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ABSTRACT

PURPOSE

PATIENTS AND

METHODS

RESULTS

CONCLUSION

Durable partial response (PR) and durable stable disease (SD) are often seen in
patients with hepatocellular carcinoma (HCC) receiving atezolizumab plus
bevacizumab (atezo-bev). This study investigates the outcome of these patients
and the histopathology of the residual tumors.

The IMbrave150 study’s atezo-bev group was analyzed. PR or SD per RECIST v1.1
lasting more than 6 months was defined as durable. For histologic analysis, a
comparable real-world group of patients from Japan and Taiwan who had
undergone resection of residual tumors after atezo-bev was investigated.

In the IMbrave150 study, 56 (77.8%) of the 72 PRs and 41 (28.5%) of the 144 SDs
were considered durable. The median overall survival was not estimable for
patients with durable PR and 23.7 months for those with durable SD. The median
progression-free survival was 23.2 months for patients with durable PR and
13.2 months for those with durable SD. In the real-world setting, a total of 38
tumors were resected from 32 patients (23 PRs and nine SDs) receiving atezo-
bev. Pathologic complete responses (PCRs) were more frequent in PR tumors
than SD tumors (57.7% v 16.7%, P = .034). PCR rate correlated with time from
atezo-bev initiation to resection and was 55.6% (5 of 9) for PR tumors resected
beyond 8 months after starting atezo-bev, a time practically corresponding to
the durable PR definition used for IMbrave150. We found no reliable radiologic
features to predict PCR of the residual tumors.

Durable PR patients from the atezo-bev group showed a favorable outcome,
which may be partly explained by the high rate of PCR lesions. Early recognition
of PCR lesions may help subsequent treatment decision.
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INTRODUCTION

The combination of atezolizumab (atezo; anti—PD-L1 an-
tibody) and bevacizumab (bev; antivascular endothelial
growth factor antibody) has become the first-line standard
treatment for advanced hepatocellular carcinoma (HCC)
since 2020."2 In addition to a complete response (CR) rate of
8% for atezo-bev, the regimen often results in a high disease
control rate and a sustainable response duration. Hence, in
the real-world setting, more and more patients are in a state
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of long-lasting partial response (PR) or stable disease (SD).
However, the outcome, clinical course, and histologic fea-
tures of the radiologically persistent tumors of these patients
are not fully understood.

To answer these questions, we have performed a compre-
hensive post hoc analysis of the IMbrave150 study. Since the
IMbrave150 study did not collect information of subse-
quently resected tumors, we performed a real-world analysis
of comparable patients who had undergone tumor resection
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Durable PR and Durable SD After Atezolizumab-Bevacizumab in HCC

CONTEXT

Key Objective

The reasons why patients with hepatocellular carcinoma (HCC) often experience a durable response to immunotherapy

remain unclear.

Knowledge Generated

Our study reveals that a significant proportion of HCC tumors become ghost tumors (tumors that are radiologically
persistent without viable tumor cells on routine pathologic examinations) after immunotherapy.

Relevance (E.M. O'Reilly)

Atezolizumab and bevacizumab is relatively recent new standard therapy for advanced HCC. These data provide insights on
histologic and radiologic characteristics for patients who achieve excellent cancer control, and support the observation
known from other diseases that a favorable anti-tumor response may be underpinned by a pathologic complete response.*

*Relevance section written by JCO Associate Editor Eileen M. O’Reilly, MD.

after atezo-bev treatment in multiple centers of Japan and
Taiwan, where salvage or curative resection is often per-
formed for those stable residual tumors.>*

PATIENTS AND METHODS
Patients

Data from patients receiving atezo-bev in the intent-to-treat
population of the IMbravel50 study (ClinicalTrials.gov,
NCT03434379)"* were analyzed. Treatment responses were
assessed according to RECIST v1.1 every 6 weeks for the first
5/ weeks and every 9 weeks thereafter, by the independent
review facility (IRF). PR or SD lasting over 6 months was
classified as durable PR or durable SD, respectively. By con-
trast, PR or SD persisting for 6 months or less was considered
nondurable. CR, typically the best response category, only
serves as the reference group in survival analysis.

