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ARTICLE INFO ABSTRACT

Keywords: Background: The role of systemic tumor immune environment (STIE) is unclear in hepatocellular carcinoma
Immunotherapy (HCQ). This study aimed to exam the cells in the STIE, their changes after transarterial chemoembolisation (TACE),
Radiotherapy

stereotactic body radiotherapy (SBRT), and immunotherapy (I0) and explore their significance in the treatment

Ll_ver cancer response of patients with unresectable HCC.
Biomarker
Systemic immunity Methods: This is a prospective biomarker study of patients with unresectable HCC. The treatment was sequential

TACE, SBRT (27.5-40 Gy/5 fractions), and IO. The treatment response was assessed according to modified Re-
sponse Evaluation Criteria in Solid Tumors (mRECIST) by magnetic resonance imaging (MRI) after 6 months of
treatment. Longitudinal data of STIE cells was extracted from laboratory results of complete blood cell counts, in-
cluding leukocytes, lymphocytes, neutrophils, monocytes, eosinophils, basophils, and platelets. Peripheral blood
samples were collected at baseline and after TACE, SBRT, and IO for T-lymphocyte subtyping by flow cytometry.
Generalized estimation equation was employed for longitudinal analyses.

Results: A total of 35 patients with unresectable HCC were enrolled: 23 patients in the exploratory cohort and 12 in
the validation cohort. STIE circulating cells, especially lymphocytes, were heterogenous at baseline and changed
differentially after TACE, SBRT, and IO in both cohorts. SBRT caused the greatest reduction of 0.7 x 10°/L
(95 % CI: 0.3 x 10°/L-1.0 x 10°/L, P < 0.001) in lymphocytes; less reduction was associated with significantly
better treatment response. The analysis of T-lymphocyte lineage revealed that the baseline levels of CD4* T cells
(P =0.010), type 1 T helper (Th1) cells (P = 0.007), and Th1/Th17 ratios (P = 0.001) were significantly higher in
responders, while regulatory T (Treg) cells (P = 0.002), Th17 cells (P = 0.047), and Th2/Th1 ratios (P = 0.028)
were significantly higher in non-responders. After treatment with TACE, SBRT and IO, T-lymphocyte lineage also
changed differentially. More reductions were observed in CD257CD8* T cells and CD127+CD8" T cells after

* Given her role as Associate Editor in this journal, Feng-Ming (Spring) Kong had no involvement in the peer-review of this article and has no access to information
regarding its peer-review. Full responsibility for the editorial process for this article was delegated to Mei Wang.
* Corresponding author.
E-mail address: kong0001 @hku.hk (F.M.S. Kong).
T These authors contributed equally to this work.

https://doi.org/10.1016/j.jncc.2024.06.007

Received 29 December 2023; Received in revised form 22 May 2024; Accepted 12 June 2024

2667-0054/© 2024 Chinese National Cancer Center. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)


https://doi.org/10.1016/j.jncc.2024.06.007
http://www.ScienceDirect.com/science/journal/26670054
http://www.elsevier.com/locate/jncc
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jncc.2024.06.007&domain=pdf
mailto:kong0001@hku.hk
https://doi.org/10.1016/j.jncc.2024.06.007
http://creativecommons.org/licenses/by-nc-nd/4.0/

C.-N. Zhao, C.-L. Chiang, W.-H.K. Chiu et al.

Journal of the National Cancer Center 5 (2025) 38-49

SBRT in non-responders, while increases in natural killer T (NKT) cells after SBRT (10.4% vs. 3.4 %, P = 0.001)
and increases in the lymphocyte counts were noted during IO in responders.

Conclusions: STIE cells are significant for treatment response, can be reshaped differentially after TACE, SBRT,
and IO. The most significant changes of T-lymphocyte lineage are SBRT associated modulations in CD25* CD8* T
cells, CD127+CD8* T cells, and NKT cells, which also have significant effects on the ultimate treatment response
after TACE-SBRT-IO (ClinicalTrails.gov identifier: GCOG0001/NCT05061342).

