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Abstract

Background: The ability of the pretreatment lymphocyte to monocyte ratio (LMR) to predict
outcomes of patients with hepatocellular carcinoma (HCC) receiving sorafenib is not conclusively
determined.

Methods: We retrospectively studied patients treated with sorafenib for HCC in two tertiary
referral centres in Asia and North America. Primary endpoints were overall survival (OS) and
progression-free survival (PFS). Predictive factors for the outcomes were determined by Cox
proportional hazards models. A risk-assessment tool was developed.
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Results: Compared to the North America cohort, the Asia cohort was more heavily pretreated
(72.1% vs. 35.2%; P<0.001), had higher hepatitis B virus infection (87.6% vs. 5.6%; ~£<0.001),
and more distant metastases (83.2% vs. 25.4%; A<0.001). Lower monocyte count in the Asia
cohort (median, 462.7 vs. 600.0/uL; £=0.023) resulted in a higher LMR (median, 2.6 vs. 1.8;
£<0.001). High LMR was associated with a significantly higher OS (hazard ratio [HR], 0.88; 95%
confidence interval [C1], 0.81—0.97; £=0.007). This was confirmed in a sensitivity analysis
including patients treated in Asia only (HR, 0.89; 95% Cl, 0.81—0.97; £=0.010). An OS
nomogram was constructed with following variables selected in the multivariate Cox model: LMR,
treatment location, previous treatment, performance status, AFP, lymph node metastasis, and
Child—Pugh score. The concordance score was 0.71 (95% CI, 0.67—0.75). LMR did not predict
PFS.

Conclusion: LMR measured before sorafenib administration predicts OS in advanced HCC
patients. Our OS nomogram, incorporating LMR, can be offered to clinicians to improve their
ability to assess prognosis, strengthen the prognosis-based decision making, and inform patients in
the clinic.
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1. Introduction

Lymphocyte to monocyte ratio (LMR) is a simple and straightforward parameter reflecting
the state of immune homeostasis. In cancer, lymphocytes represent the ability of the host to
fight against the tumour, whereas monocytes protect tumour cells by differentiating into
tumour-associated macrophages (TAM) (1-3). TAMs secrete cytokines and growth factors
that contribute to angiogenesis, local invasion, and distant metastasis (1-3).

Lymphocytes and monocytes are important prognostic factors in hepatocellular carcinoma
(HCC). A recent meta-analysis reported that preoperative LMR was associated with overall
survival (OS) and progression-free survival (PFS) in surgically-treated HCC patients (4).
However, studies so far lack generalisability because all of the analyses were performed in
patients who underwent surgery (4-6). In addition, some of the important factors that might
have influenced LMR, such as information about previous cytotoxic therapy, were missed or
not adequately controlled.

Sorafenib is a current standard of treatment for patients with advanced HCC.(7) A previous
publication that analysed two randomised controlled trials reported that the neutrophil to
lymphocyte ratio was associated with OS (8). In addition, evidence from preclinical studies
indicates that sorafenib has immunomodulatory effects such as inactivation of lymphocytes
and accumulation of regulatory T-cells (7, 9-11). These findings suggest that baseline
immune status can be implicated in predicting outcomes of sorafenib-treated HCC patients;
however, the significance of LMR as a measure of immune status has not been well studied
in this patient population.
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To determine the clinical significance of the pretreatment LMR in predicting OS and PFS,
we analysed data from patients with advanced HCC who were treated with sorafenib at two
tertiary referral centres in South Korea and United States. We also sought to develop a tool
integrating LMR into a scoring system that can predict prognosis.

Methods

2.1. Study Design and Population

This study used data from two centres, the Asan Medical Center in South Korea and the
Mayo Clinic in the United States. Patients who met the criteria for advanced HCC, either as
an initial diagnosis or as a result of recurrence, were all included. However, patients who
received other anti-cancer treatment(s) within three months before initiation of sorafenib
were not considered for inclusion, as the treatments could potentially influence the blood
cell counts.

Exclusion criteria included sorafenib treatment for less than four weeks, previous history of
liver transplantation, concomitant malignancies within three months of HCC diagnosis, and
the presence of human immunodeficiency virus infection. The Asia cohort comprised
patients treated between 2007 and 2011 and North America cohort consisted of those who
received sorafenib between 2008 and 2017.

The primary endpoints of this study were 1) overall survival (OS) and 2) progression-free
survival (PFS). Time-to-primary endpoints were calculated by subtracting the first date of
sorafenib administration from the date of primary endpoints. Data was collected until
primary endpoints were reached or loss to follow-up, whichever came first. Follow-up status
was assessed on December 315t, 2018.

Baseline characteristics were accessed by review of the electronic medical record.
Lymphocyte and monocyte counts were calculated from complete blood cell measurement.