Because of the lack of on-treatment tumor tissue from the
IMbrave150 study, consecutive adult patients who had
undergone tumor resection at a state of PR or SD after atezo-
bev treatment from January 2021 to March 2023 were ret-
rospectively enrolled from eight hospitals of Japan and eight
hospitals of Taiwan (Taiwan Liver Cancer Association Re-
search Group) for histologic analysis. Tumor assessments
were conducted in accordance with local practice, at baseline
and every 9-12 weeks. Since the radiologic follow-up
program was different from the stringent protocol of
IMbrave150, we estimated that remaining PR or SD at least
8 months from starting atezo-bev to resection largely
corresponded to durable PR or durable SD, as defined for
IMbrave150 in this study. The decision to do surgical in-
tervention in this real-world patient cohort was made by
individual treating physicians for a curative intent after a
planned neoadjuvant approach, successful downstaging,
and stationary tumor sizes in consecutive radiologic
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assessments. Clinical information, including patient char-
acteristics, etiology and extent of HCC, previous treatment,
liver function, performance status, starting and end dates of
atezo-bev, date and method of tumor resection, and his-
tologic findings, was collected from electronic medical
records. Response per RECIST v1.1 at the time of tumor re-
section was assessed by individual treating physicians. Re-
sponse per modified RECIST (mRECIST) was not shown
because of being nonevaluable in many patients. Institute
Review Board approvals were obtained from each partici-
pating hospital, and informed consent documentation was
waived.

Survival Outcomes (IMbrave150 cohort)

Overall survival (0OS) was defined as the time from random
assignment to death from any cause. Progression-free
survival (PFS) was defined as time from random assign-
ment to disease progression per IRF-assessed RECIST v1.1 or
death from any cause, whichever occurred first.

Isolated Progression (IMbrave150 study)

At the time of progressive disease (PD) per IRF-assessed
RECIST v1.1, every lesion was individually assessed. Isolated
progression was defined as only one lesion (target, non-
target, or new) progressed, whereas all other lesions
remained regressed or stationary.

Pathologic Complete Response (real-world cohort)

Pathologic complete response (PCR), indicating the absence
of viable tumor cells, was assessed for individual resected
tumors, according to the standard procedures of the re-
spective participating hospitals. Typically, each tumor
sample was thoroughly inspected for its gross appearance
and then meticulously examined with sections cut at a
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thickness of 0.5 cm. A number of tissue blocks corresponding
to the length of the tumor’s longest diameter in centimeters
were taken. Any gross suspicious areas were further ex-
amined. This sampling method was subject to adjustments
on the basis of the characteristics of individual tumors,
staging requirements, and clarification of tumor margin to
comply with the standards set forth by the College of
American Pathology.’

Statistical Analysis

For the post hoc analysis of the IMbrave150 study, clinical
characteristics at baseline were compared using the Wil-
coxon rank-sum test (for age only) and Fisher’s exact test
(for all other variables). Durability of PR and SD, the sub-
sequent progression rate, and the proportion of isolated
progressions among all progressions between durable PR
and durable SD were compared using Fisher’s exact test.
Median OS and PFS were estimated using the Kaplan-Meier
method. Mean OS and PFS were estimated using restricted
mean survival time analysis.®? However, this study had no
intent to compare survival between groups because of the
lack of power. In the real-world study, the PCR rates between
groups were compared using Fisher’s exact test.

RESULTS

Clinical Outcomes and Dispositions of Durable PR or SD
Patients (IMbrave150 study)

As of the most recent clinical update (August 31, 2020), 28
(8.9%), 72 (22.1%), and 144 (44.2%) patients in the atezo-
bev group achieved CR, PR, and SD, respectively. Fifty-six
(77.8%) of the 72 PRs and 41 (28.5%) of the 144 SDs were
durable as defined in the methods. PR was more likely to be
durable than SD (77.8% v 28.5%, P < .001). A total of 97
patients (56 durable PRs and 41 durable SDs) were analyzed
in this study. The baseline characteristics of patients with
durable PR or durable SD were generally similar to those with
nondurable PR or SD, except that patients with nondurable
SD were younger than those with durable SD (median age:
63 v 68 years; P = .003; Appendix Table A1, online only).