1. Introduction

The hepatic tumor immune microenvironment (TIME) plays an in-
fluential role in the treatment outcome of patients with hepatocellular
carcinoma (HCC).! The immune cell subsets in TIME can be induced
by tumor cells or other components in the tumor microenvironment, or
derived from the circulation as part of tumor systemic immune envi-
ronment (STIE). In response to treatment perturbations, STIE, beyond
the TIME level, has been recently reported to react and produce dy-
namic changes of immune content within and across the TIME. This im-
proved understanding of tumor immunology has stimulated a growing
body of research on the systemic immune landscape beyond the local
TIME.? Systemic T cell expansion has been considered essential for pro-
ducing durable immune response, and it has been demonstrated that
novel T cells were recruited into the TIME rather than reinvigoration
of pre-existing tumor infiltrating lymphocytes.-* Importantly, the sta-
tus of STIE could infer treatment response and prognosis in multiple
types of malignancies.®->® This is encouraging as longitudinal surveil-
lance of STIE by simple blood testing could potentially serve as an ideal
biological approach to providing oncologic insights during anticancer
treatment.

Cancer treatment can reshape the host T-lymphocyte dominated
STIE, which has subsequent effects following treatment, as we have re-
cently reported.” In recent years, the interactions between anticancer
therapies and STIE in HCC have attracted attention, especially to T-
lymphocytes and its subtypes. For instance, an elevated level of cir-
culating regulatory T (Treg) cells in HCC patients following transar-
terial chemoembolization (TACE) treatment has been reported to in-
cur a poor cancer prognosis, while higher levels of natural killer T
(NKT) and CD25%CD8™" T cells were reported to associate with im-
proved overall survival in HCC patients following radiotherapy.’!?
Apart from this, Chew et al. reported that the clinical benefit of HCC
patients receiving Yttrium-90 radioembolization treatment was associ-
ated with increases in programmed cell death 1 (PD-1)/Tim-3 express-
ing CD8* /CD4* T cells, CCR5/CXCR6 expressing CD8* T cells and
CD8*Tim-3T T cells.'? 13 Previous studies focused on single-modality
treatments, which underscore the need for a comprehensive analysis
of multi-modality regimens. Our phase II trial on a combined multi-
modality regimen with sequential TACE and SBRT followed by IO, re-
ferred to as START-FIT (NCT03817736) had heterogenous primary re-
sults,'* providing an opportunity of studying the changes in STIE im-
mune cells after various treatment modalities in unresectable HCC.

Locally advanced
HCC patients not

We here hypothesize that STIE cells, particularly T-lymphocytes,
play an important role in tumor responses to the subsequent therapy,
and each treatment modality of TACE, SBRT, and IO reshapes the STIE.
Specifically, we tested the lymphocytes and the T-lymphocyte subtype
distribution before and after delivery of each treatment to the same pa-
tient, and aimed to study how the overall immune cells in STIE change
after TACE, SBRT, and IO, and explore the effects on the ultimate treat-
ment responses in these patients with unresectable HCC.

2. Materials and methods
2.1. Study population

This is a prospective biomarker study (GCOG0001/NCT05061342)
approved by the Institutional Review Boards of Queen Mary Hospital
(UW 19-565) since August 2019. All patients signed the informed con-
sent for specimen and questionnaire collection. Patients were newly di-
agnosed with locally advanced HCC not suitable for curative resections
and treated with multimodality therapy of TACE and SBRT followed
by IO as per START-FIT trial (NCT03817736). START-FIT was a single-
arm, phase 2 trial. Other eligibility criteria included tumor size >5 cm,
number of tumor mass < 3, and child-Pugh A5-B7 liver function. Pa-
tients with prior TACE, hepatic radiotherapy, or systemic treatments
were excluded. Patients with distant metastasis, main portal vein (VP4)
invasion, or inferior vena cava (VV3) invasion were excluded.

2.2. Treatment and study data collection

The START-FIT treatment regimen includes a single dose of conven-
tional TACE with Cisplatin and Lipiodol, followed by 5 fractions of SBRT
with dose ranging between 27.5 and 40 Gy depending on tumor volume,
which encompassed 95 % of the planning target volume, and finally IO
every 2 weeks (Fig. 1).

A series of potential risk factors were recorded, including patient
factors (demographic factors, Hepatitis history, performance status, and
Child Pugh score), and tumor factors (pathologic stage, number and size
of tumors, and intra-hepatic vascular invasion).

