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Abstract

Aims—The goal of this study is to evaluate whether an elevated neutrophil-lymphocyte ratio
(NLR) at the time of diagnosis predicts survival of patients with hepatocellular carcinoma (HCC)
after liver transplant (LT). We hypothesize that the NLR is predictive of overall survival (OS) and
recurrence-free survival (RFS) in patients with HCC who undergo LT.

Methods—This is a retrospective analysis of adult patients undergoing LT for HCC between
2000 and 2008 at our institution. We define an elevated NLR as a ratio of five or greater.

Results—We included 160 patients who underwent LT for HCC in the time period, of whom 28
had an elevated NLR. Seventeen subjects experienced recurrent HCC during the study period. The
cumulative survival among subjects with an elevated NLR was significantly lower than among
subjects with a normal NLR. On univariate analysis, several factors (including an elevated NLR)
predicted decreased overall survival and recurrence-free survival. However, after multivariate
analysis, only three factors (including elevated NLR) remained significant as predictors of overall
survival. Additionally, multivariate analysis revealed that an elevated NLR was the only
significant independent predictor of recurrence-free survival.

Conclusions—Preoperative NLR is a powerful independent predictor of overall survival and
recurrence-free survival in patients undergoing LT for HCC. Measurement of NLR could serve as
a useful and easily obtained adjunct to the MELD score and Milan criteria when evaluating this
patient population and determining which patients will gain the most survival benefit from
transplant.

Keywords
hepatocellular carcinoma; liver transplant; neutrophil-lymphocyte ratio

INTRODUCTION

While cases of hepatocellular carcinoma (HCC) are decreasing in developing countries, the
incidence of HCC is actually steeply rising in industrialized nations, including the United
States®. The vast majority of patients with HCC have underlying cirrhosis, making
successful treatment quite complicated?. In patients with HCC in the setting of cirrhosis,
liver transplantation (LT) provides both resection of the neoplastic lesion and cure for the
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end-stage liver disease. However, as is the case with resective therapy for any malignancy,
the risk for recurrence from occult metastatic disease remains.

In the early years of LT, there were no clearly defined exclusion criteria for HCC patients.
By the 1980s, LT was routinely performed for patients with advanced HCC, including those
with lymph node involvement and extrahepatic spread. These practices resulted in dismal
outcomes, with recurrence rates as high as 50% and 5 year survival rates of 20-40%34, The
early experience with LT for HCC was so poor that HCC was actually declared a
contraindication for LT in 1989°.

In 1996, the Milan criteria were defined by Mazzaferro et al and were shown to predict
improved overall survival and recurrence-free survival after LT for HCCS. Subsequently,
these criteria have become the basis of the pretransplant evaluation of most patients with
HCC. Although the outcomes of LT for HCC have improved dramatically since the adoption
of the Milan criteria, the recurrence rate under this system remains between 10 and 20%’.
While the Milan criteria (and other, more recent criteria such as the UCSF and Metroticket
criteria) provide an accurate description of tumor size and location, they can only
approximate tumor biology. It is thought that aggressive tumor biology, which cannot be
determined by pre-transplant imaging alone, might be responsible for the relatively high rate
of recurrence of HCC after LT.

Recent attention has focused on the systemic inflammatory state as a surrogate for tumor
biology in multiple solid tumors. In particular, the ratio of absolute neutrophil count to
absolute lymphocyte count (neutrophil-lymphocyte ratio or NLR) has been shown to predict
overall and postoperative survival in gastric cancer, non-small-cell lung cancer, and liver
metastases of colorectal cancer®-10. Recently, Halazun et al'! and Bertuzzo et al2 have
shown that an elevation of the preoperative NLR has a negative impact on survival after LT
for HCC. The NLR is particularly useful, as it can be easily measured by routine pre-
transplant bloodwork.

The goal of this study was to evaluate whether an elevated NLR at the time of diagnosis
predicts overall survival (OS) and recurrence-free survival (RFS) of patients with HCC who
undergo LT.

METHODS

Patient Selection

We constructed a database consisting of all adult patients who underwent LT for HCC at
Shands Hospital at the University of Florida between January 15t, 2000 and December 315,
2008. Subsequently, a retrospective analysis was carried out on these subjects. We included
all subjects over the age of 18 years, with a UNOS diagnosis of HCC, who underwent LT.
Subjects with a prior LT, with evidence of sepsis or exposure to steroids at the time of
diagnosis, and those who subsequently were diagnosed with non-HCC malignancy
(primarily cholangiocarcinoma) on explant pathology were excluded. Any patients with
prior treatment for HCC (such as prior resection) were excluded. The diagnosis of HCC
consisted of characteristic findings on dynamic imaging, elevation of alpha fetoprotein
(AFP) and/or pre-transplant biopsy findings.

