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Background: The purpose of this study is to determine and compare the ability of
neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), aspartate-
aminotransferase-to-lymphocyte ratio (ALRI), systemic-inflammation index (SII) and lym-
phocyte count to predict oncologic outcomes in hepatocellular carcinoma (HCC) patients
undergoing transarterial chemoembolization (TACE).

Materials and Methods: A single-center retrospective review of 296 patients who were
treated for 457 HCCs was performed. Pre- and post-treatment laboratory and treatment
outcome variables were collected. Objective radiologic response (ORR), progression-free
survival (PFS), and overall survival (OS) were evaluated. Patients were categorized into
above and below median scores and compared.

Results: The median pretreatment NLR, PLR, ALRI, SII, and lymphocyte count were 2.7
(range: 0.4-55), 88.3 (range: 0.1-840), 71.8 (range: 0.1-910), 238.1 (range: 0.1-5150.8), and
1 (range: 0.1-5.2) 10*/uL, respectively. Patients with above median ALRI scores were less
likely to achieve an ORR as compared to those with below median ALRI values (132 (132/
163, 81%) vs 150 (150/163, 92%), p = 0.004). On univariate analysis, patients with above
median pretreatment NLR (HR 1.41, 95% CI: 1.09-1.83, p = 0.01) and below median
lymphocyte count (HR 0.69, 95% CI: 0.53-0.92, p = 0.01) had significantly worse PFS.
The relationship between PFS and NLR (p = 0.08) as well as lymphocytes (p = 0.20) no
longer remained on multivariate analysis. On univariate analysis, below median pretreatment
NLR (HR 1.72, 95% CI: 1.2-2.45, p = 0.003) and ALRI (HR 1.52, 95% CI: 1.05-2.2); p =
0.03) as well as above median lymphocyte count (HR 0.48, 95% CI: 0.34-0.7, p < 0.0001)
were associated with improved OS. The significant relationship between lymphocytes and
OS remained on multivariate analysis (HR 0.50, 95% CI: 0.28-0.9, p = 0.02), but the
relationship with NLR (p = 0.94) did not persist.

Conclusion: NLR is predictive of PFS and OS in patients with HCC undergoing TACE and
may be superior to other inflammatory scores (PLR, ALRI, and SII) in this setting. However,
lymphocyte count may be most predictive of OS.

Keywords: hepatocellular carcinoma, chemoembolization, neutrophil-to-lymphocyte ratio,
platelet-to-lymphocyte ratio, aspartate-aminotransferase-to-lymphocyte ratio, systemic-

inflammation index

Introduction

Hepatocellular carcinoma (HCC) is the third most common cause of cancer death
worldwide', and since the publication of two ground-breaking clinical trials which
demonstrated the superiority of transarterial chemoembolization (TACE) to best
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supportive care, TACE has been a mainstay of HCC
treatment.>> As such, TACE is included in HCC treatment
algorithms by virtually every major liver/HCC society,
including the Barcelona Clinic Liver Cancer, American
Association for the Study of Liver Disease, and
European Association for the Study of the Liver
(EASL).*® However, there have also been significant
advances in the treatment options for patients with HCC
over the last several years. This underlies the importance
of identifying prognostic factors not only for patient edu-
cation but also to select the best treatment strategy for each
patient.

The tumor microenvironment and immune system have
become increasingly recognized as integral components in
cancer outcomes. At the same time, systemic inflammation
has been recognized as an indicator of poorer outcomes.
This has led to the investigation of neutrophil-to-
lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio
(PLR) in the setting of TACE and HCC.”?’ While
a number of papers have been written on the subject,
there has been some disagreement over whether or not
NLR and PLR are predictive of meaningful oncologic
outcomes. This inconsistency may in part stem from the
fact that the majority of studies have come from Asia,
where the HCC patient population is not only significantly
different from North America and Europe, but the included
patients often have very advanced disease. While it is
common for studies from Asia to treat patients with rela-
tively large HCCs and those with aggressive features such
as portal vein invasion with TACE, these patients are often
treated with other means such as radioembolization in
different parts of the world. Furthermore, we know that
TACE techniques vary significantly between geographical
regions.***! This raises the question as to whether or not
PLR and NLR are useful for predicting oncologic out-
comes in a North American cohort. The interest in this
question is emphasized by the fact that some prior inves-
tigations of NLR in North America have failed to show its
utility,q while others have indicated it is of benefit, at least
in terms of predicting radiologic response.*’

In addition, other markers of systemic inflammation,
such as aspartate aminotransferase-to-lymphocyte ratio
(ALRI) and systemic-inflammation index (SII) which
have shown promise in HCC patients treated by other
means,”' > have not been well studied in HCC patients
undergoing TACE. To the authors’ knowledge, only 2
studies have investigated the utility of ALRI?’** and 3

27,28,34
I7,8,3

have investigated the utility of SI in this patient

population. These papers all originate from Asia and have
the same issues when being applied to North American
and European patients as were described above.

