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POST-IMMUNOTHERAPY TREATMENT IN HCC

and Asia (n = 97), and described patterns of care following ICI therapy. The
impact of subsequent therapy on overall survival (OS) was estimated using
the Kaplan—Meier method and presented with a 95% confidence interval (Cl).
A total of 420 patients were treated with ICls for advanced HCC after one
line of systemic therapy (n = 371, 88.8%): 31 (8.8%) had died, 152 (36.2%)
received best supportive care (BSC) following ICls, and 163 patients (38.8%)
received subsequent anticancer therapy. Tyrosine kinase inhibitors (TKIs,
n = 132, 80.9%), in particular sorafenib (n = 49, 30.0%), were the most com-
mon post-ICl therapy followed by external beam radiotherapy (n = 28, 17.2%),
further immunotherapy (n = 21, 12.9%), locoregional therapy (n = 23, 14.1%),
chemotherapy (n = 9, 5.5%), and surgery (n = 6, 3.6%). Receipt of post-IClI
therapy was associated with longer median OS compared with those who
had received BSC (12.1 vs. 3.3 months; hazard ratio [HR]: 0.4 (95% CI: 2.7—
5.0). No difference in OS was noted in those patients who received TKI before
ICls compared with those who received ICls followed by TKI. Conclusion:
Post-ICI therapy is associated with OS in excess of 12 months, suggesting
a role for therapeutic sequencing. OS from TKI therapy was similar to that
reported in registration studies, suggesting preserved efficacy following ICls.

INTRODUCTION

Until recently, treatment for hepatocellular cancer
(HCC) was dominated by tyrosine kinase inhibitors
(TKIs), which provided an overall survival (OS) benefit
of 2 months in the first-line setting compared with best
supportive care (BSC).'"3! However, the therapeutic
landscape has dramatically changed with the introduc-
tion of immune checkpoint inhibitors (ICls) both in the
first-line and second-line setting.[4‘6] Importantly, the
recently published IMBrave 150 study reported a sig-
nificant improvement in OS and progression-free sur-
vival (PFS) in patients treated with atezolizumab and
bevacizumab compared to sorafenib, making this the
new standard of care for newly diagnosed unresectable
HCC.I"I This publication has heralded a number of com-
bination ICI studies in HCC.®! However, the response to
combination ICls varies from 20% to 30%, and invari-
ably most patients will progress.[gl What is unclear is
what treatments should be used following ICl exposure.

Regorafenib,[m] cabozantinib,'"" and ramucirumab!?
all have been shown to impart survival benefit following
sorafenib failure but there is paucity of data regard-
ing their activity following ICls. The RESORCE study
investigated the efficacy of regorafenib versus pla-
cebo following sorafenib.'” Post hoc analysis of the
RESORCE study illustrated that sequential treatment
with regorafenib following sorafenib failure resulted in
a median survival of 26 months compared with 19.2
months in those who were randomized to placebo.m]
Similar results were observed in a post hoc analysis of

the CELESTIAL trial, a study that investigated cabozan-
tinib or placebo in patients who had received prior sys-
temic therapy.m The post hoc analysis illustrated that
in patients who had received prior sorafenib, cabozan-
tinib significantly improved OS, 24.5 months compared
with 18.8 months, in those receiving placebo.m] The
REFLECT study was a noninferiority study of lenvan-
tinib versus sorafenib for first-line treatment of unre-
sectable HCC.B®! A post hoc analysis of the REFLECT
data illustrates an OS benefit of second-line therapy
compared with those who did not receive subsequent
therapy, OS 20.8 versus 17.0 months (hazard ratio [HR]
0.87; 95% confidence interval [CI] 0.67—1.14)."% The
efficacy of subsequent anticancer therapy following ICI
failure remains undefined. The primary objective of this
retrospective, multi-institutional study was to explore
types of therapies and survival following ICI therapy in
HCC.