A complete blood count (CBC) is routinely obtained in all patients undergoing pre-
transplant evaluation. The NLR at the time of diagnosis was calculated by dividing the
absolute neutrophil count by the absolute lymphocyte count on the CBC obtained on the day
of (or within 3 days of) the diagnosis of HCC. Similarly, we calculated the NLR on the day
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of transplant. We defined an elevated NLR as greater than or equal to 5, in accordance with
the majority of the published literaturel0-12,

Immunosuppression and Surveillance

All transplants were performed at Shands Hospital and the University of Florida utilizing
standard techniques. Per institution protocol, post-transplant patients receive
immunosuppression with steroids (I'V bolus induction followed by transition to oral steroids
and taper over three months) and a calcineurin inhibitor (most commonly tacrolimus).
Mycophenolate mofetil is occasionally added in patients with renal insufficiency. Patients
undergo surveillance with serial dynamic/contrasted imaging [either computed tomography
(CT) or magnetic resonance imaging (MRI)] at three, six, and 12 months post-transplant and
monitoring of AFP every three months for the first post-transplant year.

Statistical Analysis

Differences among the groups of subjects with normal and elevated NLR were evaluated
with the chi squared, Fisher’s exact, and Mann-Whitney U tests as appropriate. Kaplan
Meier survival analyses were conducted to determine OS and RFS in the two groups.
Univariate analyses were conducted to identify potential factors which influenced survival in
the subjects. A stepwise Cox regression analysis was then performed to determine which of
these preoperative factors impacted OS and RFS. Confidence intervals were constructed at
95%, and a p value of < 0.05 was considered significant. All statistical analyses were
conducted with IBM-SPSS version 19 (IBM-SPSS Inc, Chicago, IL).

RESULTS

Of the 182 adult subjects who underwent LT for HCC at our institution during the study
period, 22 were excluded (12 due to incomplete data, 3 who had recurrent HCC after
resection, 4 whose explants did not reveal HCC, and 3 who were undergoing a second LT).
Median follow up was 38 months (range 1 to 116 months). Of the 160 subjects included in
the study, death was confirmed in 48 (30%) at the end of the study period. Of these subjects,
recurrent HCC was the cause of death in 14 (9 of these subjects had an elevated NLR at the
time of diagnosis). Other causes of death included ESLD due to recurrent HCV in 21
subjects (44%), sepsis/multi-organ system failure in 9 subjects (19%), Gl bleeding in 3
(6%), and end-stage liver disease secondary to chronic rejection in 1 subject (2%). Non-
HCC causes of death were not more frequent in the subjects with elevated NLR. Overall, 17
subjects (10.6%) had recurrence of HCC within the study period, with a median time to
recurrence of 10 months (range 1 to 63 months).

The majority of subjects (47%) had cirrhosis secondary to chronic hepatitis C infection.
Nine percent of the subjects had cirrhosis related to alcohol consumption alone, 23 percent
had cirrhosis related to both alcohol and hepatitis C, eight percent had cirrhosis secondary to
hepatitis B, and the remainder (13%) had cirrhosis secondary to autoimmune hepatitis, non-
alcoholic fatty liver disease, or cryptogenic cirrhosis. The majority of subjects (69%)
received at least one session of locoregional therapy (either bland embolization, chemo-
embolization, or radiofrequency ablation) prior to transplantation. Overall, the subjects spent
an average of 25 days on the transplant list before undergoing transplantation (range 6-88
days).

The subjects were categorized as having either a “normal NLR” (defined as an NLR of less
than 5.0, n=132) or “elevated NLR” (defined as an NLR of 5.0 or greater, n = 28).
Demographic characteristics, alpha fetoprotein (AFP) levels, and Model for End Stage Liver
Disease (MELD) scores were similarly distributed between the 132 subjects with a normal
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NLR and the 28 subjects with an elevated NLR (Table 1). The overall survival among
subjects with an elevated NLR (1 year cumulative survival 87% +/- 0.08, 3 year cumulative
survival 57% +/- 0.09, 5 year cumulative survival 50% +/- 0.11) was significantly lower
than among subjects with a normal NLR (1 year survival 94% +/- 0.04, 3 year survival 78%
+/- 0.04, 5 year survival 75% +/- 0.06) (log rank test, P = 0.01, Figure 1) Similarly, there
was a significantly lower recurrence-free survival in patients with an elevated NLR (log rank
test, P = 0.005, Figure 2). The mean time to recurrence was shorter in the patients with
elevated NLR (108 days) than that of patients with normal NLR (224 days) (t-test, P = 0.02).
Of the 17 subjects with recurrent HCC, 15 had an elevated NLR (88%). Of the 15 subjects
with elevated NLR and recurrent HCC, eight were within Milan criteria (53%).