Finally, lymphocytes, which are integral to all four
inflammatory scores described above, have also not been
well studied in HCC patients undergoing TACE, despite
being shown to be of interest in other settings.”” In parti-
cular, little data is available which determines if NLR,
PLR, ALRI, and SII are superior to simple lymphocyte
count. This issue is emphasized by the fact that rarely have
all four inflammatory scores and lymphocyte count been
applied to the same cohort, making it difficult to compare
the relative value of each in predicting outcomes.

Therefore, this study aims to evaluate and compare the
ability of NLR, PLR, ALRI, and SII to predict oncologic
outcomes in patients with HCC treated by TACE in
a North American cohort and further investigate the role
of lymphocyte count in these predictions.

Materials and Methods

After Internal Review Board approval, all consecutive
patients treated with TACE at a single center between 1/
1/2010 and 7/1/2018 were retrospectively reviewed. The
patients’ electronic medical records were reviewed for pre-
and post-treatment laboratory values, demographic data,
and tumor characteristics. Radiologic response was eval-
uated utilizing the European Association for the Study of
the Liver (EASL) criteria. An objective radiologic
response (ORR) was considered to be a partial or complete
response by EASL criteria. The initial response by EASL
was recorded at 1 month post first TACE imaging, while
maximal response was recorded in those patients who
underwent more than one TACE treatment. The micro-
catheter position at delivery was then evaluated and
recorded as super selective (sub segmental), selective (seg-
mental), minimally selective (<lobar, >segmental), or non-
selective (lobar). Overall survival (OS) was defined as the
time between the initial treatment and time of death from
any cause or the last clinical follow-up (at which time data
were censored). Progression-free survival was defined as
time from initial treatment to progression by EASL criteria
or death.

NLR was calculated by dividing the neutrophil count
by the lymphocyte count. PLR was calculated by dividing
the platelet count divided by the lymphocyte count. ALRI
was calculated by dividing the aspartate aminotransferase
level by the lymphocyte count. Finally, SII was calculated
by multiplying the neutrophil and platelet count and
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dividing that number by the lymphocyte count. Pre-
treatment laboratory values were typically collected on
the day of but prior to treatment; however, values collected
within 2 weeks of treatment were included. If the patients’
HCC was treated multiple times with TACE, only the first
treatment was included in the analysis.

Statistical Analysis

Demographic and clinical measures were summarized
descriptively, either per tumor or per patient, as appropri-
ate. Patients were categorized into above and below med-
ian groups for each inflammatory marker, consistent with
prior studies.®!'*!" Chi-square and two sample z-tests were
used to compare groups for categorical and numeric mea-
sures, respectively. Pearson correlation was calculated for
the pre-treatment inflammatory scores vs the pre-treatment
log alpha fetoprotein (AFP) and lesion size (cm). One-way
ANOVA and Tukey’s post-hoc tests were used to deter-
mine significance in the relationship between cause of
cirrhosis and pre-treatment inflammatory scores.

The OS and PFS curves were represented with the
Kaplan—Meier method. Cox regression models were used
to determine hazard ratios (HR) and statistical significance
of the pre-treatment inflammatory above or below median
groups. For OS models, only data from the first tumor per
patient was included. For PFS models, all tumors per patient
were included along with a cluster term to correct the stan-
dard errors using the grouped jackknife method that accounts
for clustering due to multiple observations per patient. Both
univariate models and models adjusting for the other pre-
treatment inflammatory groups in addition to pre-treatment
log AFP, lesion size (cm), and Child Pugh score were per-
formed. These covariates were chosen a priori due to their
clinical relevance. Due to missing data, there were 274
TACE treatments included in the PFS model with all adjust-
ment factors and 170 in the adjusted OS model. p-values
<0.05 were considered statistically significant. R (R Core
Team, Version 3.6.0) was used for all statistical analyses.