METHODS
Study population

Data were extracted from a large international data-
base that has been described previously.“s'm Briefly,
a consortium of 11 tertiary-care referral centers located
in Europe, the USA, and Asia contributed to a prospec-
tively maintained cohort of patients with HCC undergo-
ing treatment with ICls. To be included, patients had to
have a diagnosis of HCC made by histopathology or
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imaging criteria according to international guidelines,
not amenable to curative or loco-regional therapy fol-
lowing local multidisciplinary tumor board review and
measurable disease according to Response Evaluation
Criteria in Solid Tumors (RECIST) 1.1 criteria.l'®2% At
the censoring date of September 30, 2020, the multi-
center database included 420 eligible patients. Patients
were treated with ICls either as a monotherapy or in
combination with other agents between 2017 and 2020.
Ethical approval to conduct this study was granted
by the Imperial College Tissue Bank (Reference No.
R16008), and the institutional review board in each
participating institution also approved the study proto-
col. All study-related procedures and data collection
were conducted in accordance with the Declaration of
Helsinki and in accordance with Good Clinical Practice.

Study endpoints

The primary clinical endpoint of the study was OS, cal-
culated from the date of permanent cessation of ICls
to the date of death and/or last follow-up. Those pa-
tients who died while receiving ICls were excluded from
the survival analysis of subsequent therapy. Best re-
sponse to ICls was defined according to RECIST v1.1
criteria.[?”!

Statistical analysis

Continuous variables were presented as medians and
interquartile ranges (IQRs), and categorical variables
were summarized as proportions. Median OS and PFS
and corresponding 95% Cls were estimated using
the Kaplan-Meier method followed by log-rank test.
Statistical analyses were performed using SPSS ver-
sion 25.0 (IBM Inc., Chicago, IL, USA).

RESULTS
Baseline patient characteristics

A total of 420 patients with HCC were included in the
study from the USA (n = 249), Europe (n = 74), and Asia
(n = 97). The most common cause of underlying liver
disease was HCV infection (n = 163, 38.8%) followed
by hepatitis B virus (HBV) infection (n = 116, 27.6%),
alcohol-associated liver disease (n = 76, 18.1%), and
nonalcoholic fatty liver disease (n = 44, 10.5%). The
mean age of the study population was 65.1 years (range
25-89 years). At the time of commencement of ICls,
most of the patients had Barcelona Clinic Liver Cancer
C-stage disease (n = 299, 71.2%) and had preserved
liver function (n = 319, 75.9%). Most patients (n = 371,
88.3%) had received at least one prior treatment for

HCC before ICls, including at least first line of systemic
therapy (n = 289, 68.8%), with most having received
sorafenib (n = 237, 56.4%). Demographic findings are
provided in Table 1.

Monotherapy (n = 358, 85.2%) with nivolumab
(n =310, 73.8%) was the most commonly administered
ICIs followed by single-agent pembrolizumab (n = 22.
5.2%). In terms of combination therapy, 26 (6.2%) re-
ceived combination programmed death ligand 1 (PD-
L1)/cytotoxic T lymphocyte antigen 4 (CTLA-4) inhibitors,
and 18 patients (4.3%) received combination ICls with
TKIls while 4 patients (1%) received PD-L1/CTLA-4/TKI.
These combinations are outlined in Table S1. The best
overall response to ICls was assessed in 395 (94%)
patients. Twenty-seven (6.8%) patients experienced a
complete response (CR), 45 (11.4%) partial response
(PR), 161 (38.3%) had stable disease (SD), and 162
(38.6%) patients experienced progressive disease (PD).
The mean ICI duration was 6.5 months (SD + 6.7). The
median OS from commencement of ICI therapy was
15.4 months (95% CI 13.1-17.7 months) based on 216
events (49%), and median PFS was 3.6 months (95% CI
2.9—-4.3 months) based on 237 events (56%). As there is
emerging evidence suggesting viral etiology has an im-
proved outcome to ICI therapy compared with nonviral
liver disease,?" survival was compared between these
groups. No difference was observed between viral and
nonviral disease etiology (16.1 months [95% CI 12.7—
19.5] vs. 12.2 months [95% 7.7-16.7], p = 0.02).

