff values for the selected inflammatory index
were determined using the maximally selected rank
statistical method. After classifying the patients into
four groups based on the trends of these values, we

used Kaplan-Meier survival curves with log-rank test
to evaluate the associations between these groups and
postoperative mortality. To identify the potential
prognostic factors for mortality, we performed
univariate and multivariate analyses using the Cox
proportional hazards model. Hazard ratios (HRs) and
corresponding 95% Cls were calculated.

Results

Among the initial 464 patients, 11, 3, 17, and 56
were excluded due to age < 18, re-transplantation,
death within 20 days postoperatively, and insufficient
data to calculate inflammatory indices, respectively.
The analysis included the remaining 377 patients
without missing data or loss to follow-up (Fig. 1).

Demographics and preoperative laboratory
findings

The patient characteristics and laboratory
findings are presented in Table 1. Among 377 patients,
the three-year postoperative mortality rate was 19.1%
(n = 72). Causes of death were infection (n = 51),
cancer (n = 9), cardio- or cerebrovascular events (n =
6), and other (n = 6) (Table S1). Deceased patients had
a lower BMI (body mass index), higher MELD score,
and a higher proportion of preoperative RRT (renal
replacement therapy) and transplants from deceased
donors than non-deceased patients. Additionally,
preoperative hemoglobin levels and platelet counts
were lower, whereas C-reactive levels were higher in
deceased patients.

Among the inflammatory indices, the
preoperative NLR and MLR were higher in the
deceased patients, whereas the preoperative PLR did
not differ significantly between the two groups. After
surgery, the NLR was significantly higher in deceased
patients, whereas the MLR and PLR did not differ
between the groups (Table 2).

Prognostic value of inflammatory index for
mortality

The prognostic ability of the inflammatory
indices for predicting three-year mortality was
evaluated using the C-index, which was calculated
based on the preoperative values. NLR demonstrated
the highest C-index at 0.62 (95% CI 0.55-0.69), which
was significantly higher than that of PLR (0.53 [95%
CI 0.48-0.60] P = 0.039). Although the C-index of NLR
was also higher than that of MLR (0.60 [95% CI 0.53-
0.66], P = 0.195), the difference was not statistically
significant.

In addition, in the univariable Cox analysis
identifying risk factors for mortality, preoperative
NLR (HR 1.02, 95% CI 1.00-1.03, P = 0.035) and MLR
(HR 1.26, 95% CI 1.03-1.55, P = 0.025) were
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significantly associated with mortality, whereas PLR

was not (HR 2.92, 95% CI 0.46-18.54, P = 0.256).

While both the C-index and the univariable Cox
analysis demonstrated that NLR and MLR were
significantly associated with mortality, the NLR

demonstrated the modestly higher discriminatory
performance and was significantly associated with
mortality. Given its performance and collinearity
among the indices, the NLR was selected as the
primary inflammatory index for further analysis.

Patients who underwent liver transplantation
between Jan 2016 and Dec 2020 (n = 464)

Figure 1. Flow chart.

.

Exclusion

Patients aged under 18 years (n = 11)

Patients who underwent re-transplantation (n = 3)

Patients who died within 20 days after surgery

(n=17)

Patients with insufficient data for calculating

inflammatory indices (n = 56)

Enroliment (n = 377)

—)‘ Missing data or Follow-up loss (n = 0)

End point data acquisition (n = 377) ’