Longitudinal data of STIE cells including lymphocytes were extracted
from laboratory results of complete blood cell counts, along with ab-
solute counts of leukocytes, neutrophils, monocytes, eosinophils, ba-
sophils and platelets, at baseline/Pre-TACE, post-TACE/pre-SBRT, post-
SBRT/pre-10, and post-10.
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Fig. 1. The study schedule and blood sampling timepoints. HCC patients were treated with a single dose of conventional TACE, followed by 5 fractions of SBRT,
and finally IO. The repeated imaging assessment was conducted every 3 months to monitor tumor size, and the treatment response was evaluated after 6 months
of 10. The blood samples were collected at baseline, post-TACE, post-SBRT, and after 3 months of I0. HCC, hepatocellular carcinoma; 10, immunotherapy; SBRT,

stereotactic body radiotherapy; TACE, transarterial chemoembolization.
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For lymphocyte subtyping, peripheral blood samples were collected
in Ethylene Diamine Tetraacetic Acid tubes at baseline/pre-TACE, post-
TACE/pre-SBRT, post-SBRT/pre-I0, and post-IO for a range of circulat-
ing T cell subtypes (Fig. 1). These blood samples were collected and
restored at 4 °C before the separation of buffy coat at 1600 g for 10 min.
Peripheral blood lymphocytes were collected from buffy coat, frozen in
10 % DMSO in fetal bovine serum, and stored under —80 °C until testing.

2.3. Measurements of T-lymphocyte subtypes

Single cell suspensions were prepared from buffy coat with the
use of a red blood cell lysis buffer (Biolegend). The following lym-
phocytes, i.e., NKT (CD3tCD56%), CD4%t T, CD8" T, type 1 T
helper (Th1) (CD4* CXCR3* CCR67), Th2 (CD4* CXCR3 CCR6), Th17
(CD4* CXCR3"'CCR6 %), Treg (CD4* CD25M8shCD127'°), CD25* CD8*
T, CD127+CD8™ T, and NK (CD56 1) cells were detected using molecu-
lar specific antibodies, i.e., PerCP anti-human CD45, Alexa Fluor® 700
anti-human CD3, APC/Cyanine7 anti-human CD4, PE/Cyanine7 anti-
human CD8, APC anti-human CD183 (CXCR3), PE anti-human CD56,
PE/Dazzle™ 594 anti-human CD196 (CCR6), Brilliant Violet 421™
anti-human CD25, and Brilliant Violet 605™ anti-human CD127 (Biole-
gend). Dead cells were excluded using Zombie Aqua™ Fixable Viability
Kit (Biolegend). APC Mouse IgG1, PE Mouse IgG1, PE/Dazzle™ 594
Mouse IgG2b, BV 421™ Mouse IgG1, and BV 605™ Mouse IgG1 were
utilized as isotype control. The T cell subtypes were tested using BD LSR
Fortessa flow cytometry and analyzed using FlowJo software (TreeStar).
Representative T lymphocyte subtype plots are shown in Fig. 2.

2.4. Study outcome

The primary endpoint was treatment response which was assessed
according to modified Response Evaluation Criteria in Solid Tumors
(mRECIST, version 1.1) at 6 months after I0.'> complete response (CR)
on mRECIST was defined as disappearance of any intratumoral arte-
rial enhancement in the target lesion. Surveillance imaging (contrast-
enhanced magnetic resonance imaging [MRI] of the liver) was per-
formed every 3 months, and patients with objective response (complete
or partial response) were identified as responders, while others as non-
responders. No pseudo-progression was identified, thus, the results of
mRECIST should be similar to that of iRECIST, though iRECIST data
was not collected. Progression-free survival (PFS) and overall survival
(OS) were also reported, calculated from the start of TACE.

2.5. Statistical consideration

For small-sized longitudinal data with missing values, general-
ized estimation equation (GEE) was employed to test 1) changes
of immune cells with time in all patients (main effect of time); 2)
changes of immune cells with time in responders and non-responders
(simple effect of time); and 3) differences of immune cells in re-
sponders and non-responders at different timepoints (simple effect
of response). Bonferroni adjustment was performed for multiple test-
ing. Comparisons between groups were determined by independent
t-test, or one-way ANOVA followed by Tukey’s multiple compar-
ison tests, as appropriate. Results were expressed as mean (95%
confidence interval [CI]). Statistical analyses and plots were con-
ducted by SPSS 26.0 (IBM, Inc.) and GraphPad Prism (version 8),
respectively.

3. Results
3.1. Patients and baseline STIE cells
A total of 35 patients were prospectively enrolled in the prospective

biomarker study (GCOG0001/NCT05061342). The two cohorts were
separated by time to approximate a ratio of 2:1 for exploratory (n = 23)
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and validation (n = 12) cohorts. All patients in the exploratory co-
hort were from the START-FIT trial, with characteristics reported pre-
viously.!* Briefly, most of the patients recruited were male (22 male, 1
female) and had Child-Pugh class A. Fourteen (61 %) patients had Hep-
atitis B virus infection and 3 (13 %) had Hepatitis C virus infection. Four-
teen (61 %) patients had Barcelona Clinic Liver Cancer (BCLC) stage C
disease with macrovascular invasion and the mean tumor size was 10.0
(95 % CI: 5.3-17.5) cm. Baseline STIE cells in these patients showed
remarkable heterogeneity but with no significant correlation with treat-
ment responses in this series (Fig. 3).

