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hepatocellular carcinoma recurrence and survival after
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Backgrounds/Aims: The role of inflammation in malignant cell proliferation has been well described. High values of platelet-to-lym-
phocyte ratio (PLR) and neutrophil-to-lymphocyte ratio (NLR) as markers of systemic inflammation have shown associations with
unfavorable long-term outcomes. The purpose of this study was to determine values of NLR and PLR evaluated prior to and after sur-
gery and their associations with mortality and recurrence rates of liver transplant patients with hepatocellular carcinoma (HCC).
Methods: A total of 105 patients with HCC who underwent orthotopic liver transplantation (OLT) were retrospectively reviewed.
NLR and PLR values were obtained from complete blood counts prior to and after surgery. Overall survival (OS) and recurrence-free
survival (RFS) in relation with delta NLR and PLR were estimated.

Results: Serum alpha-fetoprotein levels > 100 ng/mL (p = 0.014) and lymphovascular emboli in the specimen (p = 0.048) were identi-
fied to be significant predictors of RFS. Child-Pugh score (p = 0.016) was found to be an independent factor associated with poorer OS.
An increasing delta PLR was associated with worse RFS, although it showed no significant association with OS.

Conclusions: The analysis of PLR as a continuous variable may predict recurrence outcomes in patients undergoing OLT for HCC. It

is more representative than isolated values.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the sixth most common
cancer and the fourth leading cancer in mortality worldwide
[1]. Each year, approximately 750,000 new cases of HCC are
diagnosed [1]. It has been identified as the primary cause of
mortality in cirrhotic individuals. Its incidence is predicted to
increase in the future [2].

Liver resection (LR), orthotopic liver transplantation (OLT),
radiofrequency ablation (RFA), transarterial embolization
(TAE)/transarterial chemoembolization (TACE), radiation
therapy (RT), systemic therapy, and best supportive care are
current therapeutic options for HCC [3]. Currently, only LR,
RFA, and OLT are curative therapies for HCC [1,4,5]. In theory,
OLT is considered the “gold standard” because it can cure both
the tumor and the underlying cirrhosis simultaneously [6]. The
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Milan criteria are the benchmark to offer the best post-OLT
survival in HCC (> 70% of 5-year survival with a recurrence
rate < 10%-15%) [4]. In spite of available therapies, prognosis
of HCC after treatment remains poor due to multi-centricity of
HCC in a cirrhotic liver with a low disease-free survival (DFS)
rate generally. Thus, risk stratification and patient selection for
potentially curative resection among other factors are crucial.
Multiple factors associated with aggressiveness and progression
of HCC, such as tumor number, size, macrovascular invasion,
and serum alpha-fetoprotein (AFP) levels, have been reported
[7]. Identifying other predictors such as biological serum mark-
ers for HCC recurrence and survival remains a subject of active
research by the scientific community.

The role of systemic inflammation in malignant cell prolif-
eration and survival has been well described. Inflammatory
injury secondary to malignant processes results in the up-reg-
ulation of cytokines, causing an increased risk for malignancy
by several pathways: suppression of apoptosis, angiogenesis, and
direct DNA damage [8,9]. Neutrophil-to-lymphocyte ratio (NLR)
and platelet-to-lymphocyte ratio (PLR) have gained significant
scientific spotlight in the last several years. Multiple studies have
suggested that elevated values of NLR and PLR are associated
with poor long-term results after a curative-intent surgery for
patients with several different oncologic afflictions [10,11].

NLR and PLR have been reported to be independent factors
for HCC recurrence and survival [10,12]. However, the prog-
nostic role of NLR and PLR obtained at different stages of
surgical treatment remains unknown. Cut-off values are yet
to be established for both of these variables regarding HCC.
Delta NLR/PLR, or the difference between their postoperative
and preoperative values, can be expressed as an increasing
or decreasing trend. If we consider disease and treatment of
patients not as static elements, but rather as dynamic factors
which constantly interact with each other, we must take into
consideration changes in inflammatory parameters before and
after treatment. Delta NLR is correlated with survival and re-
currence in other pathologies such as oesophageal cancer [13].

Thus, the purpose of the present study was to determine the
prognostic usefulness of NLR and PLR, their trend (delta NLR/
PLR) measured at two points (before and after surgery), and
their relationship with mortality and recurrence rates in liver
transplant patients with HCC.