Post hoc analyses were not intended for any statistical
comparison. However, to better depict the survival outcomes
of patients with durable PR or durable SD, data of CR and
nondurable PR or SD are also shown for reference. Figure 1A
illustrates that the median OS was not estimable (NE; 95%
CI, NE to NE) for patients with CR, NE (95% CI, 26.2 to NE)
for patients with durable PR, and 23.7 months (95% CI, 17.2
to 24.6) for those with durable SD. The mean OS (adjusted by
SEM) was 25.4 + 0.9 months for patients with CR, 26.0 =
0.4 months for those with durable PR, and 20.6 = 0.9 months
for those with durable SD. The estimated OS rates at 12, 18,
and 2/ months were 96.4%, 85.7%, and 85.7% for CR; 100%,
98.2%, and 79.9% for durable PR; and 87.6%, 62.5%, and
£43.0% for durable SD, respectively. By contrast, patients with
nondurable PR and those with nondurable SD showed
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markedly worse OS (median OS: 13.9 [95% CI, 9.4, to 20.6]
months for patients with nondurable PR; 15.6 [95% CI, 13.7
to 17.6] months for patients with nondurable SD).

Figure 1B shows that the median PFS was NE (95% CI, 22.8 to
NE) for patients with CR, 23.2 months (95% CI, 19.4 to NE)
for those with durable PR, and 13.2 months (95% CI, 11.3 to
16.1) for those with durable SD. The mean PFS (adjusted by
SEM) was 21.3 * 1.0 months for patients with CR, 20.7 *
0.7 months for those with durable PR, and 14.2 + 0.7 months
for those with durable SD. The estimated PFS rates at 12, 18,
and 24 months were 89.3%, 72.3%, and 63.2% for CR;
90.8%, 79.0%, and 38.7% for durable PR; and 62.6%, 19.9%,
and 4.3% for durable SD, respectively. It is noteworthy that
the PFS curves of CR and durable PR were similar until
19 months after treatment initiation.

Progression patterns and subsequent therapies in patients
with durable PR or SD are detailed in Table 1. Patients with
durable PR had a lower tendency to develop PD compared with
those with durable SD (35.7% v 56.1%; P = .063). The rates of
isolated progression were similar between the two groups
(35.0% for durable PR v 30.4% for durable SD; P > .999).
Notably, 75% of PD patients with initially durable PR and
86.9% of those with initially durable SD continued atezoli-
zumab with or without bevacizumab after first progression.

Pathologic Responses of Residual Tumors in PR or SD
Patients (real-world cohort)

A total of 32 patients with HCC who underwent tumor re-
section after first-line atezo-bev treatment were analyzed
(Table 2). Among these patients, 18 (56.2%) presented with
Barcelona Clinical Liver Cancer stage C disease, five (15.6%)
had extrahepatic spread, 14 (43.7%) exhibited macrovascular
invasion, and five (15.6%) showed extensive intrahepatic
involvement (250% of liver) before starting atezo-bev. Of
the five patients initially presenting with extrahepatic
spread, three underwent only hepatectomy because of
complete resolution of their lung metastases. Another pa-
tient underwent only pulmonary metastasectomy because of
the absence of recurrent hepatic tumors while initiating
atezo-bev. The last patient underwent both hepatectomy
and right adrenal metastasectomy with both lesions be-
coming resectable after atezo-bev treatment. As of now,
none of them have experienced recurrence after surgery. In
the whole group, the majority (71.9%, n = 23) achieved PR,
whereas nine (28.1%) achieved SD before undergoing tumor
resection. The median time from atezo-bev initiation to
tumor resection was 6.6 months (range: 1.2-22.6 months)
with a trend toward a shorter duration in patients with SD
compared with those with PR (median: 4.0 months v 7.4
months; P = .1387).