After ICI therapy

At the time of analysis, 329 patients (78.3%) had discon-
tinued ICls, the main reason being disease progression
(n = 219, 52.1%) (Figure 1). Thirty-one patients (7.4%)
died while on ICIs and were excluded from further
analysis. Following ICI therapy, 163 patients (49.5%)
received a subsequent line of therapy, and 152 patients
(46.5%) received BSC (Table 1). In terms of baseline
characteristics, the subgroup that received subsequent
therapy was more likely to be from the USA (62.6%) or
Asia (29.4%) compared with Europe (8.0%) (p < 0.001),
younger age at commencement of ICls (median age
65.0 vs. 68.0 years, p = 0.03), and had higher rates of
HBV (36.9 vs. 23.0%, p = 0.01) compared with those
who received BSC. The subsequent therapy group was
more likely to have preserved liver function at baseline
(Child-Pugh A 82.4% compared with 69.1% of patients
who received BSC; p = 0.008). Both groups were bal-
anced in terms of tumor staging at the time of ICl initia-
tion. At the time of ICI cessation, 86 (27.2%) of patients
had an Eastern Cooperative Oncology Group (ECOG)
performance status (PS) of 0, 131 (41.5%) had an
ECOG PS of 1, 46 (14.6%) had an ECOG PS of 2, and
26 (5.0%) had an ECOG PS of 3. More patients who re-
ceived BSC had an advanced PS compared with those
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TABLE 1

Baseline
characteristic

Center
USA
Europe
Asia

Age, years, median
(IQR)

Sex

Male
Female
Etiology
Hepatitis C
Hepatitis B
Alcohol
Other

Child-Turcotte-Pugh
Class

A
B

Barcelona Clinic Liver
Cancer

A
B
C

Maximum tumor
diameter

<7 cm

>7 cm
Portal vein thrombus
Absent
Present
AFP (ug/dL)
<400

>400
Cirrhosis
Absent
Present
Metastases
Absent
Present

Previous lines of
treatment

>3

All patients (%),
range n = 420

249 (58.3)
73 (16.8)
45 (10.5)
65.1 (13)

331(78.8)
89 (21.2)

162 (38.6)
115 (27.3)
74 (17.6)
59 (14.0)

319 (75.9)
97 (23.1)

15 (3.6)
106 (25.2)
299 (71.2)

180 (42.9)
101 (66.9)

220 (52.4)
100 (23.8)

244 (58.1)
158 (37.6)

117 (27.9)
297 (70.7)

166 (39.5)
161 (38.3)

48 (11.4)
96 (22.9)
116 (27.6)
159 (37.9)

Baseline characteristics of the study population

Subsequent
therapy (%)
n =165

63.2 (10)

126 (76.4)
39 (23.6)

57 (34.5)
60 (36.4)
27 (16.4)
25 (15.1)

133 (80.6)
28 (17.0)

9 (5.5)
38 (23.0)
118 (71.5)

60 (36.4)
42 (25.5)

88 (53.3)
37 (22.4)

98 (59.4)
66 (40.00)

52 (31.5)
133 (68.5)

62 (37.6)
64 (38.8)

15 (9.1)

32 (19.4)
43 (26.1)
74 (44.8)

TABLE 1 (Continued)
Subsequent
Baseline All patients (%), therapy (%)
characteristic range n = 420 n =165
Previous treatment
Resection 132 (31.9) 66 (40)
Radiofrequency/ 296 (5.9) 43 (26.1)
microwave ablation
Transarterial 195 (47.1) 83 (50.3)
chemoembolization
Y90 93 (22.5) 29 (17.6)
Radiotherapy 49 (11.8) 29 (17.6)
Sorafenib 237 (57.2) 94 (57.0)
Other 102 (24.6) 46 (35.9)

Abbreviations: AFP, a-fetoprotein; IQR, interquartile range.

who received subsequent therapy (p < 0.001). In terms
of toxicity, those who received BSC were more likely to
have experienced any grade of liver toxicity secondary
to ICls, compared with those who received subsequent
therapy (20.7% vs. 11.7%, p = 0.01). No differences in
any other toxicity were noted. Most patients receiving
subsequent therapy had experienced primary resist-
ance and PD to ICI therapy (n = 82, 50.3%), whereas
48 (29.4%) had initially experienced SD, and 11 (6.7%)
achieved a PR and 6 (3.6%) achieved CR.

Most patients received only one further line of treatment
(n =115, 70.5%). TKIs were the most common next line of
therapy (n = 109, 66.9%), in particular sorafenib (44.9%)
and regorafenib (30.3%). Fifty-one patients (31.2%) re-
ceived liver-directed therapies including radiofrequency
ablation, transarterial chemoembolization, transarterial ra-
dioembolization, or external-beam radiotherapy, of whom
14 (8.5%) received liver-directed therapies in combination
with other therapies (Table 2). Of note, 48 patients (29.4%)
underwent multiple lines of further treatment, including 2
patients who underwent liver transplantation.