The impact of the NLR at the time of transplantation was similarly analyzed. The overall
survival among subjects with an elevated NLR at the time of transplantation was
significantly lower than among subjects with a normal NLR at the time of transplantation
(log rank test, p = 0.007). Similarly, there was a significantly lower recurrence-free survival
in patients with an elevated NLR (log rank test, p = 0.018). Analysis of the data stratified by
HCC stage did not alter the overall survival or recurrence-free survival (data not shown).

To determine the adjusted hazard ratio (HR) of death or recurrence for an elevated NLR, we
fitted a multivariate Cox regression model using backwards stepwise construction. First,
univariate analyses were conducted to determine the effects of the following variables on OS
and RFS: age greater than 60, male gender, HCV as etiology of cirrhosis, AFP greater than
400 ng/dL at time of diagnosis, biochemical MELD score (excluding any exception points
granted for HCC) greater than 15 at time of diagnosis, time on transplant wait list, use of
locoregional therapy before transplantation, fulfillment of Milan criteria at the time of
transplantation, largest tumor diameter greater than 3cm, presence of microvascular invasion
on explant pathology, poorly-differentiated tumor on explant pathology, underestimation of
tumor stage by pre-operative imaging, and incidental diagnosis of HCC on explant
pathology (Table 2, Table 3).

On univariate analysis, the following variables were associated with decreased overall
survival: age greater than 60, male gender, HCV as etiology of cirrhosis, AFP > 400 ng/dL
at diagnosis, biochemical MELD score greater than 15 at diagnosis, NLR greater than 5 at
diagnosis, and the presence of microvascular invasion by explant pathology. Multivariate
Cox regression revealed that three predictors were independently associated with overall
survival: elevated NLR, presence of microvascular invasion, and AFP > 400 ng/dL at
diagnosis. The adjusted HR of death for an elevated NLR was 2.22 (p = 0.021, 95% ClI
1.1-1.4).

On univariate analysis, the following variables were associated with decreased recurrence-
free survival: age greater than 60, NLR greater than 5 at diagnosis, and the presence of
microvascular invasion. Multivariate Cox regression revealed that an elevated NLR was the
only predictor which was independently associated with recurrence-free survival. The
adjusted HR of recurrence for an elevated NLR was 67 (p = 0.001 95% CI 11-413).

The overall survival of the elevated NLR group was significantly lower than that of the
normal NLR group. The five year cumulative survival of the elevated NLR group was only
38%, compared to a five year cumulative survival of 68% in the normal NLR group (log
rank test: p = 0.005, Figure 1). Similarly, the recurrence-free survival of the elevated NLR
group was significantly lower than that of the normal NLR group (log rank test: p = 0.01,
Figure 2), with a five year recurrence-free survival of only 27% in the elevated NLR group,
compared to a five year recurrence-free survival of 79% in the normal NLR group.
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DISCUSSION

The survival of HCC patients who undergo LT has dramatically improved since the adoption
of the Milan criteria. The Milan criteria rely on imaging characteristics such as size and
number of lesions, but the relatively high recurrence rate indicates that we continue to lack a
reliable surrogate of tumor biology. The NLR is easily calculated and applied in the clinical
setting. In this study, we demonstrate that the NLR is a powerful predictor of overall
survival and recurrence-free survival in patients undergoing LT for HCC. We also found
that nearly 40% of subjects within Milan criteria but with an elevated NLR developed
recurrent HCC. An elevated NLR may indicate a more aggressive tumor biology that is not
appreciated purely by the size or number of lesions on imaging and places patients at higher
risk for tumor recurrence.

Our study confirms the findings of Halazun (11), Bertuzzo (12), and Huang (13) that an
elevated NLR is predictive of decreased overall and recurrence-free survival in HCC
patients who undergo LT (11,12) or chemo-embolization (13). While these studies have
demonstrated the predictive power of the NLR in the days prior to LT or locoregional
therapy, we show that this ratio also has prognostic power when determined earlier, such as
at the time of initial diagnosis. In addition, we show that the majority of our subjects with an
elevated NLR have relative lymphopenia, which might implicate an inadequate host immune
response to the tumor.

