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Abstract

Background and Aims: The outcome of patients with HCC who achieved

complete response (CR) to immune-checkpoint inhibitor (ICI)–based

systemic therapies is unclear.

Approach and Results: Retrospective study of patients with HCC who had

CR according to modified Response Evaluation Criteria in Solid Tumors (CR-

mRECIST) to ICI-based systemic therapies from 28 centers in Asia, Europe,

and the United States. Of 3933 patients with HCC treated with ICI-based

noncurative systemic therapies, 174 (4.4%) achieved CR-mRECIST, and 97

(2.5%) had CR according to RECISTv1.1 (CR-RECISTv1.1) as well. The mean

age of the total cohort (male, 85%; Barcelona-Clinic Liver Cancer-C, 70%) was

65.9±9.8 years. The majority (83%) received ICI-based combination thera-

pies. Median follow-up was 32.2 (95% CI: 29.9–34.4) months. One- and 3-year
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Abbreviations: BCLC-C, Barcelona-Clinic Liver Cancer stage C; CR, complete response; ctDNA, circulating tumor DNA; ICI, immune checkpoint inhibitor; CR-
mRECIST, CR according to modified Response Evaluation Criteria in Solid Tumors; CR-RECISTv1.1, CR according to RECISTv1.1; NE–NE, not evaluable–not
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overall survival rates were 98% and 86%. One- and 3-year recurrence-free

survival rates were excellent in patients with CR-mRECIST-only and CR-

RECISTv1.1 (78% and 55%; 70% and 42%). Among patients who discontinued

ICIs for reasons other than recurrence, those who received immunotherapy for

≥6 months after the first mRECIST CR had a longer recurrence-free survival

than those who discontinued immunotherapy earlier (p=0.008). Of 9 patients

who underwent curative surgical conversion therapy, 8 (89%) had pathological

CR (CR-RECISTv1.1, n= 2/2; CR-mRECIST-only, n= 6/7).

Conclusions: Overall survival and recurrence-free survival of patients with CR-

mRECIST-only and CR-RECISTv1.1 were excellent, and 6 of 7 patients with

CR-mRECIST-only who underwent surgical conversion therapy had pathologi-

cal CR. Despite potential limitations, these findings support the use of mRECIST

in the context of immunotherapy for clinical decision-making. When considering

ICI discontinuation, treatment for at least 6 months beyond CR seems advisable.

Keywords: immune checkpoint inhibitor, liver cancer, RECIST, systemic
therapy

INTRODUCTION

HCC is one of the most common and deadliest
cancers globally.[1] HCC is frequently diagnosed at
locally advanced or metastatic stages, where systemic
therapy is recommended, provided that liver function
is preserved.[2] Immune checkpoint inhibitor (ICI)–
based therapies represent the reference standard
in the systemic first-line treatment of patients with
advanced-stage HCC.[2] Even though considered non-
curative therapies, ICIs have the potential to induce
deep and durable responses.[3–6] This may enable
right-to-left sequential treatment stage migration and
even allow potential curative conversion therapy (eg,
resection or liver transplantation) in selected patients
with HCC who were initially diagnosed at advanced
stages.[7–9]

A small proportion of patients can even achieve a
complete response (CR) with ICI-based combination
therapies.[3,4] Little is known about the outcome of
patients who have CR to immunotherapy, and no
guidance exists on how to manage patients with HCC
after achieving a CR. There are several open
questions, including whether and when it is safe to
stop immunotherapy after CR, and if these patients
should undergo curative conversion therapy or simply
be observed closely for recurrence. It is also unknown
whether mRECIST[10] is appropriate to identify com-
plete necrosis in the context of immunotherapy or
whether only the complete disappearance of all tumor
lesions, as required by RECISTv1.1,[11] reflects “true”
CR can translate into unprecedented long-term
survival.

In this large retrospective, international, multicenter
study, we aimed to shed light on the outcome and
management of this particular group of patients with HCC
who achieved CR to ICI-based systemic therapies.

METHODS

Patients

We included patients with radiologically or histologi-
cally diagnosed HCC who achieved radiological CR
according to mRECIST[10] with ICI-based systemic
therapy from 28 centers in Asia, Europe, and the
United States. We only included patients who received
ICI-based therapies as definitive therapies in a non-
curative setting as per the decision of the local
multidisciplinary team. Patients who received immu-
notherapy in a curative setting as (neo-)adjuvant
therapy before/after resection or ablation or in combi-
nation with locoregional therapies were excluded.
Locoregional therapy prior to immunotherapy initiation
was allowed, but all patients had to have viable tumors
at the time of ICI initiation.

