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Background: The immune checkpoint inhibitor (ICIs) therapy has been proven effective in a range of solid
tumors including hepatocellular carcinoma (HCC), non-small cell lung carcinoma and metastatic melanoma.
However, only a subset of approximately 20% of patients shows an objective response to anti-PD-1 therapy
in HCC. Furthermore, the response to anti-PD-1 therapy is not correlated with programmed cell death 1
ligand expression in tumor tissue. Therefore, it is urgent to identify a biomarker to predict the response of
anti-PD-1 therapy.

Methods: This retrospective study was conducted at the Fudan University Shanghai Cancer Center from
December 2019 to June 2021. The monocyte-to-lymphocyte ratio (MLR) was analyzed using a receiver
operating characteristic (ROC) curve. A Cox regression model and the log-rank test were used to analyze the
relationship between the MLR value and the time to progression (T'TP).

Results: A total of 34 advanced HCC patients were enrolled in this study. The cut-off point for the MLR
at baseline was 0.35. Univariate and multivariate Cox regression models showed that the MLR at baseline
was significantly correlated with the TTP (P<0.05). Consistent results were found for disease progression.
The log-rank test showed that patients in the low MLR group had a longer TTP (P=0.0027). At the time of
disease progression, the median TTP in the low and high MLR groups were 33 and 18 weeks, respectively
(P=0.0047).

Conclusions: The MLR can predict the response to anti-PD-1 therapy, and a high MLR is correlated with
a short TTP in anti-PD-1-treated HCC patients.
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Introduction B virus (HBV) and hepatitis C virus (HCV), the incidence
and mortality of HCC are currently still rising (2).
Approximately 20% are diagnosed in the intermediate
tumor of the digestive system that develops rapidly and stage and can gain survival benefits up to 20 months from

has high mortality (1). Due to the prevalence of hepatitis trans-arterial chemoembolization (TACE). The majority of

Hepatocellular carcinoma (HCC) is a common malignant
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patients, however, are diagnosed in the advanced stages of
the disease when the disease is beyond resection and when
locoregional treatments are ineffective. Thus, the prognosis
for these patients is poor (3).

Recently, immune checkpoint inhibitors (ICIs) have been
developed for the treatment of HCC, and nivolumab, an
antibody targeting programed cell death protein 1 (PD-1),
has become the third targeted drug for systemic therapy
following sorafenib and regorafenib and has been overall well
tolerated compared to sorafenib with low rates of grade 3/4
toxicities in HCC patients (4). Nivolumab is a humanized
monoclonal antibody (mAb) that blocks the interaction
between PD-1 and its ligands (PD-L1 and PD-L2) and
has been approved for the treatment of advanced HCC in
many countries, such as the United States (5) and Singapore.
Nivolumab demonstrated significantly improved overall
survival (OS) with a 58% objective response rate in advanced
melanoma (6), while only approximately 20% of patients
showed an objective response in HCC (4). Furthermore,
the response to nivolumab was not correlated with PD-L1
expression in tumor tissue (7,8). Although the tumor
mutation burden (TMB) has gradually become a potential
marker for predicting the efficacy of immune checkpoint
treatment (9,10), there are still many problems with the TMB
as a predictive marker because of the high cost, the detection
standards of different platforms and so on.

Systemic inflammation is associated with tumor specific
immunity and studies have suggested a clinically important
relationship between systemic inflammation and response
to ICIs. The neutrophil-to-lymphocyte ratio (NLR),
the platelet-to-lymphocyte ratio (PLR) and lymphocyte
to monocyte ratio (LMR) were the commonly validated
indices (11). Elevated NLR and PLR have been associated
with inferior outcomes, with higher pre-treatment scores
being associated with poorer OS and progression free
survival (PFS) in patients treated with ICIs for non-small
cell lung cancer NSCLC) (12). A meta-analysis of 17 studies
showed that patients with higher baseline NLRs had
significantly poorer PFS and OS, while no significant
relevance was found between PLR and clinical endpoints in
patients treated with ICIs (13). LMR, as a marker of immune
activation, showed an interlink with the overstimulation of
the immune system. Increased LMR is associated with an
unfavorable prognosis in advanced gastric cancer patients
receiving immunotherapy (14). All the above research
indicated that systemic inflammation is closely related to
the immunotherapy response. So, whether NLR, PLR and
MLR can play predictive roles in HCC patients treated with
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IClIs is still unknow. For this purpose, we conduct the study.