Results

In total, 296 patients who were treated for 457 HCCs with
TACE were included. Demographic data can be found in
Table 1. The cohort consisted of 64 (64/296, 21.6%)
women and 232 (232/296, 78.4%) men with a mean age
of 61.4 + 8.2 years. The most common cause of cirrhosis
was hepatitis C (144/296 patients, 48.6%), and the mean
size of treated HCC was 3.5 £ 3.4 cm.

Table | Demographic Data

Variable

Patients = 296, HCCs = 457

Age (years)

61.4+82

Ethnicity
Caucasian/white non-hispanic
Black/African American
Asian
Hispanic
Native American

209 (209/296, 70.6%)
37 (37/296, 12.5%)
21 (21296, 7.1%)

21 (217296, 7.1%)

8 (8/296, 2.7%)

Cause of cirrhosis
Hepatitis C
Alcohol
Alcohol and hepatitis C
NASH

144 (144/296, 48.6%)
39 (39/296, 13.2%)
36 (36/296, 12.2%)
27 (27/296, 9.1%)

Hepatitis B 26 (26/296, 8.8%)
Cryptogenic 17 (171296, 5.7%)
Other* 7 (71296, 2.4%)
Sex
Female 64 (64/296, 21.6%)
Male 232 (232/296, 78.4%)
HCC size (cm) 35+34
Number of TACE treatments 14 +£07

Selectivity of TACE treatments
Lobar
<Lobar, >segmental
Segmental

Sub-segmental

31 (31/457, 6.8%)

86 (86/457, 18.8%)
200 (200/457, 43.8%)
140 (140/457, 30.6%)

WBC (10°/L)
Neutrophils (10%/L)
Lymphocytes (10%/L)
Hemoglobin (g/dL)
INR

Creatinine (mg/dL)
Total bilirubin (mg/dL)
Albumin (g/dL)

MELD

Child-Pugh score
ECOG

Alpha fetoprotein (ng/mL)

54+22
3319
12 +0.7
12.6 £ 2.6
12 +£0.2
I 1
1.3+0.7
32+06
105 £ 35
65+ 13
0305
28.6 (0-363, 848.3)

Notes: *Other causes included hemochromatosis, primary biliary cirrhosis, auto-
immune hepatitis, and cystic fibrosis. All numeric measures summarized as mean *
SD, except for AFP, which was summarized as median (range).
Abbreviations: HCC, hepatocellular carcinoma; NASH, non-alcoholic steatohe-
patitis; TACE, transarterial chemoembolization; cm, centimeter; ECOG, Eastern
Cooperative Oncology Group; WBC, white blood cell count.

Table 2 provides summaries for the pretreatment NLR,
PLR, ALRI, SII and lymphocyte count values. The median
pretreatment NLR, PLR, ALRI, SII, and lymphocyte count
were 2.7 (range: 0.4-55), 88.3 (range: 0.1-840), 71.8
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Table 2 Descriptive Summaries for the Pre- and Post-Treatment
Inflammatory Values

Variable

Pretreatment NLR

Mean 4+48

Median 2.7 (0.4, 55)
Pretreatment PLR

Mean 1188 + 110.3

Median 88.3 (0.1, 840.0)

Pretreatment ALRI

Mean 1111+ 1335

Median 71.8 (0.1, 910.0)
Pretreatment SlI

Mean 442.2 + 606.1

Median 238.1 (0.1, 5150.8)

Pretreatment lymphocyte count (10%/uL)
1207
1 (0.1,5.2)

Mean
Median

Abbreviations: NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte
ratio; ALRI, aspartate-aminotransferase-to-lymphocyte ratio; SIl, systemic-
inflammatory index.

(range: 0.1-910), 238.1 (range: 0.1-5150.8), and 1 (range:
0.1-5.2) 10°/uL, respectively. Supplemental Figure 1 eval-

uates the relationship between the pretreatment inflamma-
tory scores and the pretreatment log AFP. However, log
AFP did not
Supplemental Figure 2 evaluates the relationship between

correlate  with inflammatory scores.

the pretreatment inflammatory scores and the pretreatment
tumor size. While there was no correlation with tumor size
in regard to NLR and ALRI, there was a modest correla-
tion between PLR (r = 0.13, p < 0.001) and SII (r = 0.17,
p < 0.001). Supplemental Figure 3 evaluates the relation-

ship between the cause of cirrhosis and inflammatory
scores. Again, there was not a strong correlation between
inflammatory scores and the underlying cause of cirrhosis.
However, cryptogenic cirrhosis had significantly higher
pre-treatment PLR and SII than all other causes (all
p values < 0.025 after Tukey adjustment).