Data were collected retrospectively from medical
records. The date of initiation of the immunotherapy
regimen leading to complete response was the baseline
of this study. This study was conducted in accordance
with the Declarations of Helsinki and Istanbul and
approved by the Ethics Committee of the Medical
University of Vienna. The need for written informed
consent was waived due to the retrospective nature of
the study.
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Definitions

“CR-mRECIST-only” refers to patients who only achieved
radiological complete response according to mRECIST
(=disappearance of any intratumoral arterial enhance-
ment in target and nontarget lesions).[10] “CR-RECISTv1.1”
refers to patients with radiological CR according to
RECISTv1.1 (=disappearance of all target and nontarget
lesions),[11] who by nature also have CR according to
mRECIST. “Curative conversion treatment” was defined
as any kind of treatment performed in patients with ongoing
CR (according to either mRECIST or RECISTv1.1) with
the aim of inducing long-term remission. In patients who
underwent resection or liver transplantation, local histo-
pathological reports were used to assess the presence or
absence of complete pathological response defined as
no viable tumor tissue within the specimen. Any treatment
performed after tumor recurrence was considered as
“treatment of recurrence.” Supplemental Figure S1, http://
links.lww.com/HEP/J634, demonstrates key dates and
end points evaluated for this study.

Statistical methods

Baseline characteristics were presented using descrip-
tive statistics. Median estimated follow-up time was
calculated using the reverse Kaplan-Meier method.[12]

Median treatment duration was defined as time from the
date of immunotherapy initiation until the date of last
administration; patients who were still receiving immu-
notherapy at the last follow-up were censored.

Calculations involving the date of first radiological
complete response were handled as follows: when
referring to the whole cohort or patients with CR-
mRECIST-only, the date of first radiological complete
response according to mRECIST was used; when
referring to the CR-RECISTv1.1 group, the date of
first radiological complete response according to
RECISTv1.1 was used.

Recurrence-free survival was defined as the time
from the date of first radiological CR until the date of first
tumor recurrence or death, whatever came first; patients
alive without recurrence were censored at the date of
last contact. Duration of response was defined as the
time from the first CR until the date of tumor recurrence;
patients who died prior to tumor recurrence were
censored at the date of death, and patients alive
without tumor recurrence were censored at the date of
last contact. Overall survival (OS) was defined as the
time from ICI start until death; patients still alive or lost to
follow-up were censored at the date of last contact.
Survival curves were calculated using the Kaplan-Meier
method and compared by the Log-rank Test.

Univariable and multivariable analyses were per-
formed using Cox regression. Variable selection in the
multivariable model was based on stepwise backward

elimination. A p-value of <0.05 was considered statis-
tically significant. Statistical analyses were performed
using IBM SPSS Statistics version 26.0 (SPSS Inc.,
Chicago, IL), R 4.3.1 (R Core Team, R Foundation for
Statistical Computing, Vienna, Austria), and GraphPad
Prism 10.2.1 (GraphPad Software, San Diego, CA).

RESULTS

Patients

Of 3933 patients with HCC treated with ICI-based
noncurative systemic therapies, 174 (4.4%) patients
achieved CR according to mRECIST (CR-mRECIST),
and 97 (2.5%) patients had CR according to RECISTv1.1
(CR-RECISTv1.1) as well. The total cohort included 174
patients who initiated immunotherapy-based systemic
therapy between September 2015 and November 2023.

The mean age was 65.9±9.8 years, 147 (85%) were
male, and the majority had Child-Pugh class A (n=158,
91%). While 70% of patients had Barcelona-Clinic Liver
Cancer (BCLC) stage C (n=122), 26% had BCLC stage
B and 6 patients had BCLC stage A (3%). Patients with
BCLC stage A received ICI-based therapies for the
following reasons: patient wish (n=3, partially due to a
history of repeated recurrences after several sessions of
locoregional therapy), tumor location unsuitable for
locoregional therapy (n=2), and suspected unfavorable
tumor biology based on high alpha-fetoprotein (AFP)
levels and paraneoplastic polycythemia (n=1). Viral
hepatitis was the most common etiology of liver disease
as 58 patients (33.3%) had HBV−, and 36 patients
(20.7%) had HCV-associated liver disease.

While 50 patients with HBV (86.2%) were already
receiving antiviral treatment, antiviral therapy was started
in 4 patients (6.9%) at the time of ICI initiation or
thereafter. The remaining 4 patients (6.9%) had negative
HBV DNA at baseline and did therefore not receive
antiviral therapy. At baseline, only 8 patients (22.2%) had
positive HCV RNA, of which 3 individuals (8.3%)
received anti-HCV treatment at ICI start or thereafter.
The remaining 5 patients (13.9%) remained without
HCV-specific treatment. One hundred thirty-nine patients
(80%) had undergone previous surgical or locoregional
therapies. The median time interval between the last
surgical or locoregional therapy and initiation of the ICI-
based regimen was 4.8 (IQR: 2.4–10.6) months.