PATIENTS AND METHODS

Population

This retrospective, single-center study included all adult (>
18-year-old) patients registered to our hospital’s healthcare sys-
tem who underwent OLT for HCC between 2007 and 2018. In-
formation was gathered from the institutional electronic health
records. Imaging/procedure reports, admission notes, intraop-
erative and postoperative findings, and discharge summaries
were input into a retrospective electronic database. This study’s

conduct was approved by the Institutional Ethics Committee
for Investigative Protocols (no. 3474).

Primary end-points were overall survival (OS) and recur-
rence-free survival (RFS) in relation with delta NLR and PLR.
Secondary end-points were variables associated with mortality
and recurrence.

Baseline characteristics such as patient sex, age, liver fibrosis,
and cirrhosis etiology were obtained. Child-Pugh score and
Barcelona Clinic Liver Cancer classification (BCLC) at the
moment of diagnosis were recorded. “Bridging” therapies such
as TACE and transarterial radioembolization (TARE) were
also recorded. Vascular invasion, Edmondson-Steiner grade,
number of tumors, and the largest tumor were determined by
reviewing pathology reports.

Staging was performed using a combination of blood tests,
ultrasonography (fibroscan), computed tomography, positron
emission tomography scans, and magnetic resonance imaging
according to the BCLC based on tumor size, underlying liver
disease, and patient’s functional status. LR, RFA, and OLT
were considered primary treatment methods [5,14]. Alternative
therapies included TAE/TACE and multiple tyrosine kinase
inhibitors such as sorafenib when curative treatment was not a
feasible option [15].

All patients were enrolled in the transplant wait list and as-
signed points via Milan exception rules according to Argentin-
ian transplantation laws. Patients received OLT in accordance
to Milan criteria. After discharge, patients were regularly
followed-up by a multidisciplinary team, including attending
surgeons and hepatologists. Follow-up visits were performed
weekly in the first two months and monthly thereafter.

Recurrence was defined as clinical or radiological evidence
of tumoral relapse after adequate treatment following a dis-
ease-free period of time. The date of recurrence was defined
as the date on which the recurrence was confirmed based on
radiological findings. The DFS period was calculated from the
day of the OLT to the date of the first recurrence or until the
loss of follow-up. OS was defined as the time between OLT and
subject death of any cause.

Laboratory data

AFP values closest to the OLT were obtained. NLR and PLR
values were obtained preoperatively within one month prior
to surgery and postoperatively at approximately 90 days after
surgery. All complete blood counts (CBC) obtained within the
specified period were assessed. NLR and PLR were calculated
for each CBC by dividing the absolute neutrophil and platelet
value by the absolute lymphocyte count, respectively. Their
highest values within the specified time frame were used for
analysis. Delta NLR or PLR was calculated as the difference
between postoperative NLR or PLR and preoperative NLR or
PLR. Delta NLR and delta PLR were expressed as numerical
values as well as categorical variables with “increasing” (> 0) or
“decreasing” (< 0) trends.
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Exclusion criteria

Patients < 18 years were excluded. Patients who underwent
“curative treatments” before OLT (LR and/or RFA), patients
with a prior OLT, and patients with an anatomical and patho-
logical findings of mixed “hepatocholangiocarcinoma” were
also excluded. OLT patients with HCC that lacked proper pre-
operative and/or postoperative follow-up and lab results were
also excluded.

Statistical analysis

Data are presented as either mean and standard deviation or
median and interquartile ranges for continuous variables and
proportions in the case of discrete variables as appropriate. To
compare survival between delta NLR/PLR groups, Kaplan-
Meier plots and log-rank tests were employed. Multivariate
Cox regression analysis was performed to identify independent
predictors of OS and RFS.

A p-value of less than 0.05 was considered statistically sig-
nificant. All analyses were performed using Stata 14 software
(StataCorp, College Station, TX, USA). Missing values consti-
tuted less than 10% of the study sample.