This study was approved by the institutional review board of the Asan Medical Center
(2019-0685) and the Mayo Clinic (15-006298) and complied with the principles of the
Declaration of Helsinki.

2.2. Statistical Analysis

Cox proportional hazards models were utilised to calculate the hazard ratio (HR) of each
variable for OS and PFS in the entire population. In cases for which the primary endpoint of
progression did not occur, death of any cause was considered as a censor. Subsequently, HRs
were calculated in subgroups of patients treated in Asia and North America, separately,
considering the inherent differences in baseline characteristics, including the blood cell
counts. Finally, based on the results derived from the Cox proportional hazards models,
scoring systems predicting clinical outcomes were constructed in the form of nomogram.
The median survival was approximately 1 year and the 75t percentile of the follow-up was
at 3 years, hence nomograms were constructed predicting survival at 1 year and 3 years. We
assessed nomogram model performance by concordance score.
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All statistical methods were implemented in SAS statistical software (SAS Institute, Cary,
NC, USA), version 9.4.

3. Results

3.1. Patient Characteristics

Overall, 297 patients treated with sorafenib due to advanced stage HCC were enrolled, after
the exclusion of 279 patients meeting the exclusion criteria (Fig. 1). Those excluded were
197 patients treated with sorafenib for less than four weeks, 47 patients who received liver
transplantation before sorafenib initiation, 33 patients who were diagnosed with other
concomitant malignancies within three months of HCC diagnosis, and 2 patients infected
with human immunodeficiency virus.

Both cohorts consisted of more than 85% male patients, and the mean age was significantly
younger in the Asia cohort (54.2 vs. 61.5 years; £<0.001; Table 1). Patients in the Asia
cohort were heavily treated previously. In addition, the majority of the Asia cohort had
hepatitis B virus (HBV) infection as the underlying cause of liver disease (198 [88%]),
whereas the most common aetiology in the North America cohort was chronic hepatitis C
(27 [18%]). Patients with alcohol-associated HCC (7 [3.1%] in the Asia cohort and 13
[18.3%] in the North America cohort) did not have significant alcohol consumption within 3
months of sorafenib initiation.

Comparing blood indices in the Asia vs. the North America cohort, lymphocyte counts were
higher (median, 1184.9/uL vs. 1020.0/uL; P=0.05) and monocyte counts were significantly
lower (median, 462.7/uL vs. 600.0/uL; P=0.023), leading to a significantly higher LMR in
the Asia cohort (median, 2.6 vs. 1.8; £<0.001). In terms of tumour characteristics, the North
America cohort had significantly more patients with infiltrative HCC (41 [58%]) than the
Asia cohort (74 [33%]; £<0.001). In contrast, a significantly higher proportion of patients in
the Asia cohort did not have any intrahepatic tumours (65 [28.8%] vs. 1 [1.4%] in the North
America cohort; £<0.001), with most having metastases to distant organs (188 [83.2%]) vs.
18 [25.4%]; £<0.001).

When patients were classified according to the high vs. low LMR based on the median value
of 2.43, the low LMR group included more males (92% vs. 82%; P=0.028) and those treated
in North America (26% vs. 8.2%; £<0.001; Table 2). In contrast, the high LMR group had a
higher proportion of patients who did not have intrahepatic tumours (31% vs. 16%;
P=0.009) and who have fewer metastases to regional lymph nodes (14% vs. 24%; P=0.044),
but who had more distant metastases (80% vs. 68%; £=0.026).

3.2. Clinical Outcomes

3.2.1. Entire Cohort—The median follow-up time was 18 months (IQR, 10.0—36.4
months). During follow-up, 272 patients (Kaplan-Meier estimate, 91.6%; Fig., Supplemental
Digital Content 1) had the primary endpoint of death. By univariate analysis, age, treatment
location, previous treatment, cirrhosis, Eastern Cooperative Oncology Group (ECOG)
performance status, laboratory components of Child-Pugh score, i.e. albumin, bilirubin, and
prothrombin time (PT), alpha-fetoprotein (AFP), tumour characteristics, portal vein
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thrombosis, and LMR were associated with OS (Table 3). Subsequent multivariate analysis
identified that LMR was significantly associated with OS (HR, 0.88; 95% CI, 0.81—0.97;
P=0.007). Treatment in Asia (HR, 3.80, 95% CI, 2.03—7.10; A<0.001), previous treatment
(HR, 0.58; 95% Cl, 0.42—0.81; £=0.001), ECOG performance status (HR, 1.33; 95% ClI,
1.00—1.76; P=0.049), log;oAFP (HR, 1.25; 95% CI, 1.13—1.38; A<0.001), lymph node
metastasis (HR, 1.50; 95% ClI, 1.05—2.13; P=0.025), and Child—Pugh score (HR, 1.19; 95%
Cl, 1.03—-1.38; P=0.017) were also significantly predicted OS.