A limitation of our study is the relatively small number of subjects with an elevated NLR.
While previous studies have shown the presence of microvascular invasion and a tumor size
greater than 3 cm to predict recurrence-free survival in HCC, we did not find them to be
independent predictors. This difference may be due to the small size of the elevated NLR
group. In addition, after 2005, some LT patients with HCC were transitioned from
tacrolimus to sirolimus, which has been shown in a recent meta-analysis to decrease HCC
recurrence in this population (14). This transition has not been standardized at our
institution, and therefore we were unable to fully capture this data, which might have had an
effect on recurrence rates and survival. Finally, as we did not have complete data on the
timing of locoregional therapy, we were unable to analyze the effects of these modalities on
the usefulness of the NLR. Nevertheless, our study is an important addition to the growing
evidence that systemic inflammatory markers can serve as surrogates for solid tumor
biology.

The idea that tumors are associated with a particular inflammatory state dates back to Rudolf
Virchow’s work in the 1860s (15). Since that time, translational and basic research has
revealed that certain systemic inflammatory markers, such as C-reactive protein, can be
predictive of survival in solid tumors (16).

The NLR has been proposed as another systemic marker of inflammation that acts as a
surrogate of solid tumor biology. Although the exact pathophysiology of this relationship is
not yet clear, there does appear to be an association between tumor lymphocyte invasion and
improved prognosis (17), which indicates that the host tumor response is at least in part
dependent on lymphocyte infiltration. Therefore, an elevated NLR might be reflective of a
relative lymphopenia, which could be responsible for an inadequate host immune response
to the tumor. In addition, the activity of specific subsets of lymphocytes appears to be
important. Previously, we have shown patients with HCC have elevations in regulatory T
cells (Treg) and blunted CD4 effector T cells (Teff) responses that correlate with tumor
burden (18). We have also shown that soluble factors in the serum of HCC patients suppress
the activity of Teff by downregulating the expression of cell surface CD25 and enhancing
Treg-mediated suppression of Teff (19). A recent study demonstrated that LT patients with
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high levels of adenosine triphosphate produced by CD4 Teff were more likely to have
recurrence of HCC (20). In our study, the majority of subjects with an elevated NLR had
relative lymphopenia.

Other groups have proposed that an elevated NLR is more reflective of a relative
neutrophilia, which has been shown to correlate with more aggressive tumor behavior in
uterine cancer (21). Neutrophils can secrete tumor-promoting agents such as vascular
endothelial growth factor (VEGF) and matrix metalloproteinase-9 (MMP-9) (22,23).
Recently, Kuang et al demonstrated a correlation between high levels of neutrophilic
infiltration and progression of angiogenesis in HCC (24). Regardless of which mechanism is
in effect in an individual patient, it seems that the NLR is a reflection of the global immunity
status that has prognostic implications for this patient population.

Given the dearth of donor liver availability, preoperative prediction of post-transplant
survival has become critical in allocating this precious resource. The current standard of
allocation, based on radiographic appearance, remains limited in its ability to accurately
identify particularly aggressive tumors, as evidenced by the high percentage of subjects in
our study who were within Milan criteria but had elevated NLR, and subsequently
developed recurrent HCC. While pre-treatment liver biopsy would provide histological
samples for an investigation of tumor biology, the theoretical risk of tumor seeding has
rendered this intervention rarely utilized (25). Therefore, a validated pre-treatment
prognostic indicator which can be calculated solely with routine blood work is particularly
attractive. Our study confirms that the NLR at the time of diagnosis is predictive of overall
survival and recurrence-free survival in patients undergoing LT for HCC. Future endeavors
will be required to evaluate the NLR in a larger HCC population and to investigate the
significance of changes in the NLR over time (both prior to and following various
interventions). Subsequently, the NLR might become a simple and non-invasive addition to
the current allocation system for liver transplantation.
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Table 1
Comparison of demographic, clinical, and pathologic characteristics of subjects with normal and elevated
NLR.