Table 1. Demographic, clinical data, and laboratory findings

All (n=377) Non-deceased (n =305, 80.9%) Deceased (n =72,19.1%) P-value
Age, years 57 (51, 63) 57 (51, 62) 59 (50, 65) 0.304
Sex, male 256 (67.9) 206 (67.5) 50 (69.4) 0.756
BMI, kg/m2 23.8 (21.6, 26.1) 24.1(22.0, 26.7) 22.7 (19.9, 24.1) <0.001
Comorbidity
Hypertension 96 (25.5) 80 (26.2) 16 (22.2) 0.483
Diabetes mellitus 126 (33.4) 99 (32.5) 27 (37.5) 0.415
Chronic kidney disease 24 (6.4) 18 (5.9) 6(8.3) 0.447
RRT 41 (10.9) 28(9.2) 13 (18.1) 0.030
MELD score 13.0 (8.6, 23.5) 12.7 (8.5,21.9) 18.4 (9.4,32.9) 0.012
Etiology for end-stage liver diseases
viral/alcoholic 202/124 (53.6/32.9) 161/107 (52.8/35.1) 41/17 (56.9/23.6) 0.525/0.062
biliary/cancer 18/179 (4.8/47.5) 12/139 (3.9/45.6) 6/50 (8.3/55.6) 0.115/0.127
cirrhosis/ other 271/43 (71.9/11.4) 223/32(73.1/10.5) 48/11 (66.7/15.3) 0.274/0.251
Deceased donor 75 (19.9) 53 (17.4) 22 (30.6) 0.012
hemoglobin, g/dl 10.2 (8.6, 12.0) 10.4 (8.8,12.2) 9.6 (8.1,11.1) 0.006
platelet count, 103/ pl 72 (53, 107) 76 (53, 109) 60 (45, 96) 0.049
glucose, mg/dl 110 (92, 145) 110 (92, 145) 111 (95, 146) 0.625
creatinine, mg/dl 0.78 (0.61, 1.09) 0.76 (0.60, 1.02) 0.86 (0.64, 1.31) 0.051
eGFR 94.4 (62.8,126.9) 96.6 (67.5, 128.0) 81.6 (49.6, 115.5) 0.041
C-reactive protein, mg/L 4.0 (1.4,14.0) 3.5(1.3,12.8) 6.4(2.2,17.0) 0.025
alpha-fetoprotein, ng/dl 4.2(2.5,10.1) 41(25,9.2) 6.0 (2.3,20.5) 0.445
albumin, g/dl 3.1(28,3.5) 3.1(28,3.6) 3.2(28,3.5) 0.958

Values are median (interquartile range) or number (percent). BMI: body-mass index; RRT: renal-replacement therapy; MELD: Model for End-stage Liver Disease; eGFR,
estimated glomerular filtration rate.
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Table 2. Preoperative and postoperative inflammatory indices

All (n=377) Non-deceased (n =305, 80.9%) Deceased (n =72,19.1%) P-value
Preoperative
white blood cell (/ul) 4190 (2650, 6320) 4120 (2650,6130) 4390 (2590, 7120) 0.482
neutrophil (/pl) 2810 (1603, 4580) 2700 (1620, 4540) 3080 (1690, 5540) 0.225
lymphocyte (/pl) 700 (450, 1040) 720 (480, 1080) 520 (330, 880) 0.001
monocyte (/pl) 320 (210, 480) 320 (210, 480) 300 (210, 470) 0.745
platelet (103/pl) 72 (53,107) 76 (53, 109) 60 (45, 96) 0.049
NLR 3.83 (2.25, 8.15) 3.55 (2.14,7.29) 5.79 (3.08, 11.11) <0.001
MLR 0.46 (0.28, 0.80) 0.44 (0.27,0.74) 0.57 (0.31, 1.11) 0.011
PLR 0.11 (0.07, 0.16) 0.11 (0.07, 0.15) 0.13 (0.08, 0.20) 0.080
Postoperative
white blood cell (/l) 4980 (3650, 7010) 4950 (3670, 6970) 5280 (3500, 7530) 0.784
neutrophil (/pl) 3850 (2640, 5450) 3840 (2670, 5280) 4010 (2440, 6430) 0.522
lymphocyte (/pl) 510 (340, 740) 530 (360, 770) 400 (240, 590) <0.001
monocyte (/pl) 330 (230, 480) 340 (240, 480) 330 (200, 480) 0.155
platelet (103/pl) 148 (102, 203) 154 (112, 209) 102 (61, 184) <0.001
NLR 7.51 (4.53,13.64) 7.09 (4.42,12.06) 10.56 (4.69, 22.36) 0.009
MLR 0.62 (0.44, 1.03) 0.61 (0.43, 0.96) 0.71 (0.48, 1.30) 0.094
PLR 0.30 (0.19, 0.47) 0.30 (0.19, 0.46) 0.27 (0.16, 0.51) 0.608

Values are median (interquartile range). NLR: neutrophil-to-lymphocyte ratio; MLR: monocyte-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio.

100+
=

—

~
[4)]
|

hﬂ_‘_—ﬂﬂ-—_h

Survival probability (%)
)] (6]
(A

Log-rank test, P <0.001

Nomal (n=194, death within 3 years=21)
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Days from liver transplantation
Number at risk
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— Elevated 11 10 10 10 10 10 10
—— Normalzed 144 128 122 119 113 113 110
— Persistent 28 19 15 13 12 12 12
Total 377 343 329 323 315 310 305

Figure 2. Kaplan-Meier survival curve according to groups stratified by pre- and postoperative neutrophil-to-lymphocyte ratio (NLR) values.