The majority (n=145, 83%) received ICI-based com-
bination therapies (atezolizumab/bevacizumab: n=104,
60%; durvalumab/tremelimumab, n=10, 6%; nivolumab/
ipilimumab: n=10, 6%; anti-PD-(L)1+TKI combinations:
n=19, 11%; anti-programmed cell death protein 1+anti-
cytotoxic T-lymphocyte associated protein 4 (CTLA-4)+
TKI: n=1, 1%), and 29 (17%) received programmed cell
death ligand 1 monotherapy. Detailed patient character-
istics are displayed in Table 1.
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TABLE 1 Patient characteristics

All patients (n= 174) CR-RECISTv1.1 (n=97) CR-mRECIST-only (n= 77)

Age (y), mean±SD 65.9±9.8 64.7±9.6 67.3±9.8

Male, n (%) 147 (85) 80 (83) 67 (87)

Etiology, n (%)

Viral 94 (54) 58 (60) 36 (47)

MASLD 30 (17) 13 (13) 17 (22)

ALD 29 (17) 13 (13) 16 (21)

Other 21 (12) 13 (13) 8 (10)

Cirrhosis, n (%) 136 (78) 75 (77) 61 (79)

Child-Pugh class, n (%)

A 158 (91) 90 (93) 68 (88)

B 15 (9) 6 (6) 9 (12)

C 1 (1) 1 (1) 0

Presence of varices, n (%)a 52 (29.9) 30 (30.9) 21 (27.3)

Small varices 31 (17.8) 18 (18.6) 13 (16.9)

Medium/large varices 21 (12.1) 12 (12.4) 8 (10.4)

History of variceal bleeding, n (%) 5 (2.9) 5 (5.2) 0

Prophylaxis of variceal bleeding, n (%) 32 (18.4) 18 (18.6) 14 (18.2)

NSBB treatment 19 (10.9) 8 (8.2) 11 (14.3)

Endoscopic treatment 7 (4.0) 5 (5.2) 2 (2.6)

NSBB + endoscopic treatment 6 (3.4) 5 (5.2) 1 (1.3)

ECOG PS, n (%)

0 107 (62) 60 (62) 47 (61)

1 67 (39) 37 (38) 30 (39)

Macrovascular invasion, n (%) 54 (31) 25 (26) 29 (38)

Extrahepatic metastases, n (%) 62 (36) 35 (36) 27 (35)

BCLC stage, n (%)

A 6 (3) 4 (4) 2 (3)

B 45 (26) 29 (30) 16 (21)

C 122 (70) 63 (65) 59 (77)

D 1 (1) 1 (1) 0

Any prior treatment, n (%) 139 (80) 87 (90) 52 (68)

Previous TACE 90 (52) 60 (62) 30 (39)

Previous resection 66 (38) 48 (50) 18 (23)

Previous ablation 41 (24) 22 (23) 19 (25)

Previous systemic therapy 41 (24) 26 (27) 15 (20)

Previous radiotherapy 25 (14) 15 (16) 10 (13)

Previous TARE 9 (5) 5 (5) 4 (5)

No. any previous lines of treatment, n (%) 2 (IQR: 1–2) 2 (IQR: 1–2) 1 (IQR: 0–2)

No pretreatment 36 (21) 10 (10) 26 (34)

One previous treatment line 46 (26) 25 (26) 21 (27)

Two previous lines of treatment 57 (33) 38 (39) 19 (25)

Three or more lines of previous treatment 35 (20) 24 (25) 11 (14)

Line of ICI treatment, n (%)

First-line 133 (76) 71 (73) 62 (81)

Second-line 31 (18) 21 (22) 10 (13)

Further line 10 (6) 5 (5) 5 (7)

Type of ICI regimen, n (%)

Atezolizumab+bevacizumab 104 (60) 52 (54) 52 (68)

Anti-PD-(L)1 monotherapy 29 (17) 19 (20) 10 (13)
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Outcome of the whole cohort

The median follow-up from the start of immunotherapy
and from the first CR (mRECIST) was 32.2 (95% CI:
29.9–34.4) months and 24.9 (95% CI: 20.6–29.2)
months, respectively.