In terms of PFS, a total of 238 (80%) patients progressed during sorafenib treatment (Fig.,
Supplemental Digital Content 2). When analysed by Cox proportional hazards models, age,
treatment location, body mass index, aetiology of liver disease, albumin, AFP levels, portal
vein thrombosis, and distant metastasis were significantly associated with progression by
univariate analysis (Table, Supplemental Digital Content 3). Neither LMR nor lymphocyte
or monocyte counts predicted PFS (HR for LMR, 0.96; 95% CI, 0.88—1.03; P=0.25). After
multivariate analysis, age (HR, 0.98; 95% CI, 0.96—0.99; £=0.003), treatment in Asia (HR,
3.31; 95% ClI, 1.69—-6.49; P<0.001), albumin (HR, 0.65; 95% CI, 0.48—0.88; ~£=0.006), and
log10AFP (HR, 1.13; 95% ClI, 1.02—1.25; P=0.024) remained statistically significant.

3.2.2. Asia Cohort—Due to the impact of treatment location on clinical outcomes and
the significant differences in blood cell counts observed between the two institutions, we
performed a subgroup analysis including patients treated in South Korea only. Similar to the
results derived from the entire cohort, previous treatment, cirrhosis, ECOG performance
status, platelet count, AFP level, tumour characteristics, portal vein thrombosis, lymph node
metastasis, Child—Pugh score and the laboratory components of the Child—Pugh score were
shown to be significant predictors for OS by the univariate analysis (Table 4). Lymphocytes
(HR, 0.97, 95% CI, 0.95—0.99; P=0.004), monocytes (HR, 1.11; 95% Cl, 1.04—1.17;
P<0.001), and the LMR (HR, 0.84, 95% ClI, 0.77—0.92; £<0.001) were all associated with
OS. After multivariate adjustment, low LMR predicted OS (HR, 0.89; 95% CI, 0.81—0.97;
P=0.010), together with previous treatment (HR, 0.61; 95% ClI, 0.43—0.87; £=0.006), ECOG
performance status (HR, 1.37; 95% CI, 1.01—1.84; P=0.042), AFP levels (HR for logsq
transformed values, 1.27; 95% ClI, 1.14—1.41; A<0.001), lymph node metastasis (HR, 1.77;
95% Cl, 1.23—2.54; P=0.002), and Child—Pugh score (HR, 1.24; 95% CI, 1.05—1.47;
P=0.010).

LMR was not associated with PFS by the univariate analysis (HR, 0.90; 95% ClI, 0.83—0.98;
P=0.017; Table, Supplementary Digital Content 4). However, age (HR, 0.98; 95% CI, 0.97—
1.00; £=0.012) and infiltrative tumours (HR, 1.43; 95% CI, 0.91—2.25; P=0.046) remained
significant after multivariate adjustment.

3.2.3. North America Cohort—Next we performed a subgroup analysis of the North
America cohort. Fifty-two (73%) and 51 (72%) patients died and progressed, respectively,
during the study period.

In this cohort, aetiology of liver disease (P=0.09), alanine aminotransferase (ALT) levels
(P<0.001), ECOG performance status (P=0.06), portal vein thrombosis (~£=0.06), and
Child—Pugh score (P=0.046) were associated with OS by the univariate analysis and ALT
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levels (HR, 1.02; 95% CI, 1.01—-1.03; A<0.001) remained significant after multivariate
analysis (Table, Supplemental Digital Content 5). LMR did not show statistical significance
by univariate analysis (HR, 0.93; 95% ClI, 0.60—1.44; P=0.75).

PFS was associated with albumin, ALT, and PT (Table, Supplemental Digital Content 6),
and ALT levels (HR, 1.01; 95% Cl, 1.00—1.02; £=0.003) remained statistically significant in
the multivariate analysis. LMR was not a significant predictor of PFS by the univariate
analysis (HR, 0.95; 95% CI, 0.61—1.49; P=0.83).

3.3. Survival Prediction Tool

We constructed a survival prediction tool incorporating clinical variables that were shown to
be significant in the Cox proportional hazards models. For the entire cohort, OS was 31.7%
(95% Cl, 26.4-37.1) at 1 year and 11.4% (7.6-15.2) at 3 years. Fig. 2 shows the nomogram
constructed to predict the probability of OS at 1 year and 3 years after sorafenib initiation.
The concordance score was 0.71 (95% ClI, 0.67-0.75). Supplemental Digital Content 7
(Fig.) shows the OS nomogram constructed in the Asia cohort (concordance score, 0.74;
95% ClI, 0.70-0.78).