In the present study, we aimed to identify novel
biomarkers to predict the response of anti-PD-1 therapy in
patients with advanced HCC. Our study showed that the
monocyte-to-lymphocyte ratio (MLR) was significantly
correlated with the time to progression (T'TP), and patients
with a high MLR showed a short TTP. Our results suggest
that the MLR is a promising biomarker for predicting the
response in anti-PD-1-treated advanced HCC patients.

We present the following article in accordance with
the STROBE reporting checklist (available at https://tcr.
amegroups.com/article/view/10.21037/tcr-21-1760/rc).

Methods
Patients

The study involving human participants were conducted
in accordance with the Declaration of Helsinki (as revised
in 2013). The study was approved by Institutional Ethics
Board of the Fudan University Shanghai Cancer Center
(IRB No. 050432-4-1212B) and individual consent for this
retrospective analysis was waived. In this retrospective study,
a total of 34 HCC patients who visited the Department of
Integrative Oncology at Fudan University Shanghai Cancer
Center between December 2019 and June 2021 were
enrolled. One patient who gave up therapy after one cycle
of treatment was excluded. All patients were pathologically
diagnosed with HCC by tumor biopsy and received anti-
PD-1 therapy. All medical records, including those on age,
sex, Eastern Cooperative Oncology Group (ECOG) score,
HBYV infection status, alpha-fetoprotein (AFP) level, blood
cell counts, and prior therapies (including sorafenib therapy,
chemotherapy and radiology), were collected with written
informed consent from the enrolled patients. Blood cell
counts were collected from all patients at two different time
points: within 2 weeks prior to the initiation of therapy
and either within 1 week when the disease progressed or
8 weeks after the initiation of therapy when the disease was
stable or retracted.

Neutrophil-to-lymphocyte ratio (NLR) was calculated as
absolute neutrophil count (ANC) (number of neutrophils/
pL) divided by absolute lymphocyte count (ALC) (number
of lymphocytes/pL), PLR was calculated as absolute platelet
(PLT) count (number of PL’Ts/pL) divided by ALC (number
of lymphocytes/pL), MLR was calculated as absolute
monocyte count (number of PLTs/pL) divided by ALC
(number of lymphocytes/pL). The above three ratios were
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compared by using receiver operating characteristic (ROC)
to calculated the areas under the curve (AUC). The cut-
off value of the three ratios were calculated based on the
ROC curves for PFS. The best AUC of the corresponding
ratio was the candidate to be a biomarker. Considering the
consistence and effectiveness of biomarkers, we choose two
time points (the baseline and progression) as comparison.
The data at baseline is the test group, and the data after
treatment is the verification group. When the results at two
groups are consistent, we can make the conclusion.

Treatment and evaluation

The inclusion criteria for anti-PD-1 treatment were as
follows: age >18 years, life expectancy >4 weeks, an ECOG
performance status of 0 or 1, the presence of advanced HCC
(unresectable and/or metastatic) that was histologically
confirmed, and the presence of at least one tumor lesion
that could be accurately measured in at least one dimension
according to the Immune-related Response Evaluation Criteria
in Solid Tumors (irRECIST 1.1) (15). Previously treated
lesions were not selected as target lesions. Local therapy was
completed at least 4 weeks prior to the baseline scan.

A dose of 200 mg anti-PD-1 drug was administered by
a 30-minute IV infusion on day 1 of each treatment cycle
every 2 weeks until progression or unacceptable toxicity.
Dose reduction was performed when toxicity occurred.
The median cycle of the patients is 12 weeks, range 2
to 36 weeks. Laboratory tests, including liver function
tests and blood cell counts, were performed every two
weeks. Follow-up with contrast-enhanced computed
tomography (CT) or magnetic resonance imaging (MRI)
was performed every 8 weeks after anti-PD-1 treatment
to assess the tumor response and guide timely decision
making for subsequent therapies. irRECIST 1.1 was used
to evaluate the tumor response (15), which was classified
into 4 categories: complete response (CR), partial response
(PR), stable disease, and progressive disease (PD). PD
by irRECIST should be confirmed by the subsequent
follow-up examination (not less than 4 weeks). Once
PD occurred, other systemic or local therapies, such as
chemotherapy and radiofrequency ablation, were used. The
time to progression (T'TP) was calculated from the date of
the first treatment to the date of PD.