Most patients underwent curative resection of single tumor,
but five patients received resection of multiple tumors (two
tumors in four patients and three tumors in one patient). A
total of 38 tumors were resected (35 in the liver, two in the
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FIG 1. Survival outcomes of patients exhibiting durable PR and durable SD in the atezo-bev group of the IMbrave150 study. (A)
0S. The Kaplan-Meier OS curves of patients with CR, durable PR, nondurable PR, durable SD, and nondurable SD are shown. (B)
PFS. The Kaplan-Meier PFS curves of patients with CR, durable PR, and durable SD are shown. atezo-bev, atezolizumab plus
bevacizumab; CR, complete response; NE, nonestimable; 0S, overall survival; PFS, progression-free survival; PR, partial response;

SD, stable disease.

lung, and one in the adrenal gland), including 26 from pa-
tients with PR (PR tumors) and 12 from those with SD (SD
tumors). PCR was observed as soon as 2.2 months after ini-
tiation of atezo-bev. The PCR rates were 25% (2 of 8), 47.4%
(9 of 19), 50% (3 of 6), and 60% (3 of 5) for tumors resected
within 4, 4-8, 8-12, and beyond 12 months after initiation of
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atezo-bev treatment, respectively (Fig 2A). Notably, PCRs
were observed in five (55.6%) of nine PR tumors and one
(50%) of two SD tumors, which persisted for more than
8 months after initiating atezo-bev without progression. PCRs
occurred in 15 (57.7%) of 26 PR tumors compared with only
two (16.7%) of 12 SD tumors (P = .034; Fig 2B).
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TABLE 1. Progression Patterns and Subsequent Therapies

Progression Pattern and Subsequent Treatment

Durable PR (n = 56) Durable SD (n = 41)

Median duration of follow-up, months (95% of Cl)

22.3 (21.7 to 23.5) 21.6 (21.1 to 23.9)

All progressions, No. (%?) 20 (100) 23 (100)
Isolated progression, No. (%?) 7 (35.0) 7 (30.4)
No treatment on or after first PD 1 (5.0) 2 (8.7)

Continue atezo (with or without bev) on or after first PD 5 (25.0) 5 (21.7)
Other anticancer treatment on or after first PD 1(5.0) 0
Nonisolated progression, No. (%?) 13 (65.0) 16 (69.6)
No treatment on or after first PD 1(5.0) 1(4.3)
Continue atezo (with or without bev) on or after first PD 10 (50.0) 5 (65.2)
Other anticancer treatment on or after first PD 2 (10.0) 0

Abbreviations: atezo, atezolizumab; bev, bevacizumab; PD, progressive disease; PR, partial response; SD, stable disease.
aThe total number of patients who experienced subsequent progression, referred to as all progressions, was used as the denominator.

Correlation of Radiologic and Pathologic Responses
(real-world cases)

Figure 3 presents a remarkable discrepancy between ra-
diologic and pathologic findings of two patients with durable
PR and one patient with durable SD on atezo-bev, all
achieving PCR of residual tumors. The first case (Fig 3A)
involves a 63-year-old man with chronic hepatitis B, initially
presenting with a large hypervascular hepatic tumor, right
portal vein thrombus, and an elevated alpha-fetoprotein
(AFP) level of 3,418 ng/mL. He met RECIST vi.1—defined
PR at 5 months after atezo-bev initiation. However, intra-
tumor heterogeneous hyperenhancement (indicated by white
arrows in Fig 3A) with a hypoenhanced background was noted,
leading to difficulties in assessing tumor response per
mRECIST. Pathologic examination revealed extensive ne-
crosis and hyaline fibrosis without viable tumor cells. Instead,
scattered aggregates of plasma cells, histiocytes, and mac-
rophages were seen in the tumor bed (indicated by a red arrow
in Fig 3A). The second case (Fig 3B) vignettes a 67-year-old
man with a history of resolved chronic hepatitis C and a
previous resected stage I HCC, presenting with recurrent
infiltrative HCC, main portal vein thrombosis, and a low AFP
level. He met RECIST vi.1—defined PR at 5 months after atezo-
bev initiation. The tumor size remained stationary despite
1 year of atezo-bev treatment. The tumor assessment per
mRECIST was challenging because of infiltrative nature and
equivocal global enhancement of the post-treatment tumor.
The pathologic examination showed scar tissue with central
coagulative necrosis and the absence of viable tumor cells in
the residual tumor bed and vascular thrombus. The third case
(Fig 3C) illustrates a 79-year-old man with a history of
chronic hepatitis B, presenting a large HCC with portal vein
invasion and a high AFP level at baseline. Curative surgery was
not feasible because of impaired hepatic reserve (Child-Pugh
B9). The best tumor response was SD per RECIST v1.1with AFP
normalization. Because of improved liver function, he then
received curative surgery later, and the pathologic exami-
nation showed extensive necrosis without viable tumor cells.
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Among five patients who had multiple tumors resected, two
(40%) patients showed discrepant pathologic responses
among resected tumors. One representative case, a 44-year-
old man with a history of chronic hepatitis B and previously
resected HCC, presented with multiple lung metastases
(Fig 4). He achieved PR per RECIST v1.1 after 6 months of
atezo-bev treatment. Subsequent metastasectomy revealed
two residual lung tumors with 75% and 0% of viable tumor
cells, respectively, despite AFP normalization, underscoring
the limitation of tumor marker normalization in
predicting PCR.