4. Discussion

The critical role of the immune system in various malignancies, in terms of carcinogenesis,
progression, and response to therapy, has been previously demonstrated. LMR reflect the
status of immune homeostasis. Lymphocytes in the peripheral blood of cancer patients play
a role in the anti-cancer macroenvironment which fights against the tumour cells in general
(12). Lymphocytes can also migrate to the tumour tissue, form tumour-infiltrating
lymphocytes (TILs) within the tumour mass, and induce apoptosis of tumour cells (12). In
contrast, monocytes move toward the tumour and differentiate into TAMs which function as
a pro-cancer microenvironment by facilitating tumour cell migration, invasion, metastasis,
and angiogenesis and by protecting the tumour from the anti-tumour immune response (1-3,
13-17). A pathologic evaluation of tumour tissue from patients who received liver
transplantation due to HCC revealed that low LMR was associated with low CD3-positive to
CD68-positive cell ratio (18).

Earlier studies that revealed the prognostic significance of LMR were mostly performed in
patients with haematologic malignancies (19, 20). Later, LMR was shown to be prognostic
in patients with solid organ cancers (21, 22); however, with regard to HCC, most studies
were performed in patients who underwent surgical resection (23). For instance,
preoperative LMR was significantly associated with OS and PFS in one study; however, all
of the patients had HBV infection (5, 6). A similar study of surgically treated HBV-
associated HCCs also reported that LMR was a significant predictor of OS and PFS;
however, the study population comprised patients with both early and intermediate stage
HCC (24).

With regard to patients treated with sorafenib, only one study has demonstrated an
association of LMR with OS and PFS; however, the patient number was relatively small
(n=142) and intermediate-stage patients (46 out of 142; 32.4%) were also included (25). In
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addition, key clinical information of potential impact on the clinical outcomes or blood cell
counts, such as tumour characteristics, cirrhosis, and recent anti-cancer treatment, were not
available or adequately controlled for in the analysis.

Several preclinical studies have reported that treatment with tyrosine kinase inhibitors is
negatively associated with the function of antigen-presenting cells and T-lymphocytes (26,
27). These findings suggest that immune function is potentially important in sorafenib
treatment, leading us to investigate the role of LMR in sorafenib-treated patients.

Consistent with the previous studies, lymphocytes and monocytes significantly predicted OS
in our unadjusted analysis including HCC patients treated with sroafenib. The impact (HRS)
and statistical significance (Pvalues) were greater when lymphocytes and monocytes were
combined into a single marker, LMR. However, a specific cut-off point which determined
longer vs. shorter OS was not identified (data not shown). Therefore, we incorporated LMR
as a continuous variable into the nomogram.

Our nomogram included variables related to demographics (treatment location), clinical
history (previous treatment), performance status, tumour characteristics (AFP and lymph
node metastasis), and liver function (Child—Pugh score), in addition to LMR. These
covariates were selected based on a backward procedure. The highest HR was observed for
the variable ‘treatment location’, which largely represent the difference in the patients’ race.
Previous randomised controlled trials of sorafenib in HCC demonstrated that survival time
of Asian patients were shorter than that of non-Asian patients (28, 29), even for those who
received placebo. In a study which analysed these trials, Asian race was a poor prognostic
factor for OS by the univariate analysis in the sorafenib arm (HR, 1.73; £=0.028), but was
not statistically significant after multivariate adjustment (8). In our predictive model, Asia
cohort, which consists of 100% Asian, was associated with a higher risk of death than North
America cohort comprised of 90% Caucasian. It needs to be verified in future studies
whether race is a significant predictor for OS in sorafenib-treated patients, after adjusting for
immunologic biomarkers such as LMR.

AFP level and Child—Pugh score were significant in our multivariate model. This is
consistent with the results of several prior studies (8, 30). Presence of lymph node metastasis
was also reported to be a poor prognostic factor for OS in sorafenib-treated patients in a
previous publication (31).

Of note, previous treatment was associated with a 42% reduction in risk of death. Findings
from an observational registry of sorafenib-treated patients revealed that concomitant or
prior treatment with TACE was associated with markedly longer OS time (32). A secondary
analysis of a study which compared sorafenib vs. sunitinib also identified that prior surgical
or locoregional therapy was associated with better OS in patients who received sorafenib
(33). Considering more than half of patients receiving curative therapy for HCC experience
recurrence and a considerable number of sorafenib candidates were treatment-experienced
(28, 29), identifying ‘previous treatment’ as a predictive factor and including it in the risk
prediction model could have utility in the clinical setting.
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Meanwhile, in North America cohort where LMR was not associated with outcomes, higher
ALT levels predicted poorer OS and PFS. In contrast, in Asia cohort where LMR was an
independent predictor of the outcomes, ALT levels did not show statistical significance. As
shown in our analyses, median HBV DNA levels were not markedly high and only 30% of
patients showed HBV DNA titre of >20,000 1U/mL (data not shown), probably due to the
use of nucleos(t)ide analogues. Also, the median ALT levels are significant lower in Asia
cohort when compared to that of North America cohort, where chronic hepatitis C virus
(HCV) is more prevalent and effective treatment options were limited before 2015. From
these results, it can be speculated that LMR performs better in predicting outcomes of HCC
patients when chronic inflammation, which definitely influences blood cell counts, is under
good control. Thanks to direct-acting antivirals, HCV can be efficiently eradicated in >90%
of patients who receive treatments (34). If these patients develop HCC, LMR might serve as
a useful prognostic tool in North American patients as well.