Statistical analysis

The cut-off value for the MLR was determined by using
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ROC curves to select patients with a good response to anti-
PD-1 treatment. The corresponding value at the maximum
sensitivity and specificity was defined as the optimal cut-
off point. Paired #-test was used to analyze the difference
between two independent samples. Cox regression models
with univariate and multivariate analyses were used to
identify the best predictor of survival. The predictors
were estimated using the relative risk and 95% confidence
intervals (CIs) in the regression model. The log-rank test
was used to compare the TTP between the high and low
MLR groups. Statistical significance was set at P<0.05 (two-
sided). All statistical analyses were performed using SPSS
software, version 19.0 (Chicago, IL, USA).

Results
Baseline patient characteristics

A total of 34 patients, including 28 men and 6 women, were
enrolled in this study. The characteristics at baseline and
progression are listed in 7able 1. The time of baseline and
progression were defined as pre-therapy and post-therapy,
respectively. The mean age of the patients was 51.44 years.
A total of 32% of patients had an ECOG score of 0, and
68% of patients had an ECOG score of 1. A total of 71%
of patients had HBV infection. Moreover, 68% of patients
had an AFP level of less than 400. Most patients underwent
liver cancer resection (82%). A total of 53%, 74% and
29% of patients received sorafenib therapy, chemotherapy
and radiotherapy, respectively. The median numbers of
the ANC, absolutely monocyte count (AMC), absolute
lymphocyte count (ALC), PLT, NLR and PLR were 2.95,
0.5, 1.40, 149.5, 2.4 and 107.9, respectively.

ROC curves were used to analyze the NLR, PLR and
MLR at baseline and progression to determine the best
biomarker and cut-off point (Figure I). The areas under the
curve (AUC) values of the NLR, PLR and MLR at baseline
were 0.569, 0.711 and 0.852, respectively (Figure 14). The
AUC values of the NLR, PLR and MLR at progression
were 0.684, 0.779 and 0.796, respectively (Figure 1B). With
the Youden index, the optimal cut-off points of the MLR
at baseline and progression were both 0.35. We chose the
MLR as the optimal biomarker for survival analysis because
it had the best AUC and had the same cut-off value at the
two time points.

The values of the ANC, AMC, ALC, NLR, MLR and
PLR at the time of baseline and progression were compared
by paired #-test. There was no significant difference in those
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Table 1 Characteristics of anti-PD-1-treated advanced HCC
patients at baseline and progression

Table 1 (continued)

Variables Pre-therapy (n=34) Post-therapy(n=34) Variables Pre-therapy (n=34) Post-therapy(n=34)

Age (years; mean + SD) 51.44+£11.70 51.44+£11.70 PLT, n

Gender, n <149.5x10°%L 17 (50%) 14 (41%)
Female 6 (18%) 6 (18%) 2149.5x10%L 17 (50%) 20 (59%)
Male 28 (82%) 28 (82%) NLR, n

ECOG score, n <2.4 24 (71%) 15 (44%)
0 11 (32%) 9 (32%) 2.4 10 (29%) 19 (56%)
1 23 (68%) 25 (68%) PLR, n

Hepatitis B infection, n <107.9 22 (65%) 15 (44%)
No 10 (29%) 10 (29%) 2107.9 12 (35%) 19 (56%)
Yes 24 (71%) 24 (71%) MLR, n

AFP, n <0.35 18 (53%) 22 (65%)
<400 ng/mL 23 (68%) 22 (65%) 20.35 16 (47%) 12 (35%)
>400 ng/mL 11 (32%) 12 (35%) ALB (g/L; mean = SD) 43.61x4.44 41.98+4.67