The median duration of ICI treatment was 22.6 (95%
CI: 21.2–24.1) months, median time from immuno-
therapy start until the first CR (mRECIST) was 7.0 (95%
CI: 5.6–8.3) months (Table 2), and median duration of
response was 36.5 (95% CI: not evaluable–not evalu-
able [NE–NE]) months. One hundred twenty-eight

TABLE 1 . (continued)

All patients (n= 174) CR-RECISTv1.1 (n=97) CR-mRECIST-only (n= 77)

Anti-PD-(L)1+TKI 19 (11) 12 (12) 7 (9)

Tremelimumab+durvalumab 10 (6) 7 (7) 3 (4)

Nivolumab+ipilimumab 10 (6) 5 (5) 5 (7)

Durvalumab+bevacizumab 1 (1) 1 (1) 0

Anti-PD-1+anti-CTLA-4+TKI 1 (1) 1 (1) 0

CRP ≥1 mg/dLb 39 (22) 13 (13) 26 (34%)

AFP (ng/mL), median (IQR) 39.8 (4.7–1767.0) 49.8 (5.0–790.5) 26.8 (4.2–3310.9)

aUnknown, n= 43 (24.7%).
bMissing, n=37.
Abbreviations: AFP, alpha-fetoprotein; ALD, alcohol-associated liver disease; BCLC, Barcelona-Clinic Liver Cancer; CR-mRECIST, complete response according to
modified Response Evaluation Criteria in Solid Tumors; CRP, C-reactive protein; CR-RECISTv1.1, complete response according to Response Evaluation Criteria in
Solid Tumors version 1.1; CTLA-4, Cytotoxic T-lymphocyte associated protein 4; ECOG PS, Eastern Cooperative Oncology Group Performance Status; ICI, immune
checkpoint inhibitor; MASLD, metabolic dysfunction–associated steatotic liver disease; NSBB, nonselective beta-blocker; PD-(L)1, programmed cell death protein 1/
ligand 1; TACE, transarterial chemoembolization; TARE, transarterial radioembolization; TKI, tyrosine kinase inhibitor.

TABLE 2 Main outcome results

All patients (n= 174) CR-RECISTv1.1 (n= 97) CR-mRECIST-only (n= 77)

Best overall response (RECISTv1.1), n (%)

Complete response 97 (56) 97 (100) —

Partial response 68 (39) — 68 (88)

Stable disease 9 (5) — 9 (12)

Curative conversion therapy performed, n (%) 13 (8) 2 (2) 11 (14)

Resection 5 (3) — 5 (7)

Liver transplantation 4 (2) 2 (2) 2 (3)

Ablation 4 (2) — 4 (5)

Pathological complete response, n (%)a 8 (89) 2 (100) 6 (86)

Death during FU, n (%) 23 (13) 12 (12) 11 (14)

Time to complete response, median (95% CI) 7.0 (5.6–8.3) 8.3 (6.4–10.3) 6.8 (5.3–8.4)

Overall survival (months), median (95% CI) NE (NE–NE) NE (NE–NE) NE (NE–NE)

1-y OS rate (%) 98 100 96

2-y OS rate (%) 95 98 91

3-y OS rate (%) 86 87 86

4-y OS rate (%) 81 85 76

5-y OS rate (%) 77 78 76

Recurrence during FU, n (%) 59 (34) 37 (38) 22 (29)

Recurrence-free survival (mo), median (95% CI) 30.3 (21.5–39.1) 28.4 (18.3–38.4) 37.0 (NE–NE)

1-y RFS rate (%) 76 70 78

2-y RFS rate (%) 58 58 58

3-y RFS rate (%) 48 42 55

4-y RFS rate (%) 43 39 50

5-y RFS rate (%) 43 39 50

aPathological complete response was assessed in patients who underwent surgical conversion therapy (n= 9) with either liver transplantation or resection, and
percentages refer to this subgroup.
Abbreviations: CR-mRECIST, complete response according to modified Response Evaluation Criteria in Solid Tumors; CR-RECISTv1.1, complete response
according to Response Evaluation Criteria in Solid Tumors version 1.1; FU, follow-up; NE–NE, not evaluable–not evaluable; OS, overall survival; RECISTv1.1,
Response Evaluation Criteria in Solid Tumors version 1.1; RFS, recurrence-free survival.
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(74%) patients discontinued ICIs during follow-up due to
recurrence (n=21, 12%), adverse events (n=22, 13%),
ongoing CR (n= 57, 33%), curative conversion therapy
(n=9, 5%), or other reasons (n=19, 11%).

At baseline, AFP levels were elevated (ie, ≥10 ng/
mL) in 109 patients (63.4%). During treatment, median
AFP levels declined from 39.8 (IQR, 4.7–1767.0) ng/mL
at baseline (= ICI start) to 2.2 (IQR, 1.5–3.9) ng/mL at
nadir (Supplemental Figure S2, http://links.lww.com/
HEP/J634). AFP levels decreased to < 10 ng/mL during
treatment in almost all patients (n= 92/109, 84%).