LMR measured before sorafenib administration did not predict PFS. Studies of patients with
ovarian cancer (35), gastric cancer (36), upper urinary tract cancer (37) did not observe an
association between LMR and event-free or PFS. These findings suggest that response to
anti-cancer therapy is determined by multiple factors including tumour characteristics and
the mechanism of the drugs; however, the eventual outcome such as survival might be
modulated by the patient’s overall immunologic status.

Of note, patients with low LMR showed more infiltrative tumours and invasion to regional
lymph nodes whereas those with high LMR were more likely to have distant metastases at
the time of sorafenib initiation. It is plausible that tumour cells, which invade blood vessels
and enter into the systemic circulation, sensitise the immune system at the time of metastatic
colonisation, resulting in increased lymphocyte counts and high LMR. Our findings suggest
that the predictive ability of high LMR is primarily the result of eliminating tumour cells
that are already in the systemic circulation, rather than suppression of regional proliferation
in the localised disease, during sorafenib treatment.

Before utilising LMR and our nomogram in clinical practice, it would be helpful to
demonstrate the direct correlation between LMR and tumour pathology. In this study, we did
not determine whether patients with high LMR actually showed high TILs and low TAMs.
Considering that the diagnosis of HCC does not mandate biopsy and physicians’ tendency to
avoid invasive procedures in advanced-stage HCC patients due to their perceived bleeding
risk, it may be neither realistic nor ethical to obtain the tumour tissue in every patient.
However, additional analyses using readily available data from clinical trials to correlate
with immunologic phenotypes derived from the tumour tissue and peripheral blood would be
possible. Furthermore, our nomogram could be used as a surrogate for immunologic criteria
during analyses of the results from clinical trials or the design of future studies, particularly
those examining the efficacy of immunotherapy.

This study included a relatively large number of patients who were uniformly treated with
sorafenib due to advanced stage HCC at two international tertiary referral centres; however,
the majority of patients were of Asian or Caucasian race. Considering the high prevalence of
HBYV infection and the typical diagnosis of HCC at advanced stages in African patients (38),
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it is definitely important to validate whether LMR and our nomogram are prognostic in
African HCC patients, as well as in a larger Caucasian cohort, particularly in whom HCV is
well controlled. Finally, as the LMR was identified as a predictor of OS in advanced HCC
patients treated with sorafenib, it would be of interest to assess the dynamic change in LMR
during treatment on a regular basis and determine whether changes in LMR are associated
with clinical outcomes in future studies.

In conclusion, LMR measured prior to initiation of sorafenib was significantly associated
with OS in patients with advanced-stage HCC. When considering sorafenib treatment in
advanced HCC patients, a new OS nomogram incorporating LMR can aid in educating
patients, prognosticating and making prognosis-based decisions for physicians. In addition,
it could potentially be utilised in selecting eligible patients for future clinical trials.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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576 Assessed for eligibility

279 Were excluded

197 Were treated less than 4 weeks
47 Received liver transplantation
> before sorafenib initiation
33 Were diagnosed with other malignancies
within 3 months of HCC diagnosis
2 Had HIV infection

A

y

y

226 Treated at Asan Medical Center

71 Treated at Mayo Clinic

Fig. 1.
Study Cohort.
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Table 1.

Demographic and Clinical Characteristics of the Patients at Baseline by Treatment Site.

Characteristic Asan Medical Center (N =226) Mayo Clinic (N =71) P

Age - yr, mean = SD 54.2+11.0 61.5+12.5 <0.001
Male sex — no. (%) 196 (86.7) 61 (85.9) 0.86
BMI — kg/m2, median (IQR) 23.2(21.8,25.2) 28.1 (24.7, 30.6) <0.001
Race — no. (%) <0.001

Asian 226 (100.0) 4(5.6)

Caucasian 0(0.0) 64 (90.1)

African 0 (0.0) 3(4.2)
Previous treatment, no. (%)

Surgery 66 (29.2) 4 (5.6) <0.001

Ablation 39 (17.3) 5(7.0) 0.036

Transarterial embolization 137 (60.6) 23 (32.4) <0.001

Radiation ™ 33 (14.6) 4(5.6) 0.06

Others 19 (8.4) 0(0.0) 0.009
Etiology of liver disease, no. (%) <0.001

Hepatitis B virus 198 (87.6) 4 (5.6)