Prior surgery, n Cre (umol/L; mean + SD)  72.82+15.55 73.21+14.00
No 6 (18%) 6 (18%) ;I;J?TLI;I/L; e+ 50 13.71+6.60 13.22+4.77
e 26 (62%) 28 (82%) PT (s; mean + SD) 13.14+0.91 13.22+0.73

Sorafenib, n

HCC, hepatocellular carcinoma; SD, standard derivation; ECOG,
No 16 (47%) 16 (47%) Eastern Cooperative Oncology Group; AFP, alpha-fetoprotein;
ANC, absolute neutrophil count; AMC, absolute monocyte
count; ALC, absolute lymphocyte count; PLT, platelet; NLR,
Prior chemotherapy, n neutrophil-to-lymphocyte ratio; PLR, plate-to-lymphocyte
ratio; MLR, monocyte-to-lymphocyte ratio; ALB, albumin; Cre,
creatinine; TBIL, total bilirubin; PT, prothrombin time.

Yes 18 (53%) 18 (53%)

No 9 (26%) 9 (26%)
Yes 25 (74%) 25 (74%)

Prior radiotherapy, :
rior radiotherapy. n factors before and after therapy (Figure 2).

No 24 (7T1%) 24 (7T1%)
Yes 10 (29%) 10(29%) Survival analysis
ANC, n
. . . Survival analyses including Cox regression models and log-
<2.95x107L 17 (50%) 12 (35%) rank tests were performed to test whether the MLR could
>2.95x10°L 17 (50%) 22 (65%) predict the response in anti-PD-1-treated HCC patients.
AMC, n The parameters at baseline and progression were analyzed.
<0.5x10%/L 16 (47%) 17 (50%) The median follow-up duration was 44.57. weeks, range
from 13.57 to 80.86 weeks. None of the patients were lost
>0.5x10%/L 18 (53%) 17 (50%) to follow—up
ALC, n For the parameters at baseline, the gender [hazard ratio
1.40x10%/L 15 (44%) 18 (53%) (HR): 17.121; 95% CI: 1.57-186.686; P=0.02), ANC (HR:
0 0.177; 95% CI: 0.036-0.865; P=0.032) and MLR (HR:
>1.40x10°%/L 19 (56%) 16 (47%)

18.693; 95% CI: 2.962-117.994; P=0.002) were significantly
correlated with the TTP in the univariate Cox regression

Table 1 (continued)

© Translational Cancer Research. All rights reserved. Transl Cancer Res 2022;11(1):160-170 | https://dx.doi.org/10.21037/ter-21-1760



164

Zhu et al. Predictive role of MLR in anti-PD-1 treated HCC patients

0.8

Sensitivity
o
o

1

N
~
1

0.2

0.0

0.301 (0.818, 0.783)

Sensitivity

—— NLR (AUC =0.569)
—— PLR (AUC =0.711)
—— MLR (AUC =0.852)

0.6 0.4 0.2 0.0
Specificity

B
1.0 F_/
0.8 1 7
0.6
.00, 01522) /
3.354 (0.818, Q478)
0.4 1
0.2 -
/ —— NLR (AUC =0.684)
/ —— PLR (AUC =0.779)
004V —— MLR (AUC =0.796)
T T T T T T
1.0 0.8 0.6 0.4 0.2 0.0
Specificity
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and MLR at the time of progression; the AUC were 0.684, 0.779 and 0.796, respectively. ROC, receiver operating characteristic; NLR,
neutrophil-to-lymphocyte ratio; PLR, plate-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio; AUC, areas under the curve.

A B
10
< o
© ©
g g
< <
0 T T
Baseline Progression Baseline
D E
20 1000
800 ~
15 N -
o« o 600 .
- 10 -
z ° - o °
- 400 -
°1 eJee =N 200
]
0 T T 0 -
Baseline Progression Baseline

Progression

Progression

Baseline Progression

MLR

Baseline

Progression

Figure 2 The index parameters, including ANC (A), AMC (B), ALC (C), NLR (D), PLR (E) and MLR (F), were analyzed by paired #-test
at baseline and progression. ANC, absolute neutrophil count; AMC, absolute monocyte count; ALC, absolute lymphocyte count; NLR,
neutrophil-to-lymphocyte ratio; PLR, plate-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio.