DISCUSSION

Durable PR and durable SD represent an intriguing phe-
nomenon of cancer immunotherapy. While their significance
has been briefly described in other cancer types,®* their
exact outcomes, clinical courses, and histologic correlation
in patients with HCC remain unclear. This study explores
these questions by post hoc analyses of patients from the
atezo-bev group of the IMbrave150 study and an interna-
tional multicenter real-world study to investigate the his-
tologic findings of the resected tumors exhibiting PR or SD
for various time periods after atezo-bev treatment. Our
findings indicate a favorable outcome of patients with du-
rable PR in the IMbrave150 study, and in the real-world
setting, around half of the durable PR tumors appeared to
be ghost tumors (radiologically persistent tumors without
viable cancer cells). Although rarer, patients with durable SD
may still be associated with ghost tumors. Correlations
between radiologic and histologic findings were conducted
in some vignetted cases—no reliable clues to predict a ghost
tumor by current imaging studies were found.

Immune checkpoint inhibitor (ICI) immunotherapy, as
opposed to targeted therapy or chemotherapy, is distin-
guished by remarkable durability of response,* which leads
to a substantial survival benefit. However, the exact reasons
behind this phenomenon remain unknown. In the context of
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TABLE 2. Baseline Characteristics of Real-World Patients Undergoing
Tumor Resection After Atezolizumab-Bevacizumab Treatment

Variable No. (%)
Total 32 (100)
Age, years

Median (range) 67.7 (41.5-82.2)

Sex

Male 27 (84.4)

Female 5 (15.6)
Country

Japan 22 (68.8)

Taiwan 10 (31.2)
Etiology

HBsAg+, anti-HCV— 10 (31.3)

HBsAg-, anti-HCV+ 8 (25.0)

HBsAg—, anti-HCV— 14 (43.7)
ECOG performance status

0 20 (62.5)

1 12 (37.5)
Child-Pugh classification

A 31 (96.9)

B 1(3.1)
BCLC stage

B 14 (43.8)

C 18 (66.2)
AFP

<400 ng/mL 15 (46.9)

2400 ng/mL 17 (53.1)
EHS

No 27 (84.4)

Yes 5(15.6)
MVI

No 18 (56.3)

Yes 14 (43.7)
Liver occupancy =50%

No 27 (84.4)

Yes 5(15.6)
Previous liver-directed locoregional therapy

No 23 (71.9)

Yes 9 (28.1)

Abbreviations: AFP, alpha-fetoprotein; atezo-bev, atezolizumab-
bevacizumab; BCLC, Barcelona Clinical Liver Cancer; ECOG, Eastern
Cooperative Oncology Group; EHS, extrahepatic spread; HBsAg,
hepatitis B virus surface antigen; HCV, hepatitis C virus; MVI,
macrovascular invasion; PS, performance status.

immunotherapy, the histologic intricacies underlying du-
rable response are poorly explored because of a scarcity of
comprehensive histopathologic studies of resected residual
tumors.”>"” Our real-world analysis suggests that the
prevalence of ghost tumors may help explain the longer OS in
patients with durable PR and in certain patients with durable
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FIG 2. PCR rates. (A) PCR rates per tumor
according to time from atezo-bev initiation to
surgery. (B) PCR rates per tumor according to the
tumor response at the time of surgery. *P < .05.
atezo-bev, atezolizumab plus bevacizumab; PCR,
pathologic complete response; PR, partial re-
sponse per RECIST v1.1; SD, stable disease per
RECIST v1.1.