A significant benefit in median OS was observed for
those patients who received therapy following ICls (HR
0.4, 95% CI 0.3-0.5, p < 0.001), such that patients who
received further treatment had a median OS following
the cessation of ICls of 12.2 months (95% CI 9.3—-15.0)
compared with 3.2 months (95% Cl 1.8—4.5) in those who
received BSC (log rank; p < 0.001) (Figure 2). Estimated
survival rates from the end of ICls were higher in those
who received subsequent therapy from 6 months until
36 months (Table 3). We explored these parameters
with other known predictors of survival from com-
mencement of ICls on multivariable analysis (Table 4).
Receipt of subsequent therapy remained a significant
predictor of OS on multivariable analysis (HR 0.4, 95%
Cl 0.3-0.6, p < 0.001). Patients who had received ICI
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FIGURE 1

TABLE 2 Details of subsequent therapies received during
survival follow-up following immunotherapy (n = 165)

Number of subsequent lines received n (%)
115 (67.9)
2 32 (19.4)
>3 13 (7.9)
Treatments received
TKI 109 (66.1)
sorafenib 49 (44.9)
lenvatinib 31 (28.4)
regorafenib 33(30.3)
cabozantinib 13 (11.9)
ramucirumab 6 (5.5)
Radiotherapy 28 (16.9)
Immunotherapy 21 (12.7)
Transarterial chemoembolization/Y90 19 (11.5)
Chemotherapy 9(5.5)
Surgery 6 (3.6)
Radiofrequency/microwave ablation 4(2.4)
Other 23 (13.9)

first-line therapy had worse survival outcomes com-
pared with those who had received ICls as second-line
or third-line therapy (median OS 10.9 months compared
with 12.5 months; HR 1.6, 95% CI 1.01-2.5, p = 0.02).
Responders to ICIs who received subsequent antican-
cer treatment (n = 16) had an improved OS compared
with those who did not initially respond to ICls (n = 142)
(HR 0.3, 95% CI1 0.1-0.9, p = 0.04).

We then considered whether sequencing of TKis
and ICIs had an impact on survival outcomes. No

M Ongoing ICI Treatment
[ Progressive Disease

B Toxicity

E Other

N Treatment Plan Complete

Pie chart illustrating the reasons for cessation of immunotherapy. ICI, immune checkpoint inhibitor

difference was observed between the survival of those
patients who had previously received TKiIs followed by
ICls compared with those who had ICIs followed by
TKils (15.5 months [95% CI 5.4—-25.5] vs. 15.9 months
[95% CI 13.7-18.2], p = 0.2). However, patients who
received TKils followed by ICls and then TKls had a
significantly prolonged OS (22.3 months [95% CI 10.4—
34.2], p = 0.04). Of interest, prior sorafenib therapy did
not affect the subsequent efficacy of administered TKils
(HR 0.8, 95% CI1 0.5-1.3, p = 0.5). We then considered
the subgroup patients who had previously received
sorafenib (n = 73) and were rechallenged with sorafenib
following ICls. Rechallenge with sorafenib resulted in
a median OS of 12.5 months (95% CI 8.7-16.3). No
statistical difference was observed in the efficacy of in-
dividual TKils (Figure 3).

DISCUSSION

Since the initial approval of sorafenib for advanced
HCC, subsequent development of active second-line
therapies, improved patient selection, and treatment-
stage migration'??! have pushed the median OS for this
population.[13‘15]

Immune-based therapies are reshaping the ther-
apeutic armamentarium of HCC.”®! However, anti—
programmed cell death-1 (PD-1) monotherapy!*®!
and dual checkpoint inhibition with anti-CTLA-4124
were approved by the FDA on the basis of response
rates rather than evidence of convincing OS benefit.
Although atezolizumab and bevacizumab prolong OS
first-line, data on long-term survivorship and response
to subsequent therapies are not yet available.l"! Most
patients with advanced HCC will invariably progress,
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FIGURE 2 Kaplan-Meier curve illustrating the overall survival (OS) relationship between patients who received subsequent therapy

following immunotherapy (n = 163) and those who did not (n = 152)

TABLE 3 Estimated survival rates from the end of ICI
treatment

Subsequent No subsequent
Survival rate treatment (n =162) treatment (n = 194)
6 months 69.8% 36.9%
12 months 49.9% 18.0%
24 months 23.7% 13.0%
36 months 13.9% =

and there is very little evidence to guide recommen-
dations for what treatments should be used after ICI
therapy, the sequencing of these therapies, and the ef-
ficacy of subsequent lines of therapy.