© Translational Cancer Research

. All rights reserved.

Transl Cancer Res 2022;11(1):160-170 | https://dx.doi.org/10.21037/ter-21-1760



Translational Cancer Research, Vol 11, No 1 January 2022

165

Table 2 Univariate and multivariate analyses of TTP survival in 34 patients with HCC undergoing anti-PD-1 therapy at baseline

Variables HR (95% ClI) P value

Univariate analysis
Age (years; mean = SD) 0.932 (0.866-1.004) 0.064
Gender (female/male) 17.121 (1.57-186.686) 0.02
ECOG score (0/1) 0.194 (0.037-1.02) 0.053
Hepatitis B (no/yes) 0.208 (0.04-1.075) 0.061
AFP (<400 ng/mL/=400 ng/mL) 3.652 (0.587-22.734) 0.165
Prior surgery (no/yes) 0.447 (0.027-7.301) 0.572
Prior sorafenib therapy (no/yes) 0.458 (0.052-4.017) 0.481
Prior chemotherapy (no/yes) 0.353 (0.082-1.524) 0.163
Prior radiotherapy (no/yes) 2.296 (0.416-12.672) 0.34
ANC (<2.95x10%/L/=2.95x10%/L) 0.177 (0.036-0.865) 0.032
AMC (<0.5x10%/L/=0.5x10%/L) 0.987 (0.226-4.311) 0.987
ALC (<1.40x10%L/=1.40x10%/L) 2.89 (0.444-18.795) 0.267
PLT (<149.5x10%/L/=149.5x10%/L) 0.938 (0.097-9.046) 0.956
NLR (<2.4/>2.4) 2.668 (0.361-19.721) 0.336
PLR (<107.9/>107.9) 0.894 (0.094-8.458) 0.922
MLR (<0.35/>0.35) 18.693 (2.962-117.994) 0.002
ALB (g/L; mean + SD) 0.794 (0.631-1) 0.05
Cre (umol/L; mean + SD) 0.958 (0.904-1.015) 0.142
TBIL (umol/L; mean + SD) 1.023 (0.903-1.159) 0.719
PT (s; mean + SD) 1.019 (0.4-2.593) 0.969

Multivariate analysis
MLR (<0.35/=0.35) 3.455 (1.442-8.279) 0.005

TTP, time to progression; HCC, hepatocellular carcinoma; HR, hazard ratio; Cl, confidence interval; SD, standard derivation; ECOG,
Eastern Cooperative Oncology Group; AFP, alpha-fetoprotein; ANC, absolute neutrophil count; AMC, absolute monocyte count; ALC,
absolute lymphocyte count; PLT, platelet; NLR, neutrophil-to-lymphocyte ratio; PLR, plate-to-lymphocyte ratio; MLR, monocyte-to-
lymphocyte ratio; ALB, albumin; Cre, creatinine; TBIL, total bilirubin; PT, prothrombin time.

model. Multivariate Cox regression analyses were performed
to avoid any interaction between these parameters. The
MLR (HR: 3.455; 95% CI: 1.442-8.279; P=0.005) could
serve as an independent prognostic predictor of the TTP in
patients with HCC (7able 2).

A Cox regression model was also performed with the
parameters at the time of progression. The univariate
Cox regression analysis showed a significant correlation
between the TTP and ECOG score (P=0.047), AFP level
(P=0.001), prior chemotherapy (P=0.002), ANC (P=0.038),

© Translational Cancer Research. All rights reserved.

ALC (P=0.04) and MLR (P=0.003). The multivariate Cox
regression model showed that the AFP level (HR: 5.077;
95% CI: 1.743-14.792; P=0.003), MLR (HR: 6.559; 95%
CI: 2.397-17.945; P=0.0001) and creatinine (HR: 0.961;
95% CI: 0.928-0.995; P=0.026) could be independent
prognostic factors for the TTP (Table 3).