Radiologic Response

Data on the ability of inflammatory scores and lympho-
cyte count to predict the radiologic response can be
found in Table 3. Of note patients with above median
ALRI were less likely to achieve an ORR than those
below the median (132 (132/163, 81%) vs 150 (150/163,
92%), p = 0.004).

Progression-Free Survival

Progression-free survival Kaplan—Meier curves for median
pretreatment NLR, PLR, ALRI, and SII can be found in
Figure 1. This showed that patients with above median
pretreatment NLR (HR 1.41, 95% CI: 1.09-1.83, p = 0.01)
and below median lymphocyte count (HR 0.69, 95% CI:
0.53-0.92, p = 0.01) had significantly worse PFS.
However, neither median pretreatment PLR (HR 1.12,
95% CI: 0.85-1.48, p = 0.43), ALRI (HR 1.11, 95% CI:
0.83-1.48, p = 0.47), nor SII (HR 1.13, 95% CI: 0.85-1.5,
p = 0.41) predicted PFS.

Cox Regression Analysis Using NLR, PLR,
ALRI, and Sl

In a Cox regression model which included all pretreatment
inflammatory scores it was found that pretreatment NLR
(HR 1.48, 95% CI: 1.10-1.99, p=0.009) was associated
with PFS while PLR (HR 0.97, 95% CI: 0.68-1.37,
p=0.86), ALRI (HR 0.95, 95% CI: 0.70-1.30, p=0.77)
and SII (HR 0.99, 95% CI: 0.70-1.39, p=0.95) were not.
If tumor size, log AFP, and Child-Pugh classification were
added to this model, pretreatment NLR remained
a significant predictor of PFS (HR 1.50, 95% CI: 1.08-
2.10, p=0.017). While pretreatment PLR (HR 0.94, 95%
CIL: 0.62-1.44, p=0.79), ALRI (HR 0.79, 95% CI: 0.56—
1.11, p=0.18), and SII (HR 1.0, 95% CI: 0.66-1.51,
p=0.99) were not. Pretreatment AFP (HR 1.08, 95% CI:
1.01-1.16, p=0.034) was found to correlate with PFS,
while tumor size (HR 0.98, 95% CI: 0.92-1.04, p=0.46)
and Child-Pugh (HR 1.11, 95% CI: 0.97-1.28, p=0.14)
did not.

Cox Regression Analysis Using NLR, PLR,
ALRI, Sll, and Lymphocyte Count

In a Cox regression model which included all pretreatment
inflammatory scores as well as lymphocyte count, it was
found that neither NLR (HR 1.28, 95% CI: 0.90-1.82, p =
0.17), PLR (HR 0.91, 95% CI: 0.64-1.3, p = 0.61), ALRI
(HR 0.88, 95% CI: 0.65-1.2, p = 0.43), SII (HR 1.05, 95%
CI: 0.75-1.48, p = 0.77), or lymphocyte count (HR 0.73,
95% CI: 0.49-1.09, p = 0.12) were correlated with PFS. If
tumor size, log AFP, and Child-Pugh classification were
added to this model, again neither pretreatment NLR (HR
1.27, 95% CI: 0.85-1.91, p = 0.25), PLR (HR 0.88, 95%
CI: 0.58-1.32, p = 0.53), ALRI (HR 0.75, 95% CI: 0.53—
1.05, p = 0.09), SII (HR 1.07, 95% CI: 0.71-1.61,
p = 0.76) or lymphocyte count (HR 0.70, 95% CI: 0.47—
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Table 3 Radiologic Response by Inflammatory Markers. Comparison Between Treated Lesions with Above and Below Average (Log

Mean and Median)