Variable Normal NLR n =132 | Elevated NLRNn=28 | p-value
Male gender 104 (79%) 26 (93%) 0.12
Age in years (mean) 55.5 55.1 0.87

Etiology of Cirrhosis

HCV | 57 18 0.06
HCV and Alcohol | 33 4 0.32
Alcohol alone | 13 2 0.74
HBV | 12 2 0.98
Other | 17 2 0.53
Mean total lymphocyte count (thousand per cubic millimeter) | 3.2 31 0.77
Mean biochemical MELD score at diagnosis 10 9 0.61
Mean AFP at diagnosis (ng/dL) 275 296 0.74
Outside Milan criteria at diagnosis 19 (14%) 7 (25%) 0.06
Mean time on wait list (days) 23 26 0.49
Locoregional therapy prior to transplantation 92 (70%) 18 (64%) 0.08
Incidental HCC 11 4 0.47
T stage underestimated by pre-operative imaging 6 2 0.63
Poorly differentiated tumor on explant 19 2 0.37
Any tumor greater than 3cm in diameter 58 8 0.15
Mean number of tumors 14 1.6 0.21
Mean size of largest tumor (in cm) 2.2 2.0 0.11
Microvascular invasion 20 (15%) 5 (18%) 0.77
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Table 2

Univariate analysis of variables predicting overall survival.

Variable | Paie | HR (c1)
Gender
Male (n = 130) | 0.017 1.46 (1.06 — 1.87)
Female (n = 30)
Age
260 (n=50) | 0.050 1.32(1.17-2.01)
<60 (n = 110)
Etiology of Cirrhosis
HCV (n=75) | 0.042 1.87 (1.31-3.76)
Non-HCV (n = 85)
Biochemical MELD score at diagnosis
<15(n=111) | 0.013 3.14 (1.41 - 4.88)
>15(n=49)
AFP at diagnosis (ng/dL)
=400 (n=52) | 0.029 2.61(1.91-3.10)
<400 (n = 108)
Outside Milan criteria at diagnosis
Yes (n=26) | 0.571 9.76 (0.19 - 16.71)
No (n = 134)
Time on wait list (days)
<30days (n=96) | 0.610 1.18 (0.82-1.71)
> 30 days (n = 64)
Locoregional therapy prior to transplantation
Yes (n =110)
No (n=50) | 0.058 1.39(0.98 - 1.92)
Incidental HCC
Yes (n=15) | 0.980 0.85 (0.08 - 2.77)
No (n = 145)
Tumor stage underestimated by pre-operative imaging | 0.781 1.42 (0.84 - 2.14)
Yes (n=8)
No (n = 152)
Poorly differentiated tumor on explant
Yes (n=21) | 0.767 1.08 (0.88 — 1.65)
No (n =139)
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Variable | PvaJuel HR (CI)
Any tumor greater than 3cm in diameter
Yes (n=66) | 0.799 1.48 (0.09 - 1.76)
No (n = 64)
NLR at time of diagnosis
>5(n=28) | 0.032 212 (1.41-4.62)
<5(n=132)
Microvascular invasion
Yes (n=25) | 0.047 1.66 (1.39 - 3.70)
No (n = 135)
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Table 3

Univariate analysis of variables predicting recurrence-free survival.

Variable | Paie | HR (c1)
Gender
Male (n =133) | 0.621 1.58 (0.45 - 4.62)
Female (n =27)
Age
260 (n=50) | 0.034 1.99 (1.27 - 5.44)
<60 (n = 110)
Etiology of Cirrhosis
HCV (n=75) | 0.826 1.07 (0.97 - 2.22)
Non-HCV (n = 85)
Biochemical MELD score at diagnosis
<15(n=111) | 0.771 0.62 (0.14 - 0.87)
>15(n=49)
AFP at diagnosis (ng/dL)
=400 (n=52) | 0.458 1.52 (0.75-1.98)
<400 (n = 108)
Outside Milan criteria at diagnosis
Yes (n=26) | 0.616 0.71 (0.44 - 1.06)
No (n = 134)
Time on wait list (days)
<30days (n=96) | 0.884 1.14 (0.83 - 1.56)
> 30 days (n = 64)
Locoregional therapy prior to transplantation
Yes (n=110) | 0.067 1.51(0.16 - 3.72)
No (n = 50)
Incidental HCC
Yes (n=15) | 0.254 1.46 (0.80 — 2.16)
No (n = 145)
Tumor stage underestimated by pre-operative imaging | 0.622 1.02 (0.70-1.14)
Yes (n=8)
No (n = 152)
Poorly differentiated tumor on explant
Yes (n=21) | 0.408 2.03 (0.89-5.37)
No (n =139)
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Variable | PvaJuel HR (CI)
Any tumor greater than 3cm in diameter
Yes (n=66) | 0.516 1.28 (0.32 - 1.56)
No (n = 64)
NLR at time of diagnosis
=5 | 0.001 6.88 (2.99 - 16.20)
<5
Microvascular invasion 0.028 2.72 (1.89 - 5.03)
Yes (n=25)
No (n = 135)
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