3.2. Treatment induced changes in STIE cells

STIE cells changed significantly differentially after TACE, SBRT, and
10 (Fig. 3). On average, the counts of leukocytes (Fig. 3A), lympho-
cytes (Fig. 3B), monocytes (Fig. 3C), and platelets (Fig. 3D) increased
after TACE, decreased after SBRT, and then increased after 10, with the
most notable changes in lymphocytes after SBRT. The mean lymphocyte
counts increased by 0.4 x 10°/L (95 % CI: 0.2 x 10°/L-0.6 x 10%/L,
P < 0.001) after TACE, then decreased by 0.8 x 10°/L (95 % CI:
0.5 x 10%/L-1.1 x 10°/L, P < 0.001) after SBRT, while restored by
0.4 x 10°/L (95 % CI: 0.2 x 10?/L-0.6 x 10°/L, P < 0.001) after inducing
10 (Fig. 3B). The mean monocyte counts increased after TACE-SBRT-IO
by 0.2 x 10%/L (95 % CI: 0.1 x 10°/L-0.3 x 10°/L, P < 0.001) (Fig. 3C).
The mean platelet counts of all patients increased by 55.0 x 10°/L (95 %
CI: 16.9 x 10°/1-93.0 x 10%/L, P = 0.001) post-TACE, then displayed
a reduction by 102.0 x 10°/L (95 % CI: 48.1 x 10°/1-155.1 x 10°/L,
P < 0.001) after receiving SBRT, and large number of reductions oc-
curred primarily from one patient (Fig. 3D). There were no significant
differences in treatment induced changes in any of these cells includ-
ing lymphocytes, platelets, and monocytes between responders and non-
responders in this cohort (Fig. 3).

3.3. Validating the STIE cell reshaping from TACE, SBRT, and IO

All patients in the validation cohort were male with a mean age of 64
(range: 50-75) years, and detailed characteristics are shown in Table 1.
The mean tumor size (the largest diameter of the biggest lesion) was
8.4 (95 % CI: 6.1-10.7) cm. After IO treatment, six patients (50 %) had
objective complete response. Representative MRI images of a patient
with objective complete response were shown in Fig. 4.

3.4. Treatment induced changes in STIE cells in the validation cohort

Patients in the validation cohort also had STIE cells changed het-
erogeneously after TACE-SBRT-IO (Fig. 5), with a similar pattern of
change to that of the exploratory cohort shown in Fig. 3. Lympho-
cytes (Fig. 5B) and platelets (Fig. 5D) decreased after SBRT, and then
restored after 10, with nadirs observed after SBRT in almost all pa-
tients. The mean lymphocyte counts exhibited no significant changes
after TACE, but a reduction by 0.7 x 10%/L (95 % CI: 0.3 x 10%/L-
1.0 x 10°/L, P < 0.001) after SBRT, and then increased by 0.4 x 10°/L
(95 % CIL: 0.1 x 10%/L-0.7 x 10%/L, P = 0.010) after introduction of IO
(Fig. 5B). The mean count of platelets increased by 70.4 x 10°/L (95 %
CL: 7.9 x 10°/1-133.0 x 10°/L, P = 0.018) post-TACE, and then de-
creased by 94.0 x 10°/L (29.4 x 10°/1-158.6 x 10°/L, P = 0.001) after
receiving SBRT (Fig. 5D). There were no significant treatment-induced
changes in other cells tested, as shown in Fig. 5A, 5C, 5E, 5F, and 5G
for leukocytes, monocytes, neutrophils, eosinophils, and basophils, re-
spectively.