Variable Above Median Below Median p value
Pretreatment NLR n = 357
Initial response
CR 102 (102/179, 57%) 90 (90/178, 50.6%) 0.43
PR 45 (45/179, 25.1%) 53 (53/178, 29.8%)
SD 24 (24/179, 13.4%) 30 (30/178, 16.8%)
PD 8 (8/179, 4.5%) 5 (5/178, 2.8%)
ORR 147 (147/179, 82.1%) 143 (143/178, 80.4%) 0.67
Maximal response
CR 112 (112/179, 62.6%) 113 (113/178, 63.5%) 0.95
PR 43 (43/179, 24%) 42 (42/178, 23.6%)
SD 17 (17/179, 9.5%) 18 (18/178, 10.1%)
PD 7 (71179, 3.9%) 5 (5/178, 2.8%)
ORR 155 (155/179, 86.6%) I55 (155/178, 87.1%) 0.89
Pretreatment PLR n = 343
Initial response
CR 87 (87/171, 50.9%) 98 (98/172, 57%) 0.15
PR 54 (54/171, 31.6%) 40 (40/172, 23.3%)
SD 22 (22/171, 12.9%) 30 (30/172, 17.4%)
PD 8 (8/171, 4.6%) 4 (4172, 2.3%)
ORR 141 (141/171, 82.5%) 138 (138/172, 80.3%) 0.60
Maximal response
CR 100 (100/171, 58.5%) 116 (116/172, 67.4%) 0.09
PR 49 (49/171, 28.7%) 33 (33/172, 19.2%)
SD 14 (14/171, 8.2%) 19 (19/172, 11%)
PD 8 (8/171, 4.7%) 4 (4172, 2.4%)
ORR 149 (149/171, 87.2%) 149 (149/172, 86.6%) 0.89
Pretreatment ALRI n = 326
Initial response
CR 89 (89/163, 54.6%) 89 (89/163, 54.6%) 0.36
PR 38 (38/163, 23.3%) 48 (48/163, 29.4%)
SD 28 (28/163, 17.2%) 22 (22/163, 13.5%)
PD 8 (8/163, 4.9%) 4 (4/163, 2.5%)
ORR 127 (127/163, 77.9%) 137 (137/163, 84%) 0.14
Maximal response
CR 104 (104/163, 63.8%) 106 (106/163, 65%) 0.0l
PR 28 (28/163, 17.2%) 44 (44/163, 27%)
SD 23 (23/163, 14.1%) 10 (10/163, 6.1%)
PD 8 (8/163, 4.9%) 3 (3/163, 1.9%)
ORR 132 (132/163, 81%) 150 (150/163, 92%) 0.004
Pretreatment Sl n = 342
Initial response
CR 93 (93/171, 54.4%) 91 (91/171, 53.2%) 0.62
PR 49 (49/171, 28.7%) 45 (45/171, 26.3%)
SD 22 (22/171, 12.9%) 30 (30/171, 17.5%)
PD 7 (71171, 4%) 5 (5/171, 3%)
(Continued)
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Table 3 (Continued).

Variable Above Median Below Median p value
ORR 142 (142/171, 83.1%) 136 (136/171, 79.5%) 0.41
Maximal response
CR 107 (107/171, 62.6%) 106 (106/171, 62%) 0.06
PR 47 (471171, 27.5%) 36 (36/171, 21.1%)
sD 10 (10/171, 5.9%) 24 (24/171, 14%)
PD 7 (71171, 4%) 5 (5/171, 2.9%)
ORR 154 (154/171, 90.1%) 142 (142/171, 83.1%) 0.06
Pretreatment lymphocytes n = 357
Initial response
CR 95 (95/186, 53.7%) 90 (90/171, 54.2%) 0.32
PR 54 (54/186, 30.5%) 40 (40/171, 24.1%)
SD 24 (24/186, 13.6%) 28 (28/171, 16.9%)
PD 4 (4/186, 2.3%) 8 (8/171, 4.8%)
ORR 149 (149/186, 84.2%) 130 (130/186, 78.3%) 0.16
Maximal response
CR 110 (110/186, 63.2%) 105 (105/171, 62.9%) 0.18
PR 47 (471186, 27%) 34 (34/171, 20.4%)
SD 13 (13/186, 7.5%) 20 (207171, 12%)
PD 4 (4/186, 2.3%) 8 (8/171, 4.8%)
ORR 157 (157/186, 90.2%) 139 (139/171, 83.2%) 0.06

Abbreviations: NLR, neutrophil-to-lymphocyte ratio; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; ORR, objective radiologic
response; PLR, platelet-to-lymphocyte ratio; ALRI, aspartate-aminotransferase-to lymphocyte ratio; Sll, systemic-inflammatory index.

1.06, p = 0.09) demonstrated significant association. While
AFP (HR 1.08, 95% CI: 1.00-1.16, p = 0.05) nearly
reached significance, neither tumor size (HR 0.98, 95%
CIL: 0.93-1.04, p = 0.55) nor Child-Pugh (HR 1.08, 95%
CIL: 0.94-1.24, p = 0.28) was associated with PFS.