Hepatitis C virus 6 (2.7) 27 (38.0)

Alcohol 7(3.1) 13 (18.3)

Non-alcoholic fatty liver 8(3.5) 4 (5.6)

Others or unknown 7(3.1) 23(32.4)
Cirrhosis, no. (%) 144 (63.7) 53 (74.6) 0.09
ECOG Performance Status, no. (%) 0.11

0 120 (53.1) 30 (42.3)

1 or higher 106 (46.9) 41 (57.7)
Lymphocyte — /uL, median (IQR) 1184.9 (808.2, 1711.3) 1020.0 (662.1, 1490.0)  0.05
Monocyte — /L, median (IQR) 462.7 (332.4, 647.7) 600.0 (455.0, 770.0)  0.023
LM ratio, median (IQR) 2.6 (0.3, 10.5) 1.8 (0.7, 3.8) <0.001
Platelet — x10%/uL, median (IQR) 122.5 (82.0, 173.0) 146.0 (107.5, 241.0) 0.029
Albumin — g/dL, median (IQR) 35(3.2,3.9) 35(3.1,3.9) 0.74
Alanine aminotransferase — IU/L, median (IQR) 34.0 (24.0, 53.0) 52.0 (28.0, 84.0) 0.005
Bilirubin — mg/dL, median (IQR) 1.1(0.9,1.5) 1.3(0.6,2.1) 0.027
PT - INR, median (IQR) 11(1.1,1.2) 1.2(1.1,1.4) 0.004
Creatinine — mg/dL, median (IQR) 0.8 (0.7, 0.9) 0.9(0.8,1.0) 0.19
Log;oAFP — ng/mL, median (IQR) 2.6 (1.2,3.6) 2.6 (1.4,3.3) 0.22
Hepatitis B virus DNA — IU/mL, median (IQR) 1085.5 (27.0, 72900.0) 84.2 (2.3,704.3) 0.19
Tumor characteristics, no. (%) <0.001

Nodular intrahepatic lesion(s)

87 (38.5)

29 (40.8)
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Characteristic Asan Medical Center (N =226)  Mayo Clinic (N =71) P

No intrahepatic lesion 65 (28.8) 1(1.4)

Infiltrative intrahepatic lesion(s) 74 (32.7) 41 (57.7)
Portal vein thrombosis, no. (%) 99 (43.8) 32 (45.1) 0.85
Regional lymph node metastasis, no. (%) 41 (18.1) 18 (25.4) 0.18
Distant metastasis, no. (%) 188 (83.2) 18 (25.4) <0.001
Child-Pugh score, median (IQR) 6.0 (5.0, 6.0) 6.0 (5.0, 8.0) 0.002

Radiotherapy to intrahepatic lesions (including portal vein thrombosis).