3.5. STIE cell changes and treatment responses in the validation cohort
All patents exhibited a reduction in lymphocytes after SBRT,

with non-responders reducing more significantly (0.8 x 10°/L, 95 %
CL 0.4 x 10°/L-1.3 x 10°/L, P < 0.001) than that of responders
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Fig. 2. Hierarchical gating strategy for T lymphocyte lineage. Initial gating in black lines was performed FSC-A vs. FSC-H to remove doublets; on CD45 and viability
to gate live cells. Total T cells were separated from the live cells by expression of CD3. Subsequent gating in green lines of CD3* T cells identified T cell subsets,
CD4* T, CD8* T, and NKT cells. CD8* T cell activation status was determined by the expression of CD25 and CD127 (red lines). For CD4* T cell subsets (blue
lines), Treg cells were identified by expressions of high CD25 and low CD127, and then Th1, Th2, and Th17 cells were identified using CCR6 and CXCR3 expressions
in Teff cell population. FSC-A, forward scatter area; FSC-H, forward scatter height; SSC-A, side scatter area; NKT cell, natural killer cell; Treg cell, regulatory T cell;

Th cell, T helper cell; Teff, effector T cell.

(0.5x10%/L, 95 % CI: 0.1 x 10%/1L-0.8 x 10°/L, P = 0.011) (Fig. 5B). The
responders demonstrated a significant increase in their absolute counts
of lymphocytes, by an average of 0.3 x 10°/L (95 % CI: 0.1 x 10%/L—-
0.5 x 10%/L, P < 0.001) after inducing IO (Fig. 5B). Besides, the respon-
ders’ monocytes increased by 0.12 x 10%/L (95 % CI: 0.06 x 10°/L-
0.17 x 10°/L, P < 0.001) in mean counts after TACE-SBRT-IO (Fig. 5C).
The non-responders had a significant reduction by 103.7 x 10%/L (95 %
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CL: 9.7 x 109/L-197.7 x 10%/L, P = 0.022) in the absolute counts of
platelets after SBRT (Fig. 5D).

3.6. T-lymphocyte lineage
3.6.1. Baseline T-lymphocyte lineage in responders and non-responders

T-lymphocyte lineage detection was performed in the validation co-
hort. The baseline levels of T-lymphocyte lineage were heterogenous
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Fig. 3. Changes in STIE cells and treatment response in the 23 patients in the exploratory cohort. Absolute values of leukocyte (A), lymphocyte (B), monocyte
(C), platelet (D), neutrophil (E), eosinophil (F) and basophil (G) of responders and non-responders at baseline, after TACE, SBRT and IO. The spaghetti plots show
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Table 1

Patient and tumor characteristics in the validation set.
Patient ID  History of Hepatitis ECOGPS CP score BCLC stage No. of tumors Tumor size, cm® Intra-hepatic vascular invasion Response PFS, months OS, months
1 HCV 1 A5 C 3 8.2 RHV, MHV PD 3 11
2 HBV 1 A5 B 2 4.3 No CR 18+ 18+
3 HBV 1 A5 C 1 11.9 MHV CR 18+ 18+
4 HBV 0 A5 C 2 6.7 MHV, LHV SD 10 16+
5 HBV 1 A6 C 3 9.2 RHV, MHV PD 2 2
6 HBV 0 A5 C 2 4.5 MHV CR 16+ 16+
7 HBV 1 A5 A 1 4.0 No CR 15+ 15+
8 HBV 1 A5 C 1 8.4 RPV PD 2 6
9 HBV 1 A5 C 1 6.4 RHV, MHV, RPV CR 13+ 13+
10 HBV 1 A6 C 1 15.4 RHV PD 2 12+
11 HBV 1 A5 C 1 13.6 MHV CR 11+ 11+
12 HBV 0 A5 C 1 8.2 RPV PD 5 9+

2 The largest diameter of the biggest lesion.

Abbreviations: BCLC stage, Barcelona clinic liver cancer stage; CP score, Child Pugh score; CR, complete response; ECOG PS, Eastern Cooperative Oncology Group
Performance Status; LHV, left hepatic vein; MHV, middle hepatic vein; OS, overall survival; PD, progressive disease; PFS, progression free survival; RHV, right

hepatic vein; RPV, right portal vein.

Fig. 4. Representative images of a responder. Images of patient#11 at baseline (A) and post-treatment (B). Red arrows indicate the tumor mass.

(Fig. 6A, E, F). The mean proportions of CD8* and CD4* T cells were
31.1 % (95 % CI: 19.2 %-43.1 %) and 57.7 % (95 % CIL: 48.4 %-—
67.1 %), respectively. The CD4* T cells, Th1 cells, and Th1/Th17 ratios
were significantly higher in responders (responders/non-responders:
63.0 %/49.0 %, P = 0.010; 19.7 %/8.3 %, P = 0.007; 9.3/1.7, P = 0.001,
respectively), while CD257CD8* T cells, CD127+CD8™" T cells, Th17
cells, Treg cells, and Th2/Th1 ratios were significantly higher in non-
responders (responders/non-responders: 4.0 %/16.3 %, P < 0.001;
44.3 %/64.8 %, P = 0.003; 3.1 %/6.4 %, P = 0.047; 3.7 %/6.6 %,
P =0.002;5.0/11.3, P = 0.028, respectively). Representative plots illus-
trating the gating of the significant T cell lineage for both a responder
and a non-responder are displayed in Fig. 6B-D, G, H.

