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ABSTRACT

Aims: Latin America has been underrepresented in trials evaluating immunotherapy
for hepatocellular carcinoma (HCC). We aimed to describe the incidence of immune-
related adverse events (irAEs) and their impact on outcomes in a Latin American
cohort.

Methods: A multicenter prospective study was conducted in Argentina, Brazil,
Chile, and Colombia, including patients who received atezolizumab plus bevacizumab.
A time-covariate proportional hazard analysis evaluated the effect of irAEs.

Results: 99 patients were included. The median treatment duration was
6 months, with a median survival of 17.0 months (95% CI: 12.6-19.8). The irAE
incidence rate was 2.1 cases per 100 persons-months (cumulative incidence 18.1%
(95% CI: 11.1-27.2%)). Median time to irAE was 2.3 months (range 1.4-4.8),
most frequently hepatitis (n = 6), thyroiditis (n = 5), and 8/18 required steroids.
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Follow-up, treatment duration, and overall survival were similar regardless of the
occurrence of irAEs (HR = 1.71, 95% CI: 0.76-3.86; P = 0.19). Baseline alpha-feto
protein =400 ng/ml (HR: 2.9 (95% CI: 1.1-7.6)) was independently associated

with irAE.

Conclusion: The incidence of irAEs in this cohort is lower than reported in
controlled trials, without impact on survival outcomes. Education and early recognition
are crucial to ensure that these events are identified and addressed.

INTRODUCTION

Globally, hepatocellular carcinoma (HCC) remains
a leading cause of cancer-related deaths. The high lethality
of HCC is driven by the concomitance of cirrhosis and
its complications in most patients, alongside the high
proportion of patients diagnosed at an advanced stage
when no curative-intend treatment is feasible [1, 2].
Advancements have been made in the management of
advanced-stage disease with novel systemic therapies,
leading to improved tumor control and survival [3].

Over the last few years, clinical trials proved the
superiority of immunotherapy-based combinations over
multikinase inhibitors. Atezolizumab, a monoclonal 1g4
antibody against programmed death receptor (anti-PD-L1),
plus bevacizumab, a monoclonal antibody targeting the
vascular endothelial growth factor (anti-VEGF), were
the first treatment to show superiority over sorafenib in
a phase III trial and received regulatory approval across
different countries [4].

The strict inclusion criteria hamper translating the
results of clinical trials to daily practice. In the case of
HCC, clinical trials predominantly included patients with
well-preserved liver function, favorable performance
status, no significant comorbidities, and a lower risk of
competitive mortality risks [5]. Moreover, patients from
Latin America are underrepresented in clinical trials, and
regional validation is needed.

It is well established that although immunotherapy
improves outcomes in HCC patients, they are complicated
by immune-related adverse events (irAEs). The incidence
of irAEs may vary by regional context, patient selection,
treatment parameters, and local practices. There is
growing recognition that irAEs can affect treatment
compliance, quality of life, and survival [6-9]. In a dual
cohort study, patients developing immune-mediated
hepatitis have paradoxically shown increased irAE
incidence rates, with a higher proportion of spontaneous
resolution, without the need for high-dose steroids [10].
However, reproducible conclusions have been limited by
the fact that real-world patients are more likely to have
comorbidities, reduced liver function reserve, and, thus,
risk of liver decompensation upon the occurrence of
adverse events. Therefore, the present study investigated
the incidence, type, severity, and management of irAEs
and their potential association with survival in a region
where these data have scantily been reported.

RESULTS

Of 306 BCLC A-C patients receiving systemic
therapy over the study period, 32.3% (n = 99) received
atezolizumab plus bevacizumab (n = 91 as first-line and
n = 8 as second-line treatment). Table 1 describes the
characteristics of the included population. Of these, 70.7%
were enrolled from Argentina, 15.2% from Colombia, and
14.1% from Brazil. The primary associated etiology was
metabolic-associated steatotic liver disease (MASLD)
in 31.3%, followed by chronic hepatitis C in 30.3%,
and alcohol-related liver disease in 9.1%. Most patients
had cirrhosis (82.3%), and 19.5% had presented prior
decompensation, including 10.1% with mild ascites at
treatment initiation. Regarding baseline staging, 70.7%
were classified as BCLC-C and 29.3% as BCLC-B. In
addition, 38.4% had macrovascular invasion (Vp1-Vp4),
and 33.3% had extrahepatic spread. Most patients had
Child-Pugh A (81.8%) and ECOG-performance status 0—1
(95.7%).