SD in the atezo-bev group of the IMbrave150 study. We often
found variable infiltration of histiocytes and macrophages
but negligible infiltration of cytotoxic lymphocytes and a
notable presence of fibrous tissue and hyalinization necrosis
in the ghost tumors. Whether the remaining innate immune
cells are still suppressing the tumor growth should be
elucidated.®® On the other hand, as viable tumor cells were
still present in approximately half of postimmunotherapy
durable PR tumors, it remains unclear why these viable
tumor cells are constrained from a rapid reoutgrowth, unlike
the scenario after chemotherapy and targeted therapy. A
direct comparison of post-treatment histologic changes was
made in melanoma.? It showed a dramatic difference be-
tween the immune checkpoint inhibitor and the tyrosine
kinase inhibitor.?° It raises the possibility that after an initial
tumoricidal phase, a prolonged immune-mediated tumor
dormancy?-?2 or immune equilibrium?3 may exist specifically
in the postimmunotherapy lesions.
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FIG 3. Pathologic complete responses achieved in patients with durable PR or durable SD
after atezo-bev treatment. (A) A patient achieved durable PR before resection. Tumors are
outlined by yellow arrows. Intratumor heterogenous hyperenhancement is indicated by
white arrows. AFP normalization was observed approximately 1 month before PR was
documented. Microscopically, the tumor shows extensive (continued on following page)
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FIG 3. (Continued). necrosis (denoted as N), surrounded by hyaline fibrosis (denoted as F).
The red arrow denotes infiltration of plasma cells, lymphocytes, and histiocytes in a high-
power field. The black arrow denotes scattered hemosiderin-laden macrophages, foamy
cells, and cholesterol clefts. (B) A patient achieved durable PR before tumor resection. The
tumor and main portal vein thrombus are outlined or indicated by yellow arrows. The gross
image of the resected tumor shows a scar with central coagulative necrosis, surrounded by
fibrotic tissue. Microscopically, the tumor shows coagulative necrosis (denoted as N),
surrounded by histiocytes/macrophages (shown in green box), and a thick fibrous capsule
(denoted as F). No viable tumor cells were found after comprehensive microscopic ex-
amination of the entire tumor. (C) A patient achieved durable SD before tumor resection. MRI
images showed a large hepatic tumor, outlined by yellow arrows. Microscopically, the tumor
exhibited coagulative necrosis with hemosiderin deposits and no viable tumor cells, sur-
rounded by an inflamed fibrous capsule. AFP, alpha-fetoprotein; atezo-bev, atezolizumab
plus bevacizumab; cm, centimeter; MRI, magnetic resonance images; PR, partial response;
SD, stable disease; SOD, sum of longest diameters of target lesions.

Identifying postimmunotherapy ghost tumors by noninva-
sive methods would greatly help the clinical decision for
subsequent treatments, such as performing curative surgery
or not performing curative surgery, in patients achieving
durable PR or durable SD. Unfortunately, our results suggest
a significant discrepancy between radiologic and pathologic
responses to immunotherapy, a finding aligning with other
reports,>*'>'7 and indicate insufficiency of current imaging

methods to detect PCR cases. CR per mRECIST criteria,
defined as complete disappearance of arterial enhancement
of intrahepatic tumors without any extrahepatic tumors, has
long been equated with necrosis and is used for defining
clinical CR.#?* However, less than half of tumors exhibiting
mRECIST-defined CR under immunotherapy actually
achieved PCR.*'7 Novel imaging technologies, such as
8F-fluorodeoxyglucose positron emission tomography

Baseline 6m

ol P
Tumor 1 (0.3

%)
cm)

Viable tumor cells: 75%

e

Tumor 2 (1 cm)
Viable tumor cells: 0%

300
281.7

250

200
100

AFP (ng/mL)

50 —

o

0 2 4 6 8 10

Time Since Atezo-Bev Initiation (months)