3.6.2. Treatment induced changing dynamics in T-lymphocyte lineage

The dynamics in T-lymphocyte lineage, longitudinally from baseline
to the end of TACE-SBRT- IO, are shown in Fig. 7. The average propor-
tions of STIE CD8* T cells increased by 14.4 % (95 % CI: 2.3 %-26.5 %,
P =0.010) (Fig. 7A), while CD4 ™" T cells decreased by 13.0 % (95 % CIL:
2.8 % -23.3 %, P = 0.005) (Fig. 7B). The mean CD4/CD8 ratios (1.3, 95
% CI: 0.2 -2.4, P = 0.008) (Fig. 7C), and CD127 " CD8™" T cells (30.5%,
95 % CI: 15.7%-45.3%, P < 0.001) (Fig. 7E) decreased significantly at
the end of TACE-SBRT-IO.

3.6.3. T-lymphocyte lineage changes in responders and non-responders
The mean count of CD127 " CD8* T cells decreased significantly af-
ter TACE-SBRT-IO by 12.3% (95% CI: 9.3 %-29.2 %, P < 0.001) in
responders but more remarkably by 49.2% (95% CI: 31.7%-66.7%,
P < 0.001) in non-responders (Fig. 7E). The proportion of activated
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CD25%CD8* T cells declined significantly only in non-responders af-
ter TACE and SBRT (Fig. 7D). The proportions of Th1, Th2, Th17, Treg,
Th17/Treg, Th2/Thl, and Th1/Th17 changed numerically at different
timepoints; however, they did not reach the level of statistical signifi-
cance (Fig. 7F-L). There were no significant differences between respon-
ders and non-responders in other cells examined.

3.6.4. STIE NKT cells and treatment response

There were significant differences in the dynamic changes of NKT
cells longitudinally from baseline to post-TACE-SBRT-IO, between re-
sponders and non-responders, with significantly higher NKT cells in
the responders after SBRT in comparison to that of the non-responders
(10.4% vs. 3.4%, P = 0.001) (Fig. 8A). The mean NKT cells increased
after SBRT (from 6.9% to 10.4%) in responders, while it decreased in
non-responders after SBRT. Representative plots illustrating the gating
of the significant NKT cells for both a responder and a non-responder
are displayed in Fig. 8B.

3.7. SBRT dose and post-SBRT lymphocyte reduction

The correlation between SBRT dose distribution and lymphocyte de-
cease was analyzed in total 35 patients. There were 4 dose groups (27.5,
30, 35 and 40 Gy), and prescribed to 7, 16, 7, 5 patients, respectively.
The mean reduction of lymphocytes (post-SBRT versus post-TACE) in
these 4 groups were 0.6 + 0.4, 0.7 + 0.7, 0.7 + 0.3 and 1.2 + 0.4 x 10%/L,
respectively. The differences of lymphocyte deceases were compared
among groups, but with no significant correlation observed (P = 0.218)
(Fig. 9A). However, the 40 Gy group appeared to have more reduction
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bar shows individual, mean, and standard error of mean. Independent t-test was used for significance verification.

than those of lower dose groups (P = 0.037). Moreover, the relationship
between post-SBRT absolute lymphocyte count (ALC) and SBRT dose
distribution was also explored. The mean post-SBRT ALCs in the 4 dose
groups were 0.6 + 0.3, 0.7 + 0.3, 0.5 + 0.2, and 0.7 + 0.2 X 10%/L, re-
spectively, but there was no significant difference among these 4 groups
(P = 0.751) (Fig. 9B).
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4. Discussion