Treatment characteristics and outcomes

Atezolizumab plus bevacizumab median treatment
duration was six months (interquartile range (IQR): 2.6—
14.6) with a median of 5 cycles (IQR: 3—11.5). After a
median follow-up of 7.7 months (IQR: 4.5-17.2), the
median overall survival since treatment initiation was 17.0
months (95% CI: 12.6—19.8). The 12, 18, and 24 months
survival rates were 61.4% (95% CI: 47.8-72.4%), 43.1%
(95% CI: 28.5-56.9%)), and 34.8% (95% CI: 19.9-50.2%),
respectively (Figure 1).

After multivariate analysis, patients with prior
decompensation showed an increased risk of death
(HR: 3.83; 95% CI: 1.34-10.95; p < 0.012), adjusted
for Child-Pugh B vs. A (HR =2.62; 95% CI: 1.05-6.57;
p = 0.039), and baseline AFP >400 ng/ml (HR = 4.01,
95% CI: 1.73-9.29; P =0.001). Noteworthy, the median
overall survival of patients with Child-Pugh B was 8.6
months (95% CI: 2.63-not reached) versus 18.5 months
(95% CI: 13.33-not reached) for Child-Pugh A patients
(Table 2).

Temporary treatment interruptions were necessary
in 23 (23.2%) patients. A total of 58 patients (58.6%)
experienced adverse events of any grade, 27 (46.5%)
classified as mild, 7 (12.1%) as moderate, and 24
(41.4%) as severe. The most frequent adverse events
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Table 1: Characteristics of patients treated with Atezo + Bev (n =99)

Variables

n=99 (15.8%)

Age, years (£SD)

Male gender, n (%)

Obesity, 1 (%)

Comorbidities, n (%)

Etiology of liver disease, 1 (%)

Viral/non-viral

Hepatitis C

Hepatitis B

Metabolic associated steatotic liver disease

Alcoholic liver disease
Other etiologies
Cirrhosis, n (%)

Child Pugh A/B, n (%)

Prior decompensation, n (%)
Median total Bilirubin, mg/dl (IQR)
Median Albumin, g/dl (IQR)
Median INR, (IQR)

Median ALBI score, (IQR)

ALBI grade 1, n (%)

ALBI grade 2, n (%)

ALBI grade 3, n (%)

Mild Ascites, n (%)

Hepatic Encephalopathy grades I-I1, n (%)
ECOG 0/1, n (%)

Median serum AFP, ng/ml (IQR)

AFP >100 ng/ml, n (%)

AFP >400 ng/ml, n (%)
Macrovascular tumor invasion, n (%)
Metastatic disease, n (%)

BCLC, n (%)

B

C

67+9
78 (78.8)
18 (18.9)
58 (58.6)

38 (38.4)/61 (61.6)
30 (30.3)
8 (8.1)
31 (31.3)
9(9.1)
21 (21.2)
82 (82.3)

64 (78.1)/18 (21.9)
16/82 (19.5)
0.9 (0.6-1.4)
3.8 (3.3-4.1)
1.0 (1.0-1.2)

—2.42 (—2.83; ~1.91)
32(32.3)
45 (45.4)
22 (22.2)
10 (10.1)
2(2.0)

95 (95.7)/4 (4.3)
32.0 (5.0-844)
31(31.3)
23(23.2)

38 (38.4)
33(33.3)

29 (29.3)
70 (70.7)

Abbreviations: HCC: hepatocellular carcinoma; AFP: alpha-fetoprotein; IQR: interquartile range.

were fatigue (22%), hypertension (12.1%) and bleeding
(11.1%). Supplementary Table 1 describes the adverse
events reported.

The most common reasons for treatment
discontinuation were progressive disease (24.2%),
worsening liver function (11.1%), treatment intolerance
(9.1%), and symptomatic progression (3.0%). The
median survival after atezolizumab plus bevacizumab
discontinuation was 2.6 months (95% CI: 1.2-3.4).