RESULTS

Baseline characteristics

Of 105 OLT with HCC in the database, only 94 pathological
specimens met our inclusion and exclusion criteria (Fig. 1).
Two patients were excluded for being under 18 years, one was
excluded on the basis of anatomical and pathological findings,
and another subject was excluded because of a prior OLT.
Seven were omitted due to insufficient information in their
medical records. Baseline characteristics of patients analyzed
in this study are shown in Table 1. Of 94 subjects selected for
this study, the mean age was 58 years at the time of diagnosis,
72 patients (76.6%) were male. A total of 92 (97.9%) patients

| 105 OLT | | Excluded |
- | 2 Patients under 18 years |
| 103 OLT |
| 1 Prior OLT |
-
|1 Hepatocholangiocarcinoma|
| 101 OLT |
- | 7 Missing bloodwork |
| 94 OLT |

Fig. 1. Selection of patients included in this study. OLT, orthotopic liver
transplantation.
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had cirrhosis. The majority (71.3%) of them were transplanted
with a BCLC staging A, 17.0% with a BCLC 0 (16 patients), and
11.7% with a BCLC B. A total of 51 (54.3%) patients underwent
bridging therapy (either TAE, TARE, TACE, or alcoholization).
Regarding specimen analysis, most samples corresponded to
Edmondson-Steiner grades II and III (45.7% and 33.0%, re-
spectively). Thirty-seven (39.4%) patients showed lymphovas-
cular invasion/emboli. NLR, PLR, delta NLR/PLR, and their
trends are presented in Table 2. Delta NLR was 0.30, with an
increasing trend in 41 patients. Median delta PLR was 3,282.43,
with 70 (74.5%) patients having an increasing trend.

OS for these patients at 1, 3, and 5 years were 86.3%, 75.3%
and 70.1%, respectively. Mean follow-up time was 45.16
months. RFS rates at 1, 3, and 5 years were 97.5%, 88.4%, and
82.2%, respectively. OS and RFS Kaplan-Meier graphs are
shown in Fig. 2 and 3, respectively.

Table 1. Patient and procedure characteristics (total = 94)

Characteristic Value
Sex (male) 72 (76.6)
Age (yr) 5837 +11.66
Neoadjuvant chemotherapy 51 (54.3)
Edmondson-Steiner
| 5(5.3)
I 43 (45.7)

1l 31(33.0)
\Y 15(16.0)
Largest nodule (mm) 29.590 +23.28
Tumor size (mm) 36.48 +23.70

Tumor number

1 49 (52.1)

2-3 31(33.0)

More than 3 14 (14.9)
Cirrhosis 92 (97.9)
BCLC

0 16 (17.0)

A 67 (71.3)

B 11(011.7)

@ 0(0)

D 0(0)
Child-Pugh

A 33(35.1)

B 33(35.1)

C 28 (29.8)
AFP

<400 78 (83.0)

> 400 10(10.6)
Lymphovascular invasion 37(39.4)
Follow-up time (mon) 45.16 (17.33-62.6)

Values are presented as number (%), mean + standard deviation, or
median (interquartile range).
BCLC, Barcelona Clinic Liver Cancer classification; AFP, alpha-fetoprotein.
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Table 2. NLR and PLR ratios and deltas in orthotopic liver transplantation
patients

Variable Value

4.04 (0.58-58.82)
4.34 (0.58-48.65)
0.30 (-54.82-31.50)
41 (43.6)
5,845.82 (972.25-120,759.5)
9,214.333 (301.6453-41,325.72)
3,282.43 (-114,116-38,377.55)
70 (74.5)

Preoperative NLR
Postoperative NLR
Delta NLR
Increasing trend
Preoperative PLR
Postoperative PLR
Delta PLR
Increasing trend

Values are presented as median (interquartile range) or number (%).
NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio.

Cox regression analysis for overall survival and
recurrence-free survival

Univariate analysis using Cox regression was performed for
several variables. Results are presented in Table 3. A higher
Child-Pugh score (p = 0.023) and a greater total tumor size
(sum of maximum diameters of nodules in imaging studies) (p
= 0.05) were identified as relevant factors for OS. AFP levels >
100 ng/mL (p = 0.014), lymphovascular invasion/emboli (p =
0.048), and an ascending/positive delta PLR trend (p = 0.032)
were associated with poorer RFS. An increasing trend in both
delta NLR and PLR failed to show statistical significance (p =
0.069 and p = 0.302, respectively) in OS. These variables were
also assessed for their association with RFS rates.