Median recurrence-free survival (RFS) from the first
CR (mRECIST) was 30.3 (95% CI, 21.5–39.1) months,
with a 1-, 2-, and 3-year RFS rate of 76%, 58%, and
48%, respectively (Table 2, Supplemental Figure S3A,
http://links.lww.com/HEP/J634).

Fifty-nine (34%) patients experienced tumor recurrence
after achieving CR, and 23 (13%) patients deceased
during follow-up (Table 2). Median OS from immuno-
therapy start was not evaluable (95% CI: NE–NE), with a
1-, 2-, and 3-year OS rate of 98%, 95%, and 86%,
respectively (Table 2, Supplemental Figure S3B, http://
links.lww.com/HEP/J634). As antiangiogenic treatment is
a concern when using mRECIST-criteria,[13] we repeated
the main analysis in the subgroup of patients who
received immunotherapy in combination with antiangio-
genic treatment (ie, bevacizumab or TKI; n=125). Again,
OS and RFS were excellent in patients with CR-
mRECIST-only and those who also had CR-RECISTv1.1
(Supplemental Table S1, http://links.lww.com/HEP/J634).
Results were also comparable when analyzing patients
with Child-Pugh class A liver function only (Supplemental
Table S2, http://links.lww.com/HEP/J634) as well as
first-line patients treated with an ICI regimen that
had demonstrated efficacy in phase III trials (ie,
atezolizumab+bevacizumab, durvalumab+tremelimumab,
nivolumab+ipilimumab, and durvalumab monotherapy;

Supplemental Table S3, http://links.lww.com/HEP/J634).
Finally, we confirmed these results in patients who
achieved CR to either systemic first-line or later-line
systemic therapy (Supplemental Table S4, http://links.
lww.com/HEP/J634).

In multivariable analysis, the presence of macro-
vascular invasion (aHR [95% CI], 0.4 [0.2–0.7];
p= 0.003) the and presence of extrahepatic metastasis
(aHR [95% CI], 0.3 [0.2–0.6]; p<0.001) were indepen-
dently associated with improved RFS (Table 3).

Among those who discontinued ICI treatment for
reasons other than recurrence (n= 107, 61%; Supple-
mental Table S5, http://links.lww.com/HEP/J634), recur-
rence rate was 28% (n=30), and patients who received
ICI treatment for ≥ 6 months after complete response
(n= 56) had a longer RFS than those who discontinued
ICI treatment earlier (n=51) (median RFS [95% CI], not
evaluable [not evaluable–not evaluable] vs. 37.0 [not
evaluable–not evaluable]; p= 0.008), with 1-, 2-, and 3-
year RFS rates of 92%, 78%, and 66% vs. 66%, 58%,
and 58% (Figure 1A).

Similarly, in patients who discontinued ICI treatment
because of ongoing complete response (n= 57, 33%),
those who received ICI treatment for ≥ 6 months after
complete response (n= 40) had a longer RFS than
those who discontinued ICI treatment earlier (n= 17)
(median RFS [95% CI], not evaluable [not evaluable–
not evaluable] vs. 37.0 [not evaluable–not evaluable];
p= 0.002), with 1-, 2-, and 3-year RFS rates of 97%,
81%, and 81% vs. 79%, 55%, and 55% (Figure 1B).

Outcome of patients with CR-RECISTv1.1
and CR-mRECIST only

The median duration of ICI treatment was 22.2 (95% CI:
20.2–24.2) months for CR-RECISTv1.1 and 23.0 (95%

TABLE 3 Univariable and multivariable analyses of factors associated with recurrence-free survival

Univariable Multivariable first step Multivariable last step

HR (95% CI) p aHR (95% CI) p aHR (95% CI) p

Etiology

Viral 1 — 1 — 1 —

Alcohol 1.8 (1.0–356) 0.068 1.5 (0.8–3.0) 0.208 1.6 (0.8–3.1) 0.164

MASLD 1.4 (0.7–2.9) 0.313 1.3 (0.6–2.7) 0.515 1.5 (0.7–3.0) 0.311

Other 2.4 (1.2–4.6) 0.012 2.6 (1.3–5.5) 0.008 2.7 (1.3–5.3) 0.005

ECOG PS, 1 vs. 0 1.1 (0.7–1.8) 0.691 1.1 (0.7–2.0) 0.648 — —

Macrovascular invasion, yes vs. no 0.5 (0.3–0.9) 0.027 0.5 (0.3–0.9) 0.033 0.4 (0.2–0.7) 0.003

Extrahepatic metastases, yes vs. no 0.4 (0.2–0.7) 0.003 0.3 (0.2–0.6) <0.001 0.3 (0.2–0.6) <0.001