Immune-related adverse events and their impact
on survival

Eighteen patients presented irAEs according to the
investigator’s judgment with an incidence rate of 2.1 cases
per 100 persons-months (cumulative incidence 18.1%
(95% CI: 11.1-27.2%)). The median time to irAE was
2.3 months (IQR 1.4-4.8) (Figure 2). The most frequently
reported irAEs were hepatitis (n = 6), thyroiditis (n = 5),
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and nephritis (n = 3). Twelve events required medical
treatment, eight required steroids, and four other
immunosuppressants. A complete resolution of the irAEs
was described in 9 (50%) events with a median time to
resolution of 30 days (IQR: 14-48). Four (22.2%) patients
were rechallenged with immunotherapy, and two patients
presented recurrence of irAE after rechallenging, with a
median time to recurrence of 3.5 months (IQR: 0-7).

The median follow-up was similar regardless of the
occurrence of irAEs. For patients presenting irAEs, the
median follow-up was 5.4 months (IQR: 3.7-11.7) and
8.5 months (IQR: 4.1-16.9) (P = 0.27) for those without
irAEs. Accordingly, treatment duration was similar
between both groups (5.1 months, IQR = 1.4-10.0; versus
6.5 months, IQR = 2.7-16.9, P = 0.14). No significant
differences regarding demographics and baseline features
were observed between patients developing and not
developing irAEs. (Table 3).

The median overall survival of patients who
presented irAEs was 18.5 months (95% CI: 3.7-not
reached) since treatment initiation, while the median
overall survival of patients who did not present irAEs was
18.5 months (95% CI: 12.9-not reached). The occurrence
of irAEs was not statistically associated with survival
since treatment initiation (HR = 1.71, 95% CI: 0.76-3.86;

P =0.19) (Figure 3), and its effect was not time-covariate
dependent (HR = 0.66; 95% CI: 0.25-1.72; p = 0.16).
Considering the subgroup with irAEs, the median overall
survival post-irAE was 2.9 months (95% CI: 0.2-9.57).

There were 27.3% of patients (n = 27) with grade I
adverse events, 7.1% with grade II (n = 7), and 24.4%
grades III or higher (n = 24). No impact on survival of
irAEs grade II or higher was observed (HR: 1.30; 95% CI:
0.66-2.57; 0 = 0.45).

Predictive factors for irAEs occurrence

We examined potential predictive factors for irAE
development by evaluating baseline characteristics.
In the univariate analysis, AFP> 400 ng/ml and diffuse
intrahepatic were significantly associated with irAEs
occurrence (at a cutoff of p < 0.10). In the multivariate
analysis, AFP >400 ng/ml remained significantly
associated with the irAEs, with an HR = 2.92 (95% CI:
2.22-7.60); P =0.03. (Table 4).

DISCUSSION

This study provides valuable insights into the
incidence and impact of irAEs in patients with HCC treated

Kaplan—Meier survival estimate

Survival Probability (%)

.25

| Median OS 17.0 months (95% Cl 12.6-19.8)

T
0 12

Number at risk
99 31

24 36
Months since Atezolizumab Bevacizumab
9 0
95% CI Survivor function

Figure 1: Kaplan-Meier survival curve of the patients treated with atezolizumab plus bevacizumab.
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Table 2: Prognostic variables in patients with Atezo Bev. Cox regression analysis

irAEs

Without irAEs

Variable n=18 (18.1%) n =81 (81.2%) P-values

Age, years (+ SD) 68 +8 67+9 0.62

Gender, Male, 1 (%) 15 (83.3) 63 (77.8) 0.44

Obesity, 1 (%) 4(23.5) 14 (17.9) 0.41

Comorbidities, 7 (%) 10 (55.6) 48 (59.3) 0.48

Cirrhosis, n (%) 16 (88.9) 66 (81.5) 0.35

Etiology of liver disease, n (%)

Viral/non-viral 9 (50.0)/9 (50.0) 29 (35.8)/52 (64.2) 0.20
Hepatitis C 8 (44.4) 22 (27.2) 0.12
Metabolic associated steatotic liver disease 4(22.2) 27 (33.3) 0.27
Alcoholic liver disease — 9 (11.1) 0.10

Child Pugh A/B, n (%) 14 (77.8)/4 (22.2) 67 (82.7)/14 (17.3) 0.42
Prior decompensation, n (%) - 16 (24.2) 0.02

