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LETTER TO TH E EDITOR

Peripheral naïve CD8+ T cells as a predictive biomarker of
response to lenvatinib plus an anti-PD-1 antibody in
advanced hepatocellular carcinoma: a biomarker study

Dear Editor,
Most patients with hepatocellular carcinoma (HCC) are

diagnosed at an advanced stage and are ineligible for rad-
ical surgery [1]. As anti-programmed cell death protein 1
(PD-1) monotherapy has not shown promising anti-tumor
effects in advanced HCC in first-line settings, combination
therapy with targeted therapy plus immunotherapy, such
as atezolizumab plus bevacizumab, has become the new
first-line treatment for advanced HCC. Similarly, lenva-
tinib combined with an anti–PD-1 antibody has shown an
objective response rate (ORR) of around 40% in a phase
I trial in advanced HCC [2], which was further investi-
gated in three phase III trials (NCT03713593, NCT04194775,
and NCT04523493). However, not all patients can bene-
fit from this combination treatment. Therefore, identify-
ing biomarkers of response before treatment initiation is
urgently needed.
To date, no biomarkers have been identified for lenva-

tinib plus an anti-PD-1 antibody in advanced HCC [3].
Tumor samples from biopsy are hardly available from
advanced HCC patients. Therefore, exploring biomark-
ers from peripheral blood seems more rational. This
study used single-cell mass cytometry with an optimized
immune marker panel (Supplementary Table S1) to ana-
lyze pretreatment peripheral blood mononuclear cells
(PBMCs) to identify biomarkers of response to first-line
combination therapy with lenvatinib plus an anti-PD-1
antibody in unresectable or advanced HCC.
Peripheral blood samples within three days before

initiating first-line combination therapy were collected
from 61 consecutive eligible patients with unresectable or
advanced HCC from an ongoing observational, prospec-
tive cohort study (NCT04639284) at Zhongshan hospital,

Abbreviations: CI, confidence interval; CR, complete response; HCC,
hepatocellular carcinoma; ORR, objective response rate; PBMCs,
peripheral blood mononuclear cells; PD, progressive disease; PD-1,
programmed cell death protein 1; PR, partial response; SD, stable
disease.
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Fudan University (Shanghai, China), from December 2018
to September 2020. Patients assessed as complete response
(CR), partial response (PR), or progressive disease (PD)
were chronologically divided into a discovery cohort (n =
14) and a validation cohort (n = 25) (Figure 1A). Patients
with CR or PR were categorized into the responder group,
and those with stable disease (SD) or PD were categorized
into the non-responder group. Patients with SD (n = 22)
were not included in the discovery and validation cohorts
to maximize the resolution of distinct immune cell clus-
ters between responders and non-responders and were
included in the sensitivity analysis instead (Figure 1A).
The baseline patients’ characteristics were similar between
discovery and validation cohorts (Supplementary Table
S2). Detailed methods are described in the Supplementary
Material.
We first analyzed the immune expression profile

of PBMCs in the discovery cohort, with baseline
characteristics similar between the responder and
non-responder groups (Supplementary Table S3). After
clustering and manual annotation in CD45+ cells (Sup-
plementary Figure S1), we found the responder group
had a higher frequency in Cluster 04 (CD3+CD7low
KLRG1+Tbet+ GranzymeB+CD8+ T cells, P = 0.018),
but fewer cells in Cluster 24 (CD19+HLA-DR+
CD45RA+CD38lowCXCR5+CCR7+ B cells, P = 0.005)
than the non-responder group (Figure 1B), indicating that
the frequency of pretreatment peripheral T-cell and B-cell
subsets might be associated with response to combination
therapy.
As T cells are the major immune cell subset respon-

sible for tumor destruction [4], we next focused on the
peripheral T-cell (CD45+CD3+) subset (Supplementary
Figure S2). Compared to the non-responder group, the
responder group had a lower frequency in Cluster 16
(CD3+CD8+CD45RA+CCR7+ T cells, i.e., naïve CD8+ T
cells, P = 0.020), and a higher frequency in Cluster 31
(CD3+CD8+GranzymeB+ T cells, i.e., cytotoxic CD8+ T
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F IGURE 1 Peripheral naïve CD8+ T-cell subset as a predictor of the response to combination therapy. (A) Flowchart of the study design.
(B) Frequency of cells in Cluster 04 (P = 0.018) and Cluster 24 (P = 0.005) between the responder and non-responder group in peripheral
CD45+ cells after clustering and manual annotation in the discovery cohort. *, P < 0.05 and **, P < 0.01 indicate differences between the
responder and non-responder groups. (C) Frequency of cells in Cluster 16 (P = 0.020) and Cluster 31 (P = 0.019) between the responder and
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cells, P = 0.019) (Figure 1C), indicating that these two dis-
tinct T-cell subsets were associated with the efficacy of
combination therapy.
Next, to translate the potential biomarkers identified