Association of pre- and postoperative NLR-
based groups with mortality

To evaluate the impact of preoperative and
postoperative NLR on mortality, cutoff values were
identified using maximally selected rank statistics: 4.2
for preoperative and 24.0 for postoperative NLR.
Based on these, we classified the patients into four
groups: Normal (preoperative NLR < 4.2 and
postoperative NLR < 24.0; n = 194, 51.2%); Elevated
(4.2 and 2 24.0; n =11, 2.9%); Normalized (= 4.2 and <

24.0; n =144, 38.5%); and Persistent (= 4.2 and = 24.0; n
=28,7.4%).

The three-year postoperative mortality rates
were 10.8% (21 patients), 9.1% (1 patient), 23.6% (34
patients), and 57.1% (16 patients) in the Normal,
Elevated, Normalized, and Persistent groups,
respectively. The Kaplan-Meier survival curve
showed a significant association between the four
groups and three-year mortality (log-rank test, P <
0.001). A clear stepwise increase in mortality was
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observed from the Normal to Normalized groups
(log-rank test, P = 0.006) and further to the Persistent
group (P < 0.001). This trend highlighted a graded
association, with the Persistent group showing the
highest mortality, followed by the Normalized and
Normal groups (Fig. 2). However, the Elevated group
did not show a significant difference in mortality
compared with any other group, possibly owing to
the small sample size (n = 11) and low number of
events (n =1).

Risk factors for mortality

The multivariate Cox analysis included the
preoperative and postoperative NLR-based group
classifications, which were identified as independent
risk factors for mortality, along with BMI and platelet
count. Compared with the Normal group, the
Elevated group had a similar mortality risk, whereas
the Normalized (HR 2.22, 95% CI1.25-3.92, P = 0.006)
and Persistent groups (HR 6.41, 95% CI3.16-12.97, P <
0.001) had significantly higher risks (Table 3).

Sensitivity and subgroup analyses

Opportunistic infections occurred in 27 patients
(7.2%) between surgery and postoperative NLR
measurement: Normal group, 13 [6.7%]; Elevated
group, 0; Normalized group, 11 [7.6%]; Persistent
group, 3 [10.7%]; P = 0.684. Excluding these patients
did not alter the significance of the NLR-mortality
association in the multivariable Cox analysis (Table
S2).

In addition, a subgroup analysis comparing the
Normal and Normalized groups was conducted to
exclude the influence of underlying disease and assess
the prognostic role of inflammation resolution. The
Normalized group remained independently
associated with higher three-year mortality after
adjustment (HR 1.93, 95% CI 1.03-3.62, P = 0.040)
(Table S3 and S4).

Postoperative outcomes between pre- and
postoperative NLR-based groups

Comparison of postoperative  short-term
outcomes and one-, two-, and three-year
postoperative = mortality rates  between the

preoperative and postoperative NLR groups showed
similar characteristics and mortality rates between the
Normal and Elevated groups; therefore, these were
combined into one group. Compared with the Normal
+ Elevated group, the Normalized and Persistent
groups had significantly higher incidences of
prolonged mechanical ventilation (> 48 hours), longer
ICU and hospital stays, and higher one-, two-, and
three-year postoperative mortalities. The Persistent
group also had a significantly higher incidence of
heart failure and one-, two-, and three-year
postoperative mortality rates compared with the
Normalized group. Graft failure rate within three
years after surgery did not differ significantly
between the groups (Table 4).

Discussion

In this retrospective cohort study, we evaluated
perioperative changes in inflammatory profiles using
objective indices and assessed their association with
three-year mortality after LT. Among the three
inflammatory indices, NLR showed the modestly
higher prognostic value and was independently
associated with mortality, identifying it as the most
reliable marker. Notably, perioperative changes in
NLR were significantly associated with mortality.
Patients ~ with  increased  preoperative  and
postoperative NLR had the highest mortality and
morbidity rates, followed by those whose elevated
preoperative NLR normalized after surgery. These
two groups had worse outcomes than patients with
only postoperative elevation or consistently normal
NLR.