Alpha-fetoprotein, ≥ 1000 vs. < 1000 ng/ml 0.6 (0.3–1.1) 0.084 0.7 (0.4–1.4) 0.329 — —

Any TRAE, yes vs. no 0.6 (0.4–1.0) 0.062 0.9 (0.5–1.6) 0.711 — —

Immunosuppression for TRAE, yes vs. no 0.6 (0.4–1.0) 0.062 0.6 (0.3-1.4) 0.249 — —

CR-RECISTv1.1, yes vs. no 1.3 (0.8–2.1) 0.373 1.0 (0.6–1.8) 0.869 — —

Abbreviations: aHR, adjusted hazard ratio; CR-RECISTv1.1, complete response according to Response Evaluation Criteria in Solid Tumors version 1.1; ECOG PS,
Eastern Cooperative Oncology Group Performance Status; MASLD, metabolic dysfunction–associated steatotic liver disease; TRAE, treatment.
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CI: 20.7–25.2) months for CR-mRECIST only. Median
time from immunotherapy start until first CR was 8.3
(95% CI: 6.4–10.3) months for CR-RECISTv1.1 (n=97)
and 6.8 (95% CI: 5.3–8.4) months for CR-mRECIST
only (n= 77; Table 2).

Thirty-seven (38%; CR-RECISTv1.1) and 22 (29%;
CR-mRECIST-only) patients experienced tumor recur-
rence after achieving CR. Twelve (12%; CR-RECISTv1.1)
and 11 (14%; CR-mRECIST-only) patients deceased
during follow-up (Table 2).

Median RFS from first CR was 28.4 (95% CI:
18.3–38.4) months, with a 1-, 2-, and 3-year RFS rate
of 70%, 58%, and 42% for CR-RECISTv1.1 and 37.0
(95% CI: not evaluable–not evaluable) months, with a
1-, 2-, and 3-year RFS rate of 78%, 58%, and 55% for

CR-mRECIST-only (Table 2, Figure 2A). Median OS
from immunotherapy start was not evaluable (95% CI:
not evaluable–not evaluable) months, with a 1-, 2-, and
3-year OS rate of 100%, 98%, and 87% for CR-
RECISTv1.1 and not evaluable (95% CI: not evaluable–
not evaluable) months, with a 1-, 2-, and 3-year OS rate
of 96%, 91%, and 86% for CR-mRECIST-only (Table 2,
Figure 2B).

Outcome of patients undergoing curative
conversion therapy

Thirteen (7%) patients underwent curative conversion
therapy after CR (liver transplantation, n=4; resection,

p = 0.0084
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F IGURE 1 Comparison of recurrence-free survival between patients receiving ICI-based systemic treatment for < vs. ≥ 6 months beyond
complete response (according to mRECIST). (A) Patients who discontinued ICI treatment for reasons other than recurrence, and (B) patients who
discontinued treatment due to ongoing complete response. Abbreviations: CR-mRECIST, complete response according to modified Response
Evaluation Criteria in Solid Tumors; Mo, months; Tx, ICI-based systemic treatment.
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n=5; ablation, n=4) (Table 2, Supplemental Table S6,
http://links.lww.com/HEP/J634). These patients received
the following ICI-based therapies: PD-(L)1 monotherapy
(n=1), atezolizumab/bevacizumab (n=9), durvalumab/
tremelimumab (n=1), and nivolumab/ipilimumab (n=2).

Of patients who underwent resection or transplanta-
tion (n=9), 8 had pathological complete response (CR-
RECISTv1.1, n= 2/2; and CR-mRECIST-only, n= 6/7).
Notably, of the subgroup of patients who had CR-
mRECIST-only to immunotherapy combined with anti-
angiogenic therapies (ie, bevacizumab) and underwent
curative conversion treatment with resection or liver
transplantation (n= 4), 3 patients (75%) had a patho-
logical complete response.

Overall, 2 (15%) of all patients who underwent
conversion therapy experienced recurrence, and 1
(8%) was deceased (1- and 3-year RFS: 75% and
75%; 1- and 3-year OS: 92% and 92%).