using mass cytometry into the clinic, we used a flow
cytometry-based panel (Supplementary Table S4) to val-
idate the above results in the validation cohort. The
responder group having a lower frequency of naïve CD8+ T
cells (P = 0.010; Figure 1D) than the non-responder group
was confirmed. However, the frequency of cytotoxic CD8+
T cells (P = 0.712; Figure 1E) did not differ between the
responder and non-responder groups. These results indi-
cated that patients with a lower frequency of pretreatment
peripheral naïve CD8+ T cells could be more likely to
respond to treatment.
Although the peripheral naïve CD8+ T-cell subset was

validated as a potential biomarker for response to combi-
nation therapy, their discovery and validation were con-
ducted in cohorts without SD patients. Therefore, patients
with SD were added to the validation cohort to perform a
sensitivity analysis (Figure 1A). The baseline patient char-
acteristics of the validation cohort and patients evaluated
as SD were similar (data not shown). The flow cytometry
data from the sensitivity analysis cohort again confirmed
the lower frequency of naïve CD8+ T cells in the responder
group (P= 0.017; Figure 1F), and the frequency of cytotoxic
CD8+ T cells did not differ between the responder and non-
responder group (P = 0.703; Figure 1G). Furthermore, the
frequency of naïve CD8+ T cells was associated with the
tumor response (P = 0.026; Supplementary Figure S3).
Multivariate analyses in the sensitivity analysis cohort

(SupplementaryTable S5) demonstrated that the frequency
of naïve CD8+ T cells (odds ratio: 0.79, 95% confidence
interval [CI]: 0.63-0.94,P= 0.004)was an independent pre-
dictor of response to combination therapy. The frequency
of naïve CD8+ T cells was not associated with tumor bur-
den, tumor marker level or tumor stage in the sensitivity
analysis cohort (data not shown). The area under the
receiver operating characteristic curve of the naïve CD8+
T cells frequency was 0.742 (95% CI: 0.597-0.887, P= 0.002)
(Figure 1H), with an optimal cut-off value determined as

6.24%. The sensitivity, specificity, positive predictive value,
and negative predictive value of the cut-off value in pre-
dicting response to combination therapywere 81.0%, 61.5%,
63.0%, and 80.0%, respectively (Supplementary Table S6).
Patients with a pretreatment naïve CD8+ T cell ratio of
less than 6.24% were defined as the predicted responder
group, otherwise the predicted non-responder group. The
proportion of real responders in the predicted responder
group was significantly higher than that in the predicted
non-responder group (81% vs 19%, P = 0.008, Supple-
mentary Table S6; Figure 1I). These results indicated
that the peripheral naïve CD8+ T-cell subset could serve
as a predictive biomarker of response to combination
therapy.
To the best of our knowledge, this represents the first

study that found pretreatment peripheral naïve CD8+
T-cell subset may serve as a predictive biomarker of
response to first-line combination therapy with lenvatinib
plus an anti-PD-1 antibody in patients with advanced or
unresectable HCC. Given the similar level of peripheral
cytotoxic CD8+ T cells between responders and non-
responders and the lower level of peripheral naïve CD8+
T cells in responders, we hypothesize that patients with
a lower level of peripheral naïve CD8+ T cells may have
increased, but insufficient, anti-tumor capacity at the
tumor site before treatment initiation; after combination
therapy, the state of T-cell exhaustion may be relieved,
exhibiting an anti-tumor response [5–7]. Recently, two
independent studies revealed that lenvatinib could modu-
late tumor immune environment to enhance the efficacy of
anti-PD-1monotherapy [8, 9]; therefore, part of the efficacy
of lenvatinib can be reflected by immune factors. How-
ever, all patients with hepatitis B virus (HBV)-related HCC
received antiviral therapy in this study, which might affect
something in the tumor immune environment.
In conclusion, peripheral naïve CD8+ T cells could

predict the response to first-line combination therapy
with lenvatinib plus an anti-PD-1 antibody in patients
with advanced or unresectable and HBV-related HCC,
which could help clinicians identify potential responders
to combination therapy prior to initiation.

non-responder group in peripheral CD45+CD3+ cells after clustering and manual annotation in the discovery cohort. *, P < 0.05 indicates a
difference between the responder and non-responder groups. (D-E) The boxplots represent the frequency of the peripheral (D) naïve CD8+ T
cells (P = 0.010) and (E) cytotoxic CD8+ T cells (P = 0.712) in the responder and non-responder groups of the validation cohort by flow
cytometry. (F-G) The boxplots represent the frequency of the peripheral (F) naïve CD8+ T cells (P = 0.017) and (G) cytotoxic CD8+ T cells (P =
0.703) in the responder and non-responder groups of the sensitivity analysis cohort by flow cytometry. (H) The receiver operating
characteristic curve of the frequency of peripheral naïve CD8+ T cell (as a percentage of all T cells) for predicting response to combination
therapy in the sensitivity analysis cohort. (I) Bar plot of tumor response between the predicted responder (< 6.24%) and non-responder (≥
6.24%) groups according to the frequency of pretreatment naïve CD8+ T cells (as a percentage of all T cells) (P = 0.008). AUROC, area under
the receiver operating characteristic; CR, complete response; n.s., not significant; PD, progressive disease; PR, partial response; SD, stable
disease
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