Table 3. Cox proportional hazard model of mortality after liver transplantation

Univariate analysis

Multivariate analysis

HR 95% CI P-value HR 95% CI P-value
BMI, kg/m2 0.87 0.81-0.93 <0.001 0.90 0.84-0.97 0.005
RRT 2.05 1.13-3.74 0.019
MELD score 1.03 1.01-1.05 0.001
deceased donor 1.94 1.15-3.25 0.013
hemoglobin, g/dl 0.86 0.77-0.96 0.007
platelet count, 103/ pl 0.995 0.99-1.00 0.061 0.99 0.99-1.00 0.042
C-reactive protein, mg/L 1.01 1.00-1.02 0.033
Pre-and postoperative NLR-based group
Normal Ref Ref
Elevated 0.88 0.12-6.53 0.899 0.78 0.10-5.83 0.808
Normalized 237 1.38-4.09 0.002 2.22 1.25-3.92 0.006
Persistent 7.79 4.06-14.96 <0.001 6.41 3.16-12.97 <0.001

BMLI: body-mass index; RRT: renal-replacement therapy; MELD: Model for End-stage Liver Disease; NLR: neutrophil-to-lymphocyte ratio.
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Table 4. Postoperative outcomes according to preoperative and postoperative NLR

Normal + elevated Normalized Persistent P-value

(n=205,54.4%) (n =144, 38.2%) (n=28,7.4%)
acute kidney injury 76 (37.1) 84 (58.3)" 17 (60.7) <0.001
stroke 0 1(0.7) 0 0.444
myocardial infarction 2 (1.0 1(0.7) 1(3.6) 0.391
heart failure 0 0 2(7.1) <0.001
ventilator care >48h 27 (13.2) 49 (34.0) 11 (39.3) <0.001
hemostatic reoperation 11 (5.4) 10 (6.9) 3(10.7) 0.519
ICU stay, day 4.0 (3.0,4.0) 5.0 (4.0,8.0)" 4.5 (3.3,9.0) <0.001
hospital stay, day 24.0 (21.0, 34.0) 31.5(22.3, 46.5) 38.0 (25.3, 61.8)° <0.001
1-year mortality 13 (6.3) 22 (15.3) 13 (46.4)"t <0.001
2-year mortality 15 (7.3) 31 (21.5)" 16 (57.1)t <0.001
3-year mortality 22(10.7) 34 (23.6) 16 (57.1)t <0.001
graft failure within 3 years 8(3.9) 6(4.2) 1(3.6) 0.986

Values are number of patients (%) or median (interquartile range). *, P <0.05 compared to the normal + elevated groups; t, P <0.05 compared to the normalized group. NLR:

neutrophil-to-lymphocyte ratio; ICU: intensive care unit.

The main objective of this study was to
investigate the prognostic impact of dynamic changes
in inflammation-based markers on mortality after LT,
addressing the limitations of previous studies focused
solely on either pre- or postoperative inflammatory
status [7, 25]. As elevated levels of inflammatory
markers at a single timepoint are associated with
worse outcomes but offer limited clinical insights, we
focused on temporal changes in inflammation given
their relevance to recovery and disease progression.

Dynamic patterns of inflammation have been
studied in various conditions, including
cardiovascular diseases and cancers, in which
inflammation itself contributes to disease progression
[20, 22, 27, 28]. Moreover, shifts in inflammatory
cytokine levels can predict recovery trajectories
[27-31]. In the present study, we analyzed
perioperative changes in the inflammatory status of
patients undergoing LT and found that these dynamic
patterns were significantly associated with long-term
postoperative mortality. Patients were categorized
into four groups based on the dynamic changes in
inflammatory status before and after LT, which were
associated with distinct mortality risks. Patients with
normal preoperative marker levels showed favorable
outcomes, even if their levels increased
postoperatively, similar to those with consistently
normal levels. In contrast, patients with elevated
preoperative marker levels had significantly higher
mortality and morbidity rates, particularly when the
levels remained elevated postoperatively. These
findings are consistent with those of a previous study
in patients with colorectal cancer [20].

Various inflammatory markers, including those
from routine blood labs and cytokine-based
inflammatory markers are commonly used to
evaluate postoperative complications, graft function,
rejection, infection, and long-term prognosis [32, 33].
Among hematological markers, the NLR has emerged

as a reliable and readily available indicator of
systemic inflammation and a valuable prognostic tool
for solid tumors [34]. Neutrophils, the most abundant
white blood cells, play key roles in innate immunity,
whereas lymphocytes support cellular immunity and
help clear malignant cells. Sustained elevation of NLR
may reflect a persistent imbalance between systemic
inflammation and immune regulation, ongoing
subclinical complications, or impaired immune
recovery, all of which could contribute to long-term
mortality. Given these roles, it is unsurprising that
elevated NLR is linked to poor prognosis, tumor
recurrence, and increased morbidity and mortality,
particularly in patients with HCC after hepatectomy,
LT, and radiofrequency ablation [10, 35, 36]. NLR can
be used to stratify patients according to tumor size,
stage, metastatic potential, and lymphatic invasion. It
is also an independent prognostic marker for overall,
cancer-free, and cancer-specific survival, and is useful
for monitoring treatment response.