Multivariate analysis was carried out for both OS and RFS.
Only a higher Child-Pugh score (p = 0.016) was found to be
an independent factor associated with poorer OS. AFP levels
> 100 ng/mL (HR, 3.91; 95% CI, 1.18-12.95; p = 0.026) and an
ascending delta PLR (HR, 3.46; 95% CI, 1.04-11.49; p = 0.042)
were independent predictors of RFS. These results are also pre-

0.75
5
(e}
£ 0.50 A
n
s
[\4
0.25 A
0 20 40 60
No. at risk Time (mon)
94 64 42 25

Fig. 2. The Kaplan-Meier curve showing recurrence-free survival (RFS)
of orthotopic liver transplantation (OLT) patients.

sented in Table 3. Delta NLR/ PLR was used in lieu of pre- and
post-operative PLR in the regression analysis because the same
values were used to calculate delta PLR. Inclusion of these
values would make the regression redundant and decrease its
power with little or no benefit.

Relationship of PLR and NLR trends with overall survival and
recurrence-free survival

Patients were divided into two groups according to changes
in NLR and PLR. Category 1 consisted of those with negative
delta values, whereas category 2 consisted of those with pos-
itive delta values. Increasing delta PLR was associated with
worse RFS, although it showed no significant association with
OS. Delta NLR failed to show significant association with RFS
or OS. RES rates with ascending and descending trends at 1, 3,
and 5 years were 98.5%, 91.1%, 91.1%, and 94.3%, 78.4%, 57.2%,
respectively, with a log rank test value of p = 0.022. These re-
sults are shown in Fig. 4.

DISCUSSION

Systemic inflammation is a well-established physiopatholog-
ical factor in any neoplastic conditions. NLR and PLR are both
readily available markers of systemic inflammation. Neutro-
philia and hyperplaquetosis reflect an underlying neoplastic
inflammatory syndrome. They are usually accompanied by a
variable degree of lymphopenia. The balance between negative
effects of neutrophilia/platelets and positive effects of lympho-
cyte-mediated immunity is clearly depicted by these ratios [16].
Various meta-analyses have validated pretreatment NLR as a
prognostic factor, with higher NLR values have been linked to
poorer outcomes in numerous types of solid tumors [17-22].
This is true for PLR ratio as well, which has been found to be
associated with somber outcomes considering OS and RFS [11].

1.00 ~

0.75 1

0.50 A

Overall survival

0.25 1

0 20 40 60

No. at risk Time (mon)

94 66 43 26

Fig. 3. The Kaplan-Meier curve showing overall survival of orthotopic
liver transplantation patients.
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Table 3. Univariate and multivariate analyses for overall survival and recurrence-free survival in OLT patients

Overall survival

Recurrence-free survival

Variable Univariate analysis Multivariate analysis
HR (95% Cl) p-value HR (95% Cl) p-value HR (95% Cl) p-value HR (95% Cl) p-value
Age 1.00 (0.96-1.04) 0.836 0.99 (0.95-1.04) 0.985
Male sex 1.20(0.44-3.22) 0.712 1.41(0.3-6.52) 0.653
Neoadjuvant 0.82(0.36-1.82) 0.627 1.77 (0.52-5.93) 0.353
chemotherapy
Edmonson-Steiner 1-2 1.23 (0.76-2.00) 0.392 1.35(0.68-2.65) 0.382
Single tumor 1.67 (0.74-3.77) 0.213 1.69 (0.53-5.38) 0.372
Mayor nodule 0.99 (0.97-1.01) 0.587 1.00 (0.98-1.01) 0.748
Total tumor size 0.97 (0.94-1.00) 0.05 0.97 (0.95-1.002)  0.071 0.97 (0.94-1.01) 0.306
Cirrhosis 0.47 (0.05-3.78) 0.478
Child Pugh A-B 1.84 (1.08-3.11) 0.023 1.98 (1.13-3.45) 0.016 0.99 (0.47-2.08) 0.992
Preoperative AFP 0.999 (0.999-1.000) 0.739 4.47 (1.36-14.68) 0.014 3.91(1.18-12.95) 0.026
> 100 ng/dL
Lymphovascular 1.74 (0.78-3.90) 0.17 3.82(1.01-14.45) 0.048 2.93(0.75-11.41) 0.120
invasion
Trending NLR 2.26 (0.94-5.46) 0.069 0.47 (0.12-1.75) 0.266
(late-baseline NLR)
Trending PLR 0.62 (0.25-1.53) 0.302 3.44(1.109-10.69) 0.032 3.46 (1.04-11.49) 0.042

OLT, orthotopic liver transplant; HR, hazard ratio; Cl, confidence interval; AFP, alpha-fetoprotein; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-

lymphocyte ratio.