The Cox regression model showed that the MLR at pre-
therapy and post-therapy was correlated with the TTP.
Therefore, a log-rank test was performed to determine

the difference in the TTP between the low and high MLR
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Table 3 Univariate and multivariate analyses of TTP in 34 patients with HCC receiving anti-PD-1 therapy at the time of progression

Variables HR (95% ClI) P value

Univariate analysis
Age (years; mean = SD) 1.084 (0.997-1.18) 0.059
Gender (female/male) 0.944 (0.025-35.684) 0.975
ECOG score (0/1) 0.119 (0.015-0.972) 0.047
Hepatitis B (no/yes) 2.115 (0.505-8.864) 0.305
AFP (<400 ng/mL/=400 ng/mL) 51.482 (4.824-549.455) 0.001
Prior surgery (no/yes) 3.92 (0.097-157.923) 0.469
Prior sorafenib therapy (no/yes) 6.276 (0.762-51.661) 0.088
Prior chemotherapy (no/yes) 0.016 (0.001-0.214) 0.002
Prior radiotherapy (no/yes) 0.716 (0.125-4.101) 0.707
ANC (<2.95x10%/L/=2.95x10%/L) 65.094 (1.26-3,361.877) 0.038
AMC (<0.5x10%/L/=0.5x10%/L) 1.706 (0.105-27.702) 0.707
ALC (<1.40x10%L/=1.40x10%/L) 111.068 (1.232-10,016.629) 0.04
PLT (<149.5x10%/L/=149.5x10%/L) 0.225 (0.005-9.985) 0.441
NLR (<2.4/22.4) 0.041 (0.001-3.152) 0.149
PLR (<107.9/>107.9) 9.573 (0.293-312.489) 0.204
MLR (<0.35/>0.35) 1,395.675 (12.271-158,742.041) 0.003
ALB (g/L; mean + SD) 1.085 (0.879-1.338) 0.447
Cre (umol/L; mean + SD) 0.935 (0.835-1.046) 0.24
TBIL (umol/L; mean + SD) 1.013 (0.881-1.165) 0.857
PT (s; mean + SD) 2.748 (0.767-9.836) 0.12

Multivariate analysis
AFP (<400 ng/mL/=400 ng/mL) 5.077 (1.743-14.792) 0.003
MLR (<0.35/=0.35) 6.559 (2.397-17.945) 0.0001
Cre (umol/L; mean + SD) 0.961 (0.928-0.995) 0.026

TTP, time to progression; HCC, hepatocellular carcinoma; HR, hazard ratio; Cl, confidence interval; SD, standard derivation; ECOG,
Eastern Cooperative Oncology Group; AFP, alpha-fetoprotein; ANC, absolute neutrophil count; AMC, absolute monocyte count; ALC,
absolute lymphocyte count; PLT, platelet; NLR, neutrophil-to-lymphocyte ratio; PLR, plate-to-lymphocyte ratio; MLR, monocyte-to-
lymphocyte ratio; ALB, albumin; Cre, creatinine; TBIL, total bilirubin; PT, prothrombin time.

groups. The median TTP in the low and high MLR groups
at baseline was 34 and 17 weeks, respectively (HR: 0.2602;
95% CI: 0.1080-0.6266; P=0.0027) (Figure 3A). At the time
of disease progression, patients with a low MLR level had
a higher median TTP than those with a high MLR level
(33 vs. 18 weeks, HR: 0.2544; 95% CI: 0.0983-0.6579;
P=0.0047) (Figure 3B).

Discussion

Inflammation is a well-known hallmark of cancer and is
substantially attributed to the development and progression
of malignancies (16). In solid tumors, local immune
response and systemic inflammation were correlated with

disease progression and patient survival (11,17,18). ICIs
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Figure 3 The TTP was compared between two groups of patients with HCC receiving anti-PD-1 therapy. Patients with a higher MLR

(A) at baseline show a significantly shorter TTP. The median TTP in the low and high MLR groups at baseline was 34 and 17 weeks,
respectively (HR: 0.2602; 95% CI: 0.1080-0.6266; P=0.0027). At the time of disease progression, patients with a low MLR level had a higher
median TTP than those with a high MLR level (33 vs. 18 weeks, HR: 0.2544; 95% CI: 0.0983-0.6579; P=0.0047) (B). MLR, monocyte-to-
lymphocyte ratio; TTP, time to progression; HCC, hepatocellular carcinoma; HR, hazard ratio; CI, confidence interval.