The MLR has also been explored as a prognostic
marker in several cancers and is generally correlated
with inflammation and higher mortality [37, 38],
consistent with our finding of an association between
higher MLR and increased three-year mortality.
However, among various inflammatory markers, the
most appropriate indicator may vary depending on
the patient population. In the present study, although
both MLR and NLR were associated with three-year
mortality after LT in the univariable Cox analysis, the
NLR demonstrated a trend toward better prognostic
performance than the MLR. The NLR showed
relatively stronger prognostic ability and was
identified as an independent risk factor for mortality,
suggesting that it may be a more informative marker
than the MLR in this specific clinical context.

Another important aspect of this study is its
impact on organ transplantation outcomes. In
addition to disease control and overall recovery,
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successful graft integration and functional recovery
are critical, particularly given the persistent scarcity of
donor organs. This study was designed with these
principles in mind and derived clinically meaningful
findings. While prior studies have demonstrated
associations between inflammatory markers and
transplant outcomes, most have focused on
preoperative inflammation or static inflammatory
levels. In contrast, the present study evaluated the
impact of perioperative changes in systemic
inflammation on patient outcomes following
transplantation. Emerging evidence across diverse
clinical settings supports a mechanistic role for
dynamic inflammatory changes before and after
surgery in disease progression. Notably, in patients
with HCC undergoing liver resection outside the
transplantation  setting, surgical stress-induced
inflammation has been shown to promote immune
dysregulation, with perioperative changes in the NLR
associated with an increased risk of tumor recurrence
[39]. Consistent with these findings, our findings
highlight the potential importance of anti-
inflammatory drug interventions in preventing
recurrence after LT. While non-steroidal anti-
inflammatory drugs, aspirin, and histamine-2-
receptor antagonists have been shown to attenuate
host-mediated inflammatory responses and may help
reduce the risk of cancer recurrence [3, 11, 20], the
optimal target population and most appropriate
disease type for such interventions remain unclear.
Our findings suggest that patients with a high
postoperative inflammatory state may be key
candidates for such therapies. Nevertheless, other
treatment modalities, including chemotherapy,
radiotherapy, and immunotherapy, should be
considered in conjunction with anti-inflammatory
strategies. Furthermore, the potential synergistic
effects of combining anti-inflammatory interventions
with  established  treatments merit further
investigation.

This study has some limitations. First, owing to
the retrospective single-center design, our data were
prone to bias; thus, the prognostic significance of the
dynamic NLR requires independent confirmation in
larger longitudinal multicenter studies. Second,
reported NLR thresholds vary across studies,
underscoring the need for standardization. The 4.2
threshold identified in a single-center study is
informative, but requires validation in broader
populations. Nevertheless, as previous studies
proposed NLR cutoffs of = 5 [10, 36], our finding
appears reasonable and consistent with the existing
literature. Although the C-index showed acceptable
discriminatory ability, it did not reach the level
generally  considered  sufficient for clinical

decision-making; therefore, its predictive value
should be interpreted with caution. Third, the study
cohort comprised patients with HCC of various
etiologies, with tumor stages that were not uniform.
Therefore, our conclusions require replication within
more homogeneous HCC subgroups. Further research
is also needed to elucidate the prognostic significance
of dynamic changes in inflammation with respect to
the patient's HCC type, tumor burden, and
characteristics. Fourth, the small sample size in the
Elevated (n = 11) and the Persistent (n = 28) groups
may limit the reliability of statistical inferences and
could lead to inflation of the hazard ratio estimate.
Therefore, these results should be interpreted with
caution. Lastly, NLR, MLR, and PLR are simple,
objective, and cost-effective inflammatory markers
derived from routine blood tests, but monitoring
changes in pro- and anti-inflammatory cytokines may
provide deeper understanding of postoperative
inflammatory responses in organ recipients.

In conclusion, our study demonstrated that
dynamic changes in inflammatory status, as reflected
by preoperative and postoperative NLR, effectively
predict three-year mortality in patients undergoing
LT. NLR had the highest prognostic value and was
independently associated with mortality, indicating
that it is the most reliable marker in this population.
The measurement of systemic inflammation via the
NLR is simple and reliable and can be easily
integrated into existing risk stratification strategies.
This approach may help clinicians better predict
outcomes and guide postoperative management in
this high-risk group.
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