FIG 4. Discrepant pathologic responses within a single patient. A patient with multiple pulmonary nodules and a high AFP level
before atezo-bev and who achieved PR before metastasectomy. Two pulmonary tumors were resected, and only one tumor
achieved PCR despite AFP normalization. AFP, alpha-fetoprotein; atezo-bev, atezolizumab plus bevacizumab; PCR, pathologic
complete response; PR, partial response.
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(PET) scan*?> and artificial intelligence—assisted radiomics
analyses on the basis of images of computed tomography,
magnetic resonance imaging, or PET scans,* -3* hold promise
in predicting ghost tumors. In addition to imaging bio-
markers, peripheral blood-based biomarkers may help
predict PCR. Tumor marker normalization has been recently
proposed as one of the criteria for clinical CR.4** However,
not all patients with HCC present with elevated tumor
markers, and tumor marker normalization is not a definitive
indication of PCR, as illustrated in the representative cases
(Figs 3B and 4). Circulating tumor DNA (ctDNA) has emerged
as a promising biomarker for real-time monitoring of ther-
apeutic responses, especially in cancer types carrying domi-
nant driver mutations.3>33 Molecular CR, defined as a complete
clearance of ctDNA, often correlates with survival benefits in
patients with cancer receiving ICI-based immunotherapy?+3>
but does not consistently align with PCR.3¢-3

This study has several limitations. Regarding post hoc anal-
yses of data from the IMbrave150 study, our definition of
durable PR or durable SD is not universally standardized.
While we defined it as PR or SD lasting for at least 6 months
using data from the IMbrave150 study, Pons-Tostivint et al*°
defined durable response as PFS exceeding three times the
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median PFS of the whole population of patients treated with
the same treatment in the same trial. The estimated OS or PFS
of subgroups defined according to the durability of PR or SD is
also subjected to immortal time bias.** The IMbrave150’s
median observation period is roughly 2 years, limiting our
insights into long-term survival benefits of patients with
durable PR or durable SD. Regarding our real-world study, the
retrospective nature, limited sample size, subjective patient
selection criteria for surgery, lack of uniform tissue pro-
cessing procedures, and lack of central pathologic review are
prone to some inherent biases. Furthermore, resection of
potentially more curable lesions in patients who experienced
durable PR may overestimate the PCR rate.

In conclusion, this study indicates that patients with
durable PR on atezo-bev in the IMbravei50 study
exhibited favorable PFS and OS. The favorable survival
outcomes of durable PR may be linked to a PCR state,
which likely existed in many of these patients. Our find-
ings emphasize that the actual immunotherapy responses
are often underestimated or misestimated by current
imaging modalities, urging further investigations to
bridge the gap between radiologic and pathologic post-
immunotherapy responses.
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APPENDIX

Shen et al

TABLE A1. Baseline Characteristics of Patients With Durable PR, Nondurable PR, Durable SD, and Nondurable SD in the
Atezolizumab-Bevacizumab Group of the IMbrave150 Study

Durable PR Nondurable PR Durable SD Nondurable SD

Variable (n = 56) (n =16) P (n = 47) (n =103) P

Age, years ns .0026
Median (range) 64.0 (34-87) 66.5 (49-85) 68.0 (43-85) 63 (27-88)

Sex, No. (%) ns ns
Male 47 (83.9) 13 (81.3) 35 (85.4) 81 (78.6)
Female 9 (16.1) 3(18.8) 6 (14.6) 22 (21.4)

Ethnicity, No. (%) ns ns
Hispanic or Latino 2 (3.6) 0 1(2.4) 2 (1.9)
Not Hispanic or Latino 52 (92.9) 16 (100) 37 (90.2) 90 (87.4)
Not stated or unknown 2 (3.6) 0 3 (7.3) 11 (10.7)

Geographical region, No. (%) ns ns
Asia (excluding Japan) 25 (44.6) 8 (50) 14 (34.1) 31 (30.1)
Rest of world 31 (554 8 (50) 27 (65.9) 72 (69.9)

ECOG PS, No. (%) ns ns
0 37 (66.1 12 (75) 29 (70.1) 63 (61.2)
1 19 (33.9) 4 (25) 12 (29.3) 40 (38.8)