Treatment of recurrence

In total, 59 patients developed recurrence during follow-up.
The most common radiological findings denoting the
recurrence of disease were new hypervascularized liver
lesions (n=39, 66%), new extrahepatic lesions (n=5, 9%),
new hypervascularization of previously hypovascularized
lesions (n=4, 7%), new hypovascularized liver lesions
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F IGURE 2 Kaplan-Meier survival curves of patients with CR-RECISTv1.1 and CR-mRECIST-only. (A) Recurrence-free survival (RFS) from
the first complete response (according to RECISTv1.1 and mRECIST, respectively), and (B) overall survival from immunotherapy start. Abbre-
viations: CR-mRECIST, complete response according to modified Response Evaluation Criteria in Solid Tumors; CR-RECISTv1.1, complete
response according to Response Evaluation Criteria in Solid Tumors version 1.1.
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(n=3, 5%), and growth of hypovascularized liver lesions
(n=3, 5%). The remaining patients had mixed patterns of
recurrence (Supplemental Table S7, http://links.lww.com/
HEP/J634). The median AFP level at recurrence was 4.9
(range, 1.0–3159.0) ng/mL. The majority had Child-Pugh
class A (n=48, 81%). Fifty-five (93%) patients received at
least 1 treatment for recurrence. The most common first
therapies for recurrence included locoregional treatments
(ie, transarterial chemoembolization, selective internal
radiotherapy, radiotherapy) alone or combined with contin-
uation of systemic therapy (n=18, 33%), ablation (n=14,
26%), other systemic therapies (n=14, 26%), restart of the
same ICI regimen (n=6, 11%), and combination of
locoregional plus other systemic therapies (n=3, 6%).

Eight patients who developed recurrence after ICI was
stopped were rechallenged with the same ICI regimen,
including atezolizumab/bevacizumab (n=5), durvalu-
mab/tremelimumab (n=1), nivolumab/regorafenib
(n=1), and pembrolizumab (n=1). One additional
patient treated with durvalumab beyond CR who
developed recurrence was treated with another tremeli-
mumab dose and continuation of durvalumab. Another
patient who received atezolizumab/bevacizumab beyond
CR and developed recurrence continued treatment with
atezolizumab/bevacizumab. Rechallenge/continuation
with the same regimen was administered as the first
(n=6), second (n=3), or third (n=1) line of treatment
after HCC recurrence. According to RECISTv1.1, objec-
tive response rate (ORR) was 20% and DCR 70%; 1
patient (10%) had progressive disease, and 2 patients
(20%) were not evaluable.

DISCUSSION

In this retrospective, international, multicenter study, we
report the management and outcome of patients with
HCC who achieved complete response to ICI-based
systemic therapies. Several main conclusions can be
drawn from our data that can inform clinical decision-
making and patient counseling.

First, complete response to immunotherapy is a
rare event, but those who achieve it have an excellent
outcome. In our study, complete response occurred in
less than 5% (mRECIST, 4.4%; RECISTv1.1, 2.5%) of
patients with HCC treated with ICI-based systemic
therapies in a noncurative setting. These numbers are
comparable to those reported in phase III trials testing
ICI monotherapy (RECISTv1.1, 1.5%–4%)[4,14] or ICI-
based combinations (mRECIST, ∼10%; RECISTv1.1,
2-5.5%;).[3,4,15] Patients with complete response had 1-
and 3-year OS rates of 98% and 86%, and 1- and 3-
year RFS rates of 76% and 48%, respectively. To put
this into perspective, patients with HCC undergoing
resection with curative intent have comparable 1- and
3-year RFS rates of around 80% and 55%,
respectively.[16,17]

Notably, in our highly selected population with an
exceptional response to immunotherapy, the presence
of macrovascular invasion and extrahepatic metastasis
were independently associated with improved RFS.
This seems somewhat paradoxical at first glance.
However, patients with more advanced tumors are less
likely to achieve a complete remission with immuno-
therapy than those with earlier stage tumors,[3,18] and
thus they probably require an even stronger immune
activation. We therefore hypothesize that those few
patients who achieve complete response despite
having the most advanced tumors display the strongest
and most profound immune response resulting in
excellent long-term survival.

Second, the outcome of patients with complete
responses according to mRECIST-only was excellent.
Radiological complete response, according to
RECISTv1.1, is defined by disappearance of all target
and nontarget lesions,[11] but according to mRECIST, it
only requires the disappearance of any intratumoral
arterial enhancement in target and nontarget lesions.[10]

The latter was developed to account for treatment-
induced tumor necrosis. However, in the context of
targeted therapies, the role of mRECIST has been
questioned as antiangiogenic therapies can reduce
arterial perfusion of HCC lesions, which may be
misinterpreted as tumor necrosis.[13] Our study provides
unique and important histological information, as 7
patients with CR-mRECIST-only underwent conversion
therapy with resection or liver transplantation, and
indeed, 6 of them had pathological complete responses.
Moreover, recurrence rate, RFS, and OS were excellent
in patients with CR-mRECIST-only. Even though the
sample size is very limited, these data suggest that
response to mRECIST in the context of immunotherapy
may reflect necrosis rather than just changes in arterial
perfusion of the tumor. Further studies in larger cohorts
of patients who underwent liver resection or transplan-
tation after CR to systemic therapies are required to
confirm these findings.