Overall Survival

Overall survival Kaplan—Meier curves for median pretreat-
ment NLR, PLR, ALRI, and SII can be found in Figure 2.
Those with above median NLR (HR 1.72, 95% CI: 1.2—
2.45); p =0.003) and ALRI (HR 1.52, 95% CI: 1.05-2.2);
p = 0.03) had a higher risk of death. Those patients with
below median lymphocytes (HR 0.48, 95% CI: 0.34-0.7,
p <0.0001) also had a higher risk of death. There was no
statistically significant difference seen in PLR (HR 1.19,
95% CI: 0.84-1.69, p = 0.33) or SII (HR 1.34, 95% CI:
0.94-1.91, p = 0.11).

Cox Regression Analysis Using NLR, PLR,
ALRI, and Sl

In a Cox regression model which included all pretreatment
inflammatory scores, it was found that neither pretreatment

NLR (HR 1.50, 95% CI: 0.94-2.40, p = 0.09), PLR (HR
0.89, 95% CI: 0.53-1.51, p = 0.67), ALRI (HR 1.36, 95%
CI: 0.90-2.06, p = 0.15) and SII (HR 1.23 95% CI: 0.70-
2.16, p = 0.47) were significantly associated with OS. If
tumor size, log AFP, and Child-Pugh classification were
added to this model, pretreatment NLR (HR 1.31, 95% CI:
0.77-2.23, p = 0.32), PLR (HR 1.06, 95% CI: 0.59-1.89,
p = 0.85), ALRI (HR 0.79, 95% CI: 0.48-1.31, p = 0.36),
and SII (HR 1.06, 95% CI: 0.57-1.97, p = 0.84) were still
not significant predictors of OS. Pretreatment AFP (HR
1.05, 95% CI: 0.98-1.16, p = 0.14) and tumor size (HR
1.02, 95% CI: 0.95-1.09, p = 0.62) were not found to be
associated with OS; however, Child-Pugh (HR 1.51, 95%
CI: 1.27-1.79, p < 0.001) did demonstrate an association.

Cox Regression Analysis Using NLR, PLR,
ALRI, Sll, and Lymphocyte Count

In a Cox regression model which included all pretreatment
inflammatory scores and lymphocyte count, it was found
that only pretreatment lymphocytes (HR 0.51, 95% CI:
0.31-0.86, p = 0.010) was significantly associated with
OS, while NLR (HR 1.13, 95% CI: 0.67-1.91, p = 0.64),
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Q Progression Free Survival by Pretreatment NLR B Progression Free Survival by Pretreatment PLR
NLR — Above Median — Below Median PLR == Above Median =— Below Median
1.00 1.00
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0 1000 2000 . 0 1000 2000 3000
Time (Days) Time (Days)
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& 178 8 3 1
1
z == | 178 12 2 — | 478 12 2 0
[ 1600 2000 3000 -
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ALRI = Above Median —— Below Median sl — Above Median = Below Median
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0.75 0.75
0.50 0.50
0.25 0.25
0.00 0.00
0 1000 2000 3000 0 1000 2000 3000
Time (Days) Time (Days)
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0 1000 2000 3000 0 1000 2000 3000
Time (Days) Time (Days)
Progression Free Survival by Pretreatment Lymphocytes
Lymphocytes — Above Median — Below Median
1.00
0.75
0.50
0.25
0.00
0 1000 2000 3000
Time (Days)
Number at risk
186 16 4 1
= 17 4 1 0
[] 1000 2000 3000
Time (Days)