However, few studies have investigated the correlation between
these two markers and surgical outcomes of HCC patients
undergoing OLT. NLR and PLR have mainly been analyzed as
a static variable preceding a certain treatment [12]. However,
inflammatory response is a dynamic continuum that is con-
stantly affected not only by tumor and host biology, but also by
treatment itself. This study aimed to analyze NLR and PLR as
continuous variables measured before and after OLT to exam-
ine the prognostic value of their dynamic behavior by calculat-

1.00 T—=====1
1
@ T
§ 0.751 i
x i
- '
o
£ 0.507 p=0.022
(]
©
>
o]
g 0.25 A
— Decreasing delta PLR trend
---- Increasing delta PLR trend
0 20 40 60
Months

Fig. 4. The Kaplan—Meier curve showing recurrence-free survival (RFS)
according to delta platelet-lymphocyte ratio (PLR) trends.
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ing delta NLR and delta PLR.

We analyzed multiples variables potentially related to OS and
RES using the Cox proportional hazards model. AFP > 100 ng/
dL was significantly associated with higher risk of recurrence
(p = 0.026), in accordance with published literature stating that
AFP could predict postoperative recurrence [23,24]. Child-
Pugh was also found to have a statistically significant relation
with postoperative mortality (p = 0.016) in numerous studies
regarding abdominal surgeries in cirrhotic patients [25,26].
An increasing delta NLR trend has been previously associated
with poorer OS and REFS in patients with HCC undergoing
curative resection [27]. To the best of our knowledge, no study
has reported delta NLR/PLR in transplanted HCC patients.
Our study did not show an association of delta NLR with OS
or RFS. Delta PLR was found to have a statistically significant
association with RFS (p = 0.042), but not OS (p = 0.302). An
increasing trend in PLR might reflect a pro-inflammatory
state that may lead to tumor proliferation and poor biological
responses as previously described. It may even reflect an un-
derlying undetected HCC in another part of the cirrhotic liver.
Many studies have shown that inflammation can mediate tu-
mor progression with a negative effect on patient survival [28].

The present study has some limitations. Its retrospective
nature makes it susceptible to information bias. An attempt to
reduce it was made by excluding patients who lacked adequate
lab work and testing. Seven patients were excluded due to the
absence of CBC on the month prior to surgery. Follow-up is
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also a problem with these patients, especially in our center.
Being a referral center for transplantation for patients all over
Argentina, many patients receive OLT in our institution but
continue their follow-up in their hometowns or cities, leading
to the loss of follow-up. Regardless, as a high-volume reference
center, a homogeneous and large sample was obtained and
analyzed. However, multivariate analyses taking potential
confounders into account showed persistent worsening of RES
with delta PLR.

OLT is a potentially a life-saving therapy, with promising
RES and OS rates worldwide. Being able to predict early recur-
rence or mortality due to HCC in OLT is essential for patient
selection and organ allocation, especially in countries in which
donation is scarce with a great burden to the healthcare system.
This study shows that inflammatory markers in OLT patients
with HCC expressed as a dynamic value of “delta PLR” might
be a useful, inexpensive, and simple tool to potentially predict
recurrence outcomes. Benefits of utilizing delta NLR and delta
PLR as prognostic markers mainly lie in the feasibility of their
recollection are readily available in routine laboratory tests
at minimal costs. A potential backside to these biomarkers is
that their usefulness is limited to patients who have already
undergone OLT. They could be used to exclude patients prior
to treatment. Another possible limitation of this study was that
post-OLT CBC might be influenced by immunosuppressive
agents such as calcineurin inhibitors. This being said, it may
serve as another factor in selecting patients for follow-up in a
stricter fashion in order to detect early recurrence and treat it.
Further potential studies regarding delta NLR/PLR are needed
to validate them as useful biomarkers for OS and RFS in OLT
for HCC and to determine possible cut-off values for each del-
ta. In order to validate our findings, more large-scale research
studies should be performed.

In conclusion, the analysis of PLR as a continuous variable
may predict recurrence outcomes in patients with HCC un-
dergoing OLT. It is more representative than individual values.
This study shows that the dynamic behavior of PLR assessed
through delta PLR is a useful tool that potentially allows pre-
diction of recurrence outcomes in patients undergoing OLT.
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