Child-Pugh score, No. (%) ns ns
5 42 (76.4 12 (75) 34 (82.9) 73 (70.9)
6 13 (236 4 (25) 7(17.0) 30 (29.1)

BCLC stage, No. (%) ns ns
A 1(1.8) 0 1(2.4) 3(2.9)
B 14 (25.0) 2 (12.5) 6 (14.6) 15 (14.6)
© 41 (73.2) 14 (87.5) 34 (82.9) 85 (82.5)

AFP, No. (%) ns ns
<400 ng/mL 38 (67.9) 10 (62.5) 28 (68.3) 66 (64.1)
2400 ng/mL 18 (32.1) 6 (37.5) 13 (31.7) 37 (35.9)

EHS, No. (%) ns ns
No 24 (42.9) 3 (18.8) 19 (46.3) 42 (40.8)
Yes 32 (57 13 (81.3) 22 (53.7) 61 (59.2)

MVI, No. (%) ns ns
No 35 (62.5) 10 (62.5) 28 (68.3) 64 (62.1)
Yes 21 (37.5 6 (37.5) 13 (31.7) 39 (37.9)

EHS and/or MV, No. (%) ns ns
No 16 (28.6) 1(6.3) 12 (29.3) 26 (25.2)
Yes 40 (71.4 15 (93.8) 29 (70.7) 77 (74.8)

High-risk features,® No. (%) ns ns
No 48 (85.7) 13 (81.3) 38 (92.7) 84 (81.6)
Yes 8 (143 3 (18.8) 3(73) 19 (18.4)

Bile duct invasion, No. (%) ns ns
No 55 (98.2) 16 (100) 41 (100) 102 (99.0)
Yes 1(1.8) 0 0 1(1.0)

Main( p;)rtal vein (VP4) thrombus, No. ns ns

%

No 49 (87.5) 14 (87.5) 39 (95.1) 89 (86.4)
Yes 7 (125 2 (12.5) 2 (4.9) 14 (13.6)

(continued on following page)
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TABLE A1. Baseline Characteristics of Patients With Durable PR, Nondurable PR, Durable SD, and Nondurable SD in the Atezolizumab-
Bevacizumab Group of the IMbrave150 Study (continued)

Durable PR Nondurable PR Durable SD Nondurable SD
Variable (n = 56) (n =16) P (n = 47) (n =103) P
Liver occupancy >50%, No. (%) ns ns
No 55 (98.2) 18 (93.8) 40 (97.6) 97 (94.2)
Yes 1(1.8) 1(6.3) 1(4.9) 6 (5.8)
Etiology of HCC, No. (%) ns ns
HBV 30 (53.6) 5 (31.3) 14 (34.1) 44 (42.7)
HCV 10 (17.9) 5(31.3) 11 (26.8) 24 (23.3)
Nonviral 16 (28.6) 6 (37.5) 16 (39.0) 35 (34.0)
PD-L1 status,® No. (%) n=22 n=7 n=16 n =39
TC and IC <1% 8 (36.4) 2 (28.6) ns 7 (43.8) 16 (41.0) ns
TC or IC 21% 4 (63.6) 5 (71.4) 9 (56.2) 23 (59.0)
TC and IC <5% 5 (68.2) 2 (28.6) ns 10 (62.5) 27 (69.2) ns
TC or IC 5% 7 (31.8) 5(71.4) 6 (37.5) 12 (30.8)
TC and IC <10% 18 (81.8) 5 (71.4) ns 14 (87.5) 38 (97.4) ns
TC or IC 210% 4(18.2) 2 (28.6) 2 (12.5) 1(2.6)

Abbreviations: AFP, alpha-fetoprotein; BCLC, Barcelona Clinical Liver Cancer; ECOG, Eastern Cooperative Oncology Group; EHS, extrahepatic
spread; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; IC, immune cell; MVI, macrovascular invasion; ns, not

statistically significant; PR, partial response; PS, performance status; SD, stable disease; TC, tumor cell.
2Any of the following features: bile duct invasion, VP4 thrombus, or liver occupancy =50%.
bAssessed using an immunohistochemical method; the details have been reported before (Zhu et al*?).
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