Figure | Kaplan—Meier curves demonstrating progression-free survival (PFS) in patients with above or below median neutrophil-to-lymphocyte ratio (NLR) (A), platelet-to-
lymphocyte ratio (PLR) (B), aspartate-aminotransferase-to-lymphocyte ratio (ALRI) (C) and systemic-inflammation index (SIl) (D) Lymphocyte count (E) .
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Figure 2 Kaplan—Meier curves demonstrating overall survival (OS) in patients with above or below median neutrophil-to-lymphocyte ratio (NLR) (A), platelet-to-
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lymphocyte ratio (PLR) (B), aspartate-aminotransferase-to-lymphocyte ratio (ALRI) (C) and systemic-inflammation index (Sll) (D) Lymphocyte count (E) .
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PLR (HR 0.78, 95% CI: 0.46—-1.32, p = 0.36), ALRI (HR
1.11, 95% CI: 0.71-1.73, p = 0.66), and SII (HR 1.47,
95% CI: 0.83-2.59, p = 0.19) were not. If tumor size, log
AFP, and Child-Pugh classification were added to this
model, again only pretreatment lymphocyte count (HR
0.50, 95% CI: 0.28-0.9, p = 0.02) was significantly asso-
ciated. Pretreatment NLR (HR 0.98, 95% CI: 0.54-1.77,
p =0.94), PLR (HR 0.87, 95% CI: 0.48-1.56, p = 0.64),
ALRI (HR 0.67, 95% CI: 0.40-1.13, p = 0.13), and SII
(HR 1.32, 95% CI: 0.70-2.50, p = 0.39) were not asso-
ciated. Pretreatment AFP (HR 1.08, 95% CI: 1.00-1.17,
p =0.06) and tumor size (HR 1.01, 95% CI: 0.95-1.08, p =
0.73) were not associated, while Child-Pugh (HR 1.41,
95% CI: 1.18-1.70, p < 0.001) was associated with OS.

Discussion

As the treatment options for patients with hepatocellular
carcinoma (HCC) continue to expand, the importance of
finding pre-treatment predictors of outcomes is empha-
sized. One area which has been investigated for these
purposes is inflammatory scores. A number of inflamma-
tory scores have been evaluated, and it is difficult to know
which is best for a specific cancer and treatment method or
if they provide more information than lymphocyte count
alone. This study evaluated four of the commonly used
inflammatory scores (NLR, PLR, ALRI, and SII) and
pretreatment lymphocyte count in HCC patients under-
going TACE.

Of surprise, radiologic response was poorly predicted
by the majority of the inflammatory scores and lympho-
cyte count. This seems to be in contradiction to Schobert
et al who did find a correlation between higher NLR and
PLR values and radiologic response when using qEASL.*
The results also differ from Cruz et al who showed that
those patients with PD immediately after treatment had
a significantly higher NLR.?’ The reason for the discre-
pancies may be explained by the smaller cohorts in the
prior studies as compared to this study. Similarly, of inter-
est, the median of pre-treatment ALRI did show some
promise in accurately predicting the maximal response of
HCC lesions after TACE. While the reason for ALRI
demonstrating promise while other markers did not is not
evaluated in this study, it may be related to the fact that
ALRI takes into account the aspartate aminotransferase,
which may increase this marker’s sensitivity for the
inflammatory environment of the liver, whereas NLR,
PLR, SII, and lymphocyte count may be more tied to the
systemic inflammatory environment.

This study also looked at PFS and found that patients
with above or below median PLR, ALRI, or SII did not
have significantly different PFS. However, those with
above median NLR (HR 1.41, 95% CI: 1.09-1.83, p =
0.01) and below median lymphocyte count (HR 0.69, 95%
CI: 0.53-0.92, p = 0.01) had significantly worse PFS on
univariate analysis. When a multivariate model which did
not include lymphocyte count was created, NLR remained
significantly associated, even when adding in other factors
such as tumor size, AFP, and Child-Pugh score. However,
when lymphocyte count was added to these two multi-
variate modeling scenarios, neither NLR nor pretreatment
lymphocyte count continued to be associated with PFS.
When taken as a whole, the findings suggest that NLR and
pretreatment lymphocyte count may be superior in terms
of predicting those patients who will do poorly following
TACE as compared to PLR, ALRI, and SII. The findings
also suggest that the predictive ability of NLR may be
heavily associated with lymphocyte count, perhaps more
so than neutrophil count. The mechanism which connects
an elevated NLR, lymphocyte count and poor outcomes in
HCC patients is not well understood. However, high NLR
and low lymphocyte counts can correlate with depleted
lymphocytes, and lymphocytes play a role in cytotoxic cell
death and the production of anti-tumor cytokines.*
Therefore, lymphopenia is associated with an impaired
host immune response to the tumor and thus poor cancer-
specific survival.’” Systemic neutrophilia has been asso-
ciated with greater infiltration of tumor-associated macro-
phages (TAMs) as well as elevated pro-inflammatory
cytokines, which promote angiogenesis and tumor
growth.*®3? The measurement of the relative depletion of
likely
NLR’s predictive values, while the lymphocyte role in

lymphocytes  and/or  neutrophilia explains
anti-tumoral responses likely explains lymphocyte count
predictive value. The findings of this study suggest that
pretreatment NLR and lymphocyte count may allow pro-
viders to council patients more accurately on their
prognosis.