This study demonstrated that the baseline STIE cells were heteroge-
nous in locally advanced unresectable HCC, and immune stimulating
cells including CD4" T and Th1 cells were significantly higher in re-
sponders, while Th17 and Treg cells were higher in non-responders. Af-
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Fig.7. Changes in STIE T-lymphocyte lineage and treatment responses. This figure shows overall changes of T-lymphocyte in each patient and average of responders
and non-responders. The spaghetti plots show circulating T-lymphocyte lineages at four timepoints of all patients, including CD8* T cell (A), CD4* T cells (B),
CD4/CD8 ratio (C), CD25*CD8" T cell (D), CD127+CD8* T cell (E), Treg cell (F), Thl cell (G), Th2 cell (H), Th17 cell (I), Th1/Th17 ratio (J), Th2/Th1 ratio (K),
and Th17/Treg ratio (L) after TACE, SBRT and IO. Generalized estimation equation was used for significance verification. Black, all patents; blue, responders; red,
non-responders. 10, immunotherapy; SBRT, stereotactic body radiotherapy; TACE, transarterial chemoembolization.
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ter treatment with TACE, SBRT, and IO, STIE cells and T-lymphocyte
lineage changed differentially: there were significant reductions after
TACE and SBRT in CD25%*CD8* T and CD127*CD8* T cells in non-
responders, while increases in NKT cells after SBRT and total lympho-
cytes during I0 were seen in responders. This is a STIE circulating
biomarker study for a unique multimodality regimen of the START-FIT
(NCT03817736, recently reported in Lancet Gastroenterol Hepatol) with
3 treatment modalities of TACE-SBRT-IO in each patient with locally
advanced unresectable HCC.'*

Our new finding was that CD4" T cells, Thl cells, Th1/Thl7 ra-
tio, Th17 cells, Th2/Th1 ratio, and Treg cells had differential effects
on the treatment responses to TACE-SBRT-IO, though the heterogene-
ity of STIE circulating cell distribution has been previously reported.'®
From the immunobiology point of view, CD4" T cells, Thl cells, and
Th1/Th17 ratio are known for their positive immune stimulation effect,
while Th2/Th1 ratio and Treg cells are immune suppressive. For ex-
ample, CD4* T cells are associated with good treatment response, as
these cells can help the immune response by stimulating other immune
cells, such as macrophages, to eliminate cancer cells. The role of Thl
and its balance with Th17 in both TME and STIE were reported to have
association with PFS and OS in HCC patients following surgical resec-
tion.!” Indeed, Th17 cells play a crucial role as a component of adap-
tive immunity and have diverse functions, particularly in inflammation
and tissue protection. They make important contributions, especially
in mucosal reactions, to host defense against extracellular pathogens.

SBRT Dose (Gy)
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However, in HCC patients, proinflammatory Th17 cells have been re-
ported to accumulate in HCC tissue, where they promote disease pro-
gression by fostering angiogenesis and are negatively correlated with
Thl cells.!”>'® Our findings of higher proportions of Thl cells in re-
sponders and higher levels of Th17 in non-responders are consistent
with previous reports.!”-2 Similarly, Treg cells were associated with
poor response to the treatment as expected since Treg cells promote an
immunosuppressive microenvironment to suppress anti-tumor immune
effector responses.?!>?? It is hard to understand, however, that the base-
line levels of CD127+CD8* T cells and CD25* CD8* T cells were sig-
nificantly associated with poor response (Fig. 7). CD127 appears to be
a marker of effector memory T cell phenotype. CD25% CD8* T cells are
known as the activated phenotype of CD8* T cells, and it is positively
correlated with improved OS in HCC patients treated with hypofrac-
tionated radiation therapy.'?-2%:24 Further subtyping analysis may help
understand the underlying biological rationale. One possibility could be
the vulnerability of these cells to treatment damage and importance of
their levels at the time of SBRT and IO treatment instead of baseline.
Indeed, both CD25* and CD127*CD8* T cells decreased significantly
after TACE and SBRT; the non-responders, though started with more of
these cells, had similar or lower levels at the end of IO treatment, sug-
gesting the importance of the cells at the time of SBRT and IO delivery.

The STIE cells changed heterogeneously after sequential TACE,
SBRT, and IO in the same patient and SBRT induced the most signifi-
cant reductions in lymphocytes and platelets among the three modali-
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ties, observed in both the exploratory and validation sets. It is also in-
teresting to note that the CD25% and CD127*"CD8* T cells reduced
significantly after SBRT. More reduction of immune effective lympho-
cytes in non-responders indicate more radiation immune suppression
likely from high sensitivity to radiation damage or high dose exposure
of the STIE. Future studies on radiosensitivity of CD25" CD8" T cells
and CD127*"CD8* T-lymphocytes may also help guide precision im-
munotherapy. As high doses were associated with better responses, the
dose of SBRT should be determined such that the dose ratio of tumor
versus the STIE are maximized in each patient.