Third, if discontinuation of immunotherapy is consid-
ered after achieving complete response, a longer
duration of treatment beyond complete response may
be associated with better outcomes. A retrospective
analysis including different cancer types found that
discontinuation within the first 12 months of anti-PD-(L)1
treatment was associated with a higher risk of
recurrence.[19] European Society for Medical Oncology
guidelines for metastatic melanoma recommend that
patients with a confirmed complete response who have
received immunotherapy for at least 6 months, can be
considered for discontinuation of immunotherapy.[20]

This recommendation was based on excellent dis-
ease-free survival rates of patients who stopped
immunotherapy after a complete response.[21–23] How-
ever, recurrence of disease was more frequently
observed in patients who received immunotherapy for
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less than 6 months.[23] Others proposed to consider ICI
discontinuation in melanoma patients after a confirmed
complete response for at least 6 months.[24] In our
study, in patients who discontinued ICIs for reasons
other than recurrence, those who received ICIs for at
least 6 months beyond complete response had
improved RFS. Similar results were observed in the
subgroup that discontinued ICIs due to ongoing
complete response. Based on these findings, it seems
advisable to continue ICI treatment for at least 6 months
after complete response in patients with HCC.

In this context, tools such as circulating tumor DNA
(ctDNA) may aid in the decision to stop immunotherapy
or not, as ctDNA-negativity may identify complete
responders, while those with detectable ctDNA are
likely to have residual disease.[25,26] However, ctDNA
has not yet been used in routine clinical practice for
HCC and requires further evaluation in clinical trials.

While in other tumor entities such as colorectal
cancer with liver metastasis, resection of metastasis
after neoadjuvant chemotherapy can be considered
standard of care,[27] no recommendation on the use of
locoregional therapies following responses to systemic
therapy in HCC exists. Indeed, patients in our cohort
had excellent long-term outcomes even though curative
conversion was only performed in a very small
subgroup of patients. However, the ultimate treatment
aim is to achieve a disease-free but also treatment-free
status, which might be achieved more rapidly and
potentially in a larger proportion of patients with curative
conversion treatment. Indeed, a very recent multicenter
proof-of-concept study evaluated the use of curative
conversion therapy following treatment with atezolizu-
mab/bevacizumab in patients with intermediate-stage
HCC. In this study, 23% of patients achieved drug-free
status, and no recurrences were observed in this
subgroup.[28] However, these patients did not have
macrovascular invasion or extrahepatic metastases and
the value of curative conversion treatment in patients
with advanced HCC requires further evaluation.

Finally, we want to acknowledge some limitations.
These include the retrospective nature of the study with
all its potential confounders, the large time span of
inclusion, the heterogeneous treatment regimens, and
different lines of treatment. Moreover, the radiological
evaluation of the complete response was based on
investigators’ assessment, but not on a central imaging
review. While this must be acknowledged as a potential
limitation, investigator-assessed tumor response was
also used for key study end points in previous HCC
trials.[4,5,29–31] Indeed, in phase III trials, complete
response rates were often lower when assessed by
investigators than when reviewed by an independent
central facility.[3,15,30] Therefore, complete response
rates in our study (mRECIST, 4.4%; RECISTv1.1,
2.5%) may reflect more conservative numbers, and
we might have underestimated the proportion of

patients with CR. However, all involved centers are
tertiary referral centers and manage patients within a
multidisciplinary tumor board. As everyday clinical
decision-making is based on local tumor board evalua-
tion, this approach better reflects the situation in a real-
world setting, where interdisciplinary evaluation is used
rather than a blinded review. Nevertheless, we cannot
exclude that the concordance between central and local
review might be worse in patients managed outside of
clinical trials as previously suggested.[32] Furthermore,
the retrospective design of the study prevented sched-
uled radiological assessment which might introduce
some bias into RFS estimates. Finally, the limited
follow-up time after CR of ~2 years might limit the
robustness of 3-year RFS estimates.

In conclusion, only a small proportion of patients with
advanced HCC achieve CR to noncurative immuno-
therapy-based systemic treatment, but these patients
seem to have an excellent survival. OS and RFS rates
were not only outstanding in those with CR-RECISTv1.1.,
but also in those with CR-mRECIST-only, and 6 of 7
patients with CR-mRECIST-only who underwent surgical
conversion therapy had pathological complete response.
Despite the outlined limitations, both of these findings
underline the potential importance of mRECIST in the
context of immunotherapy for clinical decision-making.
When considering ICI discontinuation, treatment for at
least 6 months beyond CR seems to be advisable as it
was associated with improved RFS rates in our study.
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