This study also evaluated the ability of inflammatory
scores to evaluate OS and showed that median NLR (HR
1.72, 95% CI: 1.2-2.45, p = 0.003), ALRI (HR 1.52, 95%
CIL: 1.05-2.2; p=0.03), and lymphocyte count (HR 0.48,
95% CI: 0.34-0.7, p<0.0001) were associated with OS on
univariate Cox regression analysis. When multivariate
analysis was performed and lymphocyte count was not
included, NLR showed a trend toward association with

OS in a model that did not include tumor size, AFP, or
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Child-Pugh score, but the trend no longer existed when
these variables were included. When lymphocyte count
was added to these models, NLR was not significant in
either of them, but lymphocyte count was associated with
OS in both models. The fact that when lymphocyte count
was included as a variable in this study, the correlation
between NRL and OS seemed to be negatively impacted is
of interest. This would suggest that lymphocyte count was
the driving force behind NLRs association with OS and
perhaps it would be the best score for predicting OS. To
the authors’ knowledge, this has not been studied in HCC
patients undergoing TACE; however, lymphopenia is
known to be associated with poorer outcomes in other
settings.>

As discussed previously, the majority of studies that
have evaluated inflammatory scores in this setting origi-
nate from Asia. These studies often differ from North
American and European studies in the primary underlying
cause of cirrhosis as well as the mean size of tumor. When
looking at previous studies from North America and
Europe, our findings are consistent with those of
Rebonato et al who found that NLR was predictive of
OS in their smaller study of 72 patients.'* However, they
differ from the findings of Sullivan et al who reviewed
outcomes in 75 HCC patients treated with surgical resec-
tion, liver transplant, or TACE which did not show NLR to
be predictive of OS. Furthermore, the multivariate analy-
sis in this relatively larger study would suggest that NLR
has a higher association with OS than either PLR, ALRI,
or SII while calling into question the importance of any
inflammatory scores as compared to other well-established
predictive factors such as Child-Pugh score. The question
of importance of inflammatory scores is furthered by the
fact that when lymphocyte count was added to the multi-
variate models, lymphocyte count remained associated
with OS, while no inflammatory score did.

This study shares similarities with Yang et al who
reviewed 189 patients treated with TACE for HCC and
evaluated the prognostic value of NLR, PLR, ALRI, and
SIL.>” However, their study differed significantly in the
demographics, with 53 patients (53/189, 28%) having
tumors greater than 5 cm and 59 (59/189, 31.2%) having
portal vein thrombosis. The Yang et al’s study found that
while NLR, PLR, ALRI, and SII were all significantly
associated with OS in univariate analysis, only ALRI and
SII continued to be associated on multivariate analysis.
They also found that there was a correlation between
tumor size and portal vein thrombosis and elevated

ALRI and SIL.?” Of note, Yang et al did not evaluate
the effect of lymphocyte count on outcomes, as was done
here. Furthermore, the current study found that when
separating patients by those with above and below med-
ian ALRI, those with lower ALRI scores had signifi-
cantly longer survival on univariate analysis. However,
SII had no significant association with OS in either
evaluation. When performing multivariate analysis
which included all inflammatory scores, neither ALRI
nor SII was predictive of OS. These differences may
result from the significantly smaller tumors without por-
tal vein invasion which comprised this study's patient
population. This theory is strengthened by the finding
in the Yang et al’s study that SII and ALRI were corre-
lated with tumor size and portal vein thrombosis, while
this study did not find a similar association.

This study has a number of limitations, including its
retrospective study design. While a fairly large cohort was
included, it is still limited and this is furthered by the fact
that not all values were available prior to all treatments.
Additionally, the study represents a single quaternary
referral center experience and therefore may not be applic-
able to all practice settings.

In conclusion, while NLR and ALRI are associated with
OS in HCC patients undergoing TACE, this study would
indicate that NLR has the highest correlation with both OS
and PFS of the four inflammatory scores studied. However,
these associations are weakened when lymphocyte count is
considered and lymphocyte count may be the best predictor
of OS. Therefore, NLR and lymphocyte count would likely
be the best choice for further investigation in similar patient
populations. Furthermore, those patients presenting with
elevated NLRs or lymphopenia may benefit from counsel-
ing regarding the prognostic implications.
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HCC, hepatocellular carcinoma; NLR, neutrophil-to-
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