Page 16

SD, standard deviation; IQR, interquartile ranges; BMI, body mass index; ECOG, Eastern Cooperative Oncology Group; LM ratio, lymphocyte/
monocyte ratio; PT, prothrombin time; INR, international normalized ratio; AFP, alpha-fetoprotein
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Table 2.
Demographic and Clinical Characteristics of the Patients at Baseline by Lymphocyte to Monocyte Ratio
Characteristic Lymphoc;;tf1 é[o( ’I\\l/lgrlg%te Ratio = Lymphoc;;t.i 3’50( ’I\\‘/Igrl%%);te Ratio < p
Age - yr, mean = SD 55.4+11.4 559+11.8 0.71
Male sex — no. (%) 110 (82.1) 122 (91.7) 0.028
Treatment location — no. (%) <0.001
Asia 123 (91.8) 99 (74.4)
North America 11(8.2) 34 (25.6)
BMI — kg/m?, median (IQR) 23.8 (22.3, 26.0) 23.2(21.7,25.4) 0.14
Previous treatment, no. (%)
Surgery 45 (33.6) 22 (16.5) 0.002
Ablation 23(17.2) 19 (14.3) 0.62
Transarterial embolization 75 (56.0) 76 (57.1) 0.90
Radiation * 8 (6.0) 27 (20.3) 0.001
Others 10 (7.5) 8(6.0) 0.81
Etiology of liver disease, no. (%) 0.29
Hepatitis B virus 106 (79.1) 91 (68.4)
Hepatitis C virus 9(6.7) 13(9.8)
Alcohol 7(5.2) 8(6.0)
Non-alcoholic fatty liver 5(3.7) 6 (4.5)
Others or unknown 7(5.2) 15 (11.3)
Cirrhosis, no. (%) 86 (64.2) 89 (66.9) 0.70
ECOG Performance Status, no. (%) 0.54
0 72 (53.7) 66 (49.6)
1 or higher 62 (46.3) 67 (50.4)
Lymphocyte — /uL, median (IQR) 1465.4 (1099.5, 1994.2) 917.6 (600.0, 1206.0) <0.001
Monocyte — /UL, median (IQR) 404.5 (290.0, 517.1) 584.6 (442.5, 788.0) <0.001
Platelet — x103/uL, median (IQR) 122.5(87.8,174.3) 127.0 (78.0, 193.5) 0.80
Albumin - g/dL, median (IQR) 3.7(3.4,4.0) 3.4(3.0,3.7) <0.001
Alanine aminotransferase — IU/L, median (IQR) 32.0 (22.0, 50.5) 39.5(27.0, 69.8) 0.002
Bilirubin — mg/dL, median (IQR) 1.0(0.9,1.4) 1.2 (0.9,1.8) 0.08
PT - INR, median (IQR) 1.1 (0.9, 1.8) 1.1(1.1,1.2) 0.001
Creatinine — mg/dL, median (IQR) 0.9 (0.7, 1.0) 0.8 (0.7, 1.0) 0.27
Log;0AFP — ng/mL, median (IQR) 2.4(1.2,3.6) 2.7(1.4,37) 0.46
Hepatitis B virus DNA — IU/mL, median (IQR) 1100.0 (0.0, 36607.0) 960.0 (83.5, 220000.0) 0.22
Tumor characteristics, no. (%) 0.009
Nodular intrahepatic lesion(s) 50 (37.3) 55 (41.4)
No intrahepatic lesion 42 (31.3) 21 (15.8)
Infiltrative intrahepatic lesion(s) 42 (31.3) 57 (42.9)
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Characteristic Lymphoc;;t.iéilm/lgr}%%te Ratio = Lymphoc;;t.iéo(kl/lgq%%te Ratio < p
Portal vein thrombosis, no. (%) 54 (40.3) 65 (48.9) 0.18
Regional lymph node metastasis, no. (%) 19 (14.2) 32 (24.1) 0.044
Distant metastasis, no. (%) 107 (79.9) 90 (67.7) 0.026
Child-Pugh score, median (IQR) 5.0 (5.0, 6.0) 6.0 (5.0, 7.0) <0.001

*
Radiotherapy to intrahepatic lesions (including portal vein thrombosis).

SD, standard deviation; IQR, interquartile ranges; BMI, body mass index; ECOG, Eastern Cooperative Oncology Group; LM ratio, lymphocyte/

monocyte ratio; PT, prothrombin time; INR, international normalized ratio; AFP, alpha-fetoprotein
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Table 3.

Univariate and multivariate analyses of the factors for overall survival in the entire cohort

Variable Univariate Multivariate
Hazard ratio (95% CI) P Hazard ratio (95% CI) P
Age —per 1 yr 0.99 (0.98—1.00) 0.046 0.99 (0.98—1.00) 0.15
Male sex 1.33 (0.93-1.89) 0.12
Treatment location 0.049 <0.001
North America Reference Reference
Asia 1.35 (1.00—1.84) 3.80 (2.03—7.10)
BMI — per 1 kg/m? 0.98 (0.95—1.02) 0.28
Previous treatment 0.61 (0.47-0.78) <0.001 0.58 (0.42—0.81) 0.001
Etiology of liver disease 0.07 0.35
HBV Reference Reference
Hepatitis C virus 1.22 (0.82—1.82) 2.02 (1.02—3.99)
Alcohol 0.93 (0.56—1.53) 1.34 (0.67—2.69)
NAFLD 0.65 (0.34—1.22) 1.19 (0.55—2.60)
Others or unknown 0.59 (0.37-0.92) 1.13 (0.56—2.25)
Cirrhosis 1.34 (1.04-1.72) 0.024 1.09 (0.82—1.47) 0.55
ECOG PS, 1 or higher 1.52 (1.20—1.94) <0.001 1.33(1.00-1.76) 0.049
Lymphocyte, per 100/uL 0.98 (0.96—1.00) 0.014
Monocyte, per 100/uL 1.08 (1.03-1.15) 0.005
LM ratio, per 1 unit 0.88 (0.81—0.95) 0.001 0.88 (0.81—0.97) 0.007
Platelet, per 10000/uL 1.01 (1.00—1.03) 0.10
Albumin, per 1 g/dL 0.46 (0.36—0.59) <0.001
Bilirubin, per 1 mg/dL 1.30 (1.18-1.43) <0.001
ALT, per 1 IU/L 1.00 (1.00—1.01) 0.10
PT INR, per 1 unit 4,77 (2.83—8.04) <0.001
Creatinine, per 1 mg/dL 0.91 (0.66—1.25) 0.54
Log;oAFP, per 1 ng/mL 1.12 (1.08-1.16) <0.001 1.25(1.13-1.38) <0.001
HBV DNA, 20,000 1U/mL or higher 1.36 (0.92—2.00) 0.13
Tumor characteristics <0.001 0.72
Nodular lesion(s) Reference Reference
No liver lesion 0.62 (0.45—0.85) 0.87 (0.61—-1.25)
Infiltrative lesion(s) 1.39 (1.06—1.82) 1.01 (0.69—1.49)
Portal vein thrombosis 1.78 (1.40—2.27) <0.001 1.27 (0.91-1.78) 0.17
Lymph node metastasis 1.33(0.98—1.79) 0.07 1.50 (1.05—2.13) 0.025
Distant metastasis 0.99 (0.76—1.29) 0.96
CP score, per 1 point 1.34 (1.20—1.49) <0.001 1.19 (1.03—1.38) 0.017
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Cl, confidence interval; BMI, body mass index; HBV, hepatitis B virus; NAFLD, non-alcoholic fatty liver disease; ECOG PS, Eastern Cooperative
Oncology Group Performance Status; LM ratio, lymphocyte/monocyte ratio; ALT, alanine aminotransferase; PT, prothrombin time; INR,
international normalized ratio; AFP, alpha-fetoprotein; CP score, Child-Pugh score.
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Table 4.