are now known as an efficient therapy for patients with
advanced HCC. Biomarkers that can divide patients into
responders and non-responders are being explored. Because
of the easy access, peripheral blood biomarkers have been
researched, and the absolute blood cell count and ratios
showed correlations with the drug response or OS in ICI-
treated patients. However, in HCC, whether peripheral
blood biomarkers are correlated with the ICIs response
remains unclear. Our present research enrolled 34 advanced
HCC patients and is the first study to show that the MLR at
treatment initiation is an independent potential biomarker
for the T'TP in anti-PD-1-treated HCC patients. Patients
in the low MLR group showed a longer T'TP than those in
the high MLR group.

Circulating monocytes are recruited to the tumor stroma
and differentiate into tumor-associated macrophages
(TAMs). These macrophages are an important component
of the tumor microenvironment and can induce the growth
and progression of tumor cells by producing various
cytokines and chemokines (19,20). The density of TAMs
was reported to correlate with the stage of disease and
prognosis in solid tumors (21-23). Monocytes differentiate
into macrophages, and higher monocyte counts provide a
larger reservoir of macrophage precursors to influence the
density of TAMs. A study indicated that peripheral AMCs
were correlated with the density of TAMs in colorectal
cancer (24). Low baseline AMCs predicted improved
median survival after ipilimumab therapy in advanced
melanoma patients (25), while the baseline AMC was not
correlated with the TTP in nivolumab-treated patients
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with advanced HCC. Our findings highlight the possible
differences in the cellular outcomes from interactions
between monocytes and different tumor cell types. In
response to chemotactic signals, monocytes can be polarized
into macrophage subtypes (26-28). Typically, macrophages
are classified into two main groups: classically activated
macrophages (M1) and alternatively activated macrophages
(M2) (29). M1 macrophages are pro-inflammatory cells
that have potent antimicrobial activities and improve
T helper 1 (Thl) cell responses; however, M2 macrophages
are immunosuppressive cells supporting T helper 2 (Th2)-
associated effector functions (30,31). Therefore, it is
possible that the tumor microenvironment in anti-PD-1-
treated HCC patients induces monocytes to differentiate
into the M2 macrophage subgroup.

In an analysis of ICI-treated patients, increasing the ALC
and eosinophil count after treatment (32) or decreasing
the levels of regulatory T cells and increasing the ALC
between baseline and the end of dosing were correlated
with improved survival (33). Additionally, changes in the
number of absolute T cell counts and the absolute numbers
of activated T cells were correlated with the clinical
response (34). This finding is consistent with other analyses
of patients treated with anti-PD-1 therapy, where a high
ALC and ANC after 6 weeks of treatment with nivolumab
were significantly associated with better survival (35). In
summary, a positive association was observed between the
rate of increase of the ALC and survival in previous studies,
and changes in the ALC were not found to be specifically
predictive of the response of anti-PD-1 therapy in our study.
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However, the MLR was correlated with the anti-PD-1-
treated response in HCC patients. One possible explanation
for our observations involves the important role that the
tumor microenvironment plays in the immune response.
Cell interactions have an impact on the differentiation of
monocytes and lymphocytes, so the ALCs or AMCs cannot
precisely reflect the immune response of patients. Instead,
the ratio of different types of immune cells might be a
better reflection of the immune response than a certain type
of immune cell.

To the best of our knowledge, the MLR has not
been reported as a marker for treatment efficacy during
immunotherapy in advanced HCC. Our data suggest
the MLR as a potentially predictive biomarker in anti-
PD-1-treated HCC patients. However, there were a few
limitations to our study. The number of enrolled patients
was small, and the results need to be confirmed in a
large cohort. Moreover, because of the self-limitation of
retrospective studies, a prospective clinical trial needs to
be conducted to further identify the role of the MLR in
predicting the response to anti-PD-1 therapy.

Conclusions

The MLR can predict the response of anti-PD-1 therapy in
advanced HCC patients, and a high MLR is correlated with
poor prognosis in HCC patients receiving immunotherapy.
It may provide useful information to oncologists in
counseling of patients for immunotherapy.
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