Using a large, international, observational data set,
we first attempted to evaluate patterns of anticancer
therapy following ICI failure in patients with HCC.
We found that most patients considered eligible for
subsequent therapy received a TKI. Sorafenib was
the most commonly prescribed TKI following ICls,
a point of interest given that most of our patients
were sorafenib-experienced before ICIs. Notably,
a significant proportion of patients who received
second-line therapy, 31.2%, were considered for
further ablative/locoregional or even radical therapy
(including liver transplantation), suggesting that the

disease-modulating effect of ICIs might have pro-
duced significant down-staging of the disease and
treatment-stage migration, a concept that should be
explored in future work. These results are particu-
larly provocative in underscoring the need for multi-
disciplinary evaluation of tumor and patient status at
the point of ICI progression, so that patients can be
treated with the optimal therapeutic modality in an at-
tempt to maximize OS.

Considering the clinical outcomes of our patient
cohort, our results show that receipt of subsequent
therapy of any type was associated with a significant
improvement in OS compared with provision of BSC
(HR 0.4 95% CI 2.7-5.0, p < 0.001). These results
should be interpreted with caution. This is a registry
study; therefore, selection bias must be considered
when evaluating our results, particularly as we ob-
served that patients receiving subsequent therapy were
more likely to have preserved liver function and better
PS at the completion of ICls compared with those in
the BSC cohort, which may account for their improved
outcomes. The impact of PS and underlying liver func-
tion on survival outcomes with systemic therapy is well
established and needs to be controlled for in future
work.[2>281 Moreover, we observed clear geographi-
cal differences, with patients from the USA and Asia
more likely to receive subsequent therapies and those
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TABLE 4 Univariable and multivariable predictors of survival from commencement of ICls

Predictor Univariable HR (95% CI)
Subsequent therapy 0.4 (0.3-0.5)
BCLC stage C/D vs. A/B 1.5 (1.1=-2.1)
ECOG PS (>1) 1.2 (0.9-1.5)
CTP class (B/C vs. A) 1.9 (1.4-1.5)
Cirrhosis (presence vs. absence) 1.1 (0.8-1.4)
PVT (presence vs. absence) 21(1.5-290
Geographic region

USA vs. Europe 0.9 (0.7-1.3)

USA vs. Asia 1.3 (0.8-1.9)
Extrahepatic metastases (present) 1.2 (0.9-1.7)
AFP > 400 (ug/dL) 1.9 (1.4-2.6)
Etiology (viral vs. nonviral) 0.8 (0.6-1.1)

p value Multivariable HR (95% Cl) p value
<0.001 0.4 (0.3-0.6) <0.001
0.006

0.3

<0.001 1.4 (0.9-2.2) 0.8
0.7

<0.001 1.7 (1.2-2.5) 0.006
0.4

0.2

<0.001 1.7 (1.2-2.5) 0.5

0.1

Abbreviations: BCLC, Barcelona Clinic Liver Cancer; CTP, Child-Turcotte-Pugh; ECOG PS, Eastern Cooperative Oncology Group performance status; PVT,

portal vein thrombosis.

20.00

15.00

10.00

§.00

Median OS (months)

0.00

FIGURE 3 Histogram illustrating OS and 95% confidence intervals with subsequent lines of therapy following ICls. Abbreviation: TKI,

tyrosine kinase inhibitor

in Europe more likely to receive BSC, which may reflect
the differing reimbursement patterns. Future studies
would be strengthened by propensity score matching,
which we were unable to perform due to the limited
sample size. However, on multivariable analysis of the
entire patient cohort, receipt of subsequent therapy re-
mained an independent predictor of survival, suggest-
ing that patient selection alone does not account for the
improved survival in the subsequent therapy group—a
finding that requires further evaluation.