Univariate and multivariate analyses of the factors for overall survival in Asia cohort

Variable Univariate Multivariate
Hazard ratio (95% CI) P Hazard ratio (95% CI) P

Age —per 1yr 0.99 (0.98—1.01) 0.27
Male sex 1.20 (0.81-1.78) 0.35
BMI — per 1 kg/m? 0.98 (0.93—1.03) 0.40
Previous treatment 0.43 (0.32—0.58) <0.001 0.61 (0.43—-0.87) 0.006
Etiology of liver disease 0.69

HBV Reference

Hepatitis C virus 1.36 (0.60—3.06)

Alcohol 1.51 (0.71-3.21)

NAFLD 0.94 (0.46—1.90)

Others or unknown 0.74 (0.33—-1.67)
Cirrhosis 1.32 (1.00—1.74) 0.049 1.13 (0.83—1.54) 0.44
ECOG PS, 1 or higher 1.57 (1.20—2.06) <0.001 1.37 (1.01—-1.84) 0.042
Lymphocyte, per 100/uL 0.97 (0.95—0.99) 0.004
Monocyte, per 100/uL 1.11 (1.04-1.17) <0.001
LM ratio, per 1 unit 0.84 (0.77-0.92) <0.001 0.89 (0.81-0.97) 0.010
Platelet, per 10000/pL 1.03 (1.01—1.04) 0.001 1.01 (0.99—1.03) 0.29
Albumin, per 1 g/dL 0.42 (0.31-0.56) <0.001
Bilirubin, per 1 mg/dL 1.75(1.41-2.17) <0.001
ALT, per 1 IU/L 1.00 (1.00—1.00) 0.88
PT INR, per 1 unit 9.61 (3.91-23.61) <0.001
Creatinine, per 1 mg/dL 0.95 (0.71-1.26) 0.72
Log;0AFP, per 1 ng/mL 1.34(1.21-1.47) <0.001 1.27 (1.14-1.41) <0.001
HBYV DNA, 20,000 IU/mL or higher 1.35(0.91-2.00) 0.13
Tumor characteristics <0.001 0.89

Nodular lesion(s) Reference Reference

No liver lesion 0.56 (0.40—0.78) 0.92 (0.64—1.33)

Infiltrative lesion(s) 1.52 (1.12—2.08) 1.02 (0.68—1.54)
Portal vein thrombosis 1.86 (1.42—2.44) <0.001 1.24 (0.86—1.78) 0.25
Lymph node metastasis 1.69 (1.20—2.38) 0.003 1.77 (1.23-2.54) 0.002
Distant metastasis 0.80 (0.56—1.15) 0.23
CP score, per 1 point 1.55(1.36—1.78) <0.001 1.24 (1.05-1.47) 0.010
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ClI, confidence interval; BMI, body mass index; HBV, hepatitis B virus; NAFLD, non-alcoholic fatty liver disease; ECOG PS, Eastern Cooperative

Oncology Group Performance Status; LM ratio, lymphocyte/monocyte ratio; ALT, alanine aminotransferase; PT, prothrombin time; INR,

international normalized ratio; CP score, Child-Pugh score.

Hepatol Int. Author manuscript; available in PMC 2021 September 01.



	Abstract
	Introduction
	Methods
	Study Design and Population
	Statistical Analysis

	Results
	Patient Characteristics
	Clinical Outcomes
	Entire Cohort
	Asia Cohort
	North America Cohort

	Survival Prediction Tool

	Discussion
	References
	Fig. 1
	Fig. 2
	Table 1.
	Table 2.
	Table 3.
	Table 4.