It is worth noting that the immunomodulatory effect of SBRT has
been an important topic, but with limited evidence from patients. On
the one hand, radiation-induced lymphopenia has been reported to as-
sociate with worse outcomes in HCC patients, which is in concordance
with findings in this study.?> On the other hand, radiotherapy could
induce immunogenic cell death as a “vaccine” and increase the diver-
sity and clonality of intra-tumoral T cell receptor (TCR) repertoire.>®
SBRT significantly decreased the number of lymphocytes and cytotoxic
CD8* T cells in STIE, suggesting a possible immune inhibitory effect
in the circulation blood. Less reduction association with better response
suggests the importance of high-precision immune preserving radiation
technology.

It is intriguing to see the dynamics of NKT cells, which increased af-
ter the treatment modality of TACE, SBRT, and IO in the responders, and
had elevated significantly more after the treatment of SBRT (from 6.9%
to 10.4%). NTK cells, a special subset of T cells with both T cell receptors
(TCR) and NK cell receptors on the cell surface, are particularly known
to play an important role in HCC progression.?” NKT cells can produce
large quantities of cytokines and exert cytotoxic effects similar to those
of NK cells, but are also equipped with the immunomodulatory function
of T cells.!! The number of post-SBRT NKT cells was positively asso-
ciated with improved response in the present study, suggesting SBRT
triggered NKT cell expansion in the responders. This finding is in line
with previous reports in the literature. For instance, Li et al. demon-
strated that the peripheral NKT cells increased post-SBRT and patients
with higher levels of NKT cells achieved higher 2-year 0S.!! Further val-
idation study with a large sample size is warranted for the role of NKT
cells as a biomarker of SBRT immune stimulation and possible targeted
cell immunotherapy.

It is important to note that this study, for the first time to our knowl-
edge, reported differential changes of STIE cells after TACE, SBRT, and
I0 in the same patient. Most of reports, however, were either from ani-
mal studies or small series of single-modality treatments,!® which can-
not compare the differential effects from various modalities in the same
patient and do not meet the need of the current standard care of com-
bined multi-modality treatments. One study by Tang et al. reported the
significance of two modalities. According to the study, an increased level
of circulating CD8* T cells, CD8/CD4 ratio, and CD8* T cells expressing
4-1BB and PD1 denoted responses in patients receiving a combination
of ipilimumab and SBRT to liver or lung lesions.?® Knowledge is much
coveted, especially in an individual for his or her responses to various
modalities.?” If validated externally, our significant findings on STIE cir-
culating cells and longitudinal changes during TACE-SBRT-IO treatment
would shed light to promote more STIE based research on this deadly
disease, suggesting the potential of using STIE to guide future personal-
ized immunotherapy to improve the treatment outcome.

While the findings of this study are innovative and have significant
clinical implication, one has to note that this study is limited in sample
size. Significant results from small sample sized study could be a result of
random effects from testing or remarkable magnitude of difference in a
specifically enriched study population. Our results of STIE immune cells
were validated in an independent dataset, and we applied GEE testing
for stringent correction. The significant results from this study are most
likely due to highly selected study populations consisting only of pa-
tients with large unresectable HCC, uniform treatment modalities, and
strictly time-controlled TACE-SBRT-IO in all subjects. For the example
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of the treatment effects on STIE, there was no individual confounding
variables as comparison was between post- and pre-treatment in the
same patient. We thus believe the finding from this small-sized study is
at least partially hypothesis proving.

In summary, this study mapped STIE circulating cells after sequen-
tial TACE, SBRT, and IO in unresectable HCC, revealed heterogenous
and significant changes in lymphocytes and T-lymphocyte lineage and
their relationship with tumor control at 6 months post-IO. Findings of
this study suggest the role of host STIE cells and the more reshaping
effect of SBRT. It is interesting to note that high levels of CD4* T cells,
Th1 cells, and high ratios of Th1/Th17 at baseline and SBRT induced in-
crease in NKT cells were significantly higher in responders, while base-
line levels of Treg cells, Th17 cells, Th2/Th1 ratio were significantly as-
sociated with poor response after TACE-SBRT-IO treatment. This find-
ing is potentially useful because we could predict treatment response
after TACE-SBRT-IO multi-modality regimen according to baseline and
changes of STIE levels, and thus have the opportunity to adjust and opti-
mize further therapies. Validation trials and further research on the role
of STIE T-lymphocytes on immunotherapy responses are warranted to
better personalize treatment therapies.
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