Patients treated with TKIs following ICls achieved
median OS in about 12 months, in line with registra-
tion studies of TKls in HCC.!"®! Particularly notable is

the prolonged OS in patients who had received ICls
after TKIls compared to those treated with ICls in the
first-line setting. Multitargeted TKIs disrupt many path-
ways that promote a highly immunosuppressive tumor
microenvironment, and TKls have been shown to help
deplete regulatory T cells and myeloid-derived sup-
pressors from the tumor microenvironment®?’!; indeed,
early trials looking at the combination have demon-
strated significant promise, and ongoing phase 3 trials
will soon report the effects of TKI and ICI combinations,
although these trials will not necessarily address poten-
tial benefits of sequencing therapies over concurrent
administration.?®?% |n addition, we speculate whether
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a proportion of patients treated with PD-1 inhibitors in
first-line therapy might have experienced higher pro-
portion of hyperprogression,[sol a paradoxical wors-
ening of disease status that can affect up to 15% of
patients with HCC."!

Evidence of efficacy of TKIs following ICls in HCC
is limited. A post hoc analysis of 14 patients in the
CELESTIAL study who received cabozantinib third
line following ICls reported a median OS of 7.9 months
(95% CI 5.1-NE), which was comparable to that of pa-
tients who had received two prior regimens (median OS
8.5 months [95% CI 7.4—9.7]).2% Another abstract of 30
patients reported a median OS from commencement of
TKIs following ICls of 20 months (95% CI 4.0-NE).*%
Interestingly, our results mirror evidence produced in
renal cell cancer (RCC), an oncological indication char-
acterized by similar dependence on angiogenesis seen
in HCC. In RCC, sequential TKI use following ICI ther-
apy is associated with incremental OS benefit, lead-
ing to international guidelines recommending the use
of any multitargeted TKI that has not been used in the
first-line setting in combination with ICls.33=3%! Notably,
the half-lives of the checkpoints used in the treatment
of HCC range from 2 to 4 weeks, so there may be a
component of synergy also seen in patients who are
receiving sequential treatment.

Most of the patients who had further treatment
had experienced primary resistance to single-agent
nivolumab, which was administered primarily as
second-line therapy following sorafenib failure, and
the median OS reported in this study is consistent with
that observed in Keynote-240.[36] Following ICls, most
patients subsequently received TKils, although any
differences in efficacy between individual TKIs can-
not be resolved due to the small size of the data set.
Data were not collected on patterns of disease failure
with each line of therapy, which would be of interest
particularly with regard to emerging work investigat-
ing the immune infiltrate in metastases compared with
the primary site giving insight into patterns of immune
escape.ml It should be noted that most patients had
received sorafenib in the first-line setting; this did not
affect the survival benefit from subsequent TKls and
supports the findings of the post hoc analyses of the
RESORCE, CELESTIAL, and REFLECT studies that
illustrate additive survival benefit with sequential TKls
owing to their nonredundant molecular targets.[13‘15]

There is acomplexinterplay between angiogenesis and
the immune response, and much research has addressed
the role of anti-angiogenics in enhancing the response to
immunotherapy. However, emerging evidence suggests
that immunotherapy also affects the tumor vasculature
and may improve the efficacy of anti-angiogenics.*¢*¥ In
an elegant paper using an in vivo model of breast cancer,
Tian et al. demonstrated that immunotherapy resulted in
vessel normalization secondary to infiltration of CD4"
T cells and secretion of interferon-y.[40] It is conceivable,

therefore, that the vascular normalization induced by ICls
resulted in enhanced delivery and effect of any subse-
quent therapy, a concept that needs to be further investi-
gated in the preclinical setting.ml

There are a number of limitations of this analysis,
including the retrospective nature of the data, the lack
of response and toxicity data that is of particular im-
portance in the palliative setting, and the diversity of
TKiIs in the post-ICI space. Selection bias in terms of
patients receiving subsequent lines of treatment also
needs to be considered. Time to tumor progression
data with TKIs would also be of key interest. Despite
the introduction of atezoluzimab and bevacizumab for
the first-line treatment of HCC, these data are of inter-
est given the results regarding subsequent treatments
following ICIs.[! International guidelines have approved
the use of TKiIs following immunotherapy with a distinct
lack of evidence, and this work supports the contin-
ued sequencing of these agents in the management of
HCC.#142) validation of these findings in future clinical
trials is warranted in order to delineate the second and
subsequent line therapeutic space in HCC.
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