ECOG 0-1, n (%) 18 (100) 77 (95.1) 0.44

Median total Bilirubin, mg/dl (IQR) 0.8 (0.7-1.6) 0.9 (0.6-1.3) 0.66

Median Albumin, g/dl (IQR) 3.8(3.64.2) 3.8(3.34.1) 0.51

Median INR, (IQR) 1.1 (1.0-1.2) 1.0 (1.0—1.2) 0.82

Median ALBI score, (IQR) —2.45 (=2.95; -2.11) —2.39 (-2.82; —-1.91) 0.69
ALBI grade 1, n (%) 7 (38.9) 25(30.9) 0.50
ALBI grade 2, n (%) 9 (50.0) 36 (44.4)

ALBI grade 3, n (%) 2 (11.1) 20 (24.7)

Median serum AFP, ng/ml (IQR) 150.7 (5.4-1624.9) 28.5 (4.9-487.7) 0.30
AFP >100 ng/ml, n (%) 9 (50.0) 22 (27.2) 0.06
AFP >400 ng/ml, n (%) 7 (38.9) 16 (19.7) 0.08

Macrovascular tumor invasion, n (%) 6(33.3) 32 (39.5) 0.42

Metastatic disease, n (%) 8 (44.4) 25(30.9) 0.20

BCLC , n (%)

B 5(27.8) 24 (29.6) 0.56
C 13 (72.2) 57 (70.4)

Normal Values: Alpha-fetoprotein 0.6—4.4 ng/ml. Abbreviations: AFP: Alpha-fetoprotein; HCC: Hepatocellular carcinoma;
HR: hazard ratio; MASLD: Metabolic associated steatotic liver disease.

with the combination of atezolizumab and bevacizumab
in real-world practice. As immune checkpoint inhibitors
continue to gain relevance in the treatment of advanced
HCC, understanding the nuances of irAE development
and their consequences on patient outcomes is critical,
particularly in populations underrepresented in clinical trials
with a higher prevalence of cirrhosis and other comorbidities.

The incidence rate of irAEs in our cohort, at 2.1
cases per 100 person-months and a cumulative incidence
of 18.1%, aligns with previous reports of irAEs in
immunotherapy-treated patients [4, 11, 12], although it
may still be underreported. This is likely because mild

irAEs that do not significantly impact the clinical course
or lead to treatment discontinuation may go unnoticed
or underreported in real-world settings. For example, we
observed a few dermatologic events such as pruritus or rash,
which can have a less prominent impact on quality of life.
Interestingly, while irAEs are often viewed as a
marker of immune activation and potentially improved
outcomes in cancer therapy, our analysis did not
demonstrate a significant survival benefit in patients who
developed irAEs compared to those who did not. Other
studies found divergent results. For instance, Ng et al.
showed median OS for grade >3 irAE versus grades 1-2
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irAE versus no irAE of 26.9 versus 14.0 versus 4.6 months
[12]. Similarly, Xu et al. observed that the median OS and
disease control rate was better in patients with irAEs [11].
This lack of consistency across different cohorts may be
attributed to several factors, including the relatively small
sample size, diverse methodology in reporting irAEs, and
heterogeneous median follow-up time. Further studies
with larger cohorts and longer follow-up may be required
to clarify this relationship.

The IMbravel50 trial reported that 68.7% of
patients developed atezolizumab-related adverse events
[4]. However, this study registered adverse events other
than irAEs. In particular, the frequency of hepatitis was
markedly different from that in our study; 43.2% of
patients in the IMbravel50 study developed hepatitis,
whereas around 6% of our patient’s developed hepatitis.
In a multicentric prospective cohort, Celsa et al. observed
an incidence of 11.4% of immune-related liver injury
in patients with HCC, with a resolution of 72.1%. The
incidence was lower in patients with other solid tumors,
at 2.6% [10]. Hepatitis is a relevant adverse event due
to the risk of liver decompensation. Besides, hepatitis
can be related to the HCC or caused by concomitant
drugs or alcohol use. The lower incidence of irAEs,

including hepatitis, observed in our cohort compared to
the IMbravel50 trial and other published studies may be
attributable to several factors. First, differences in patient
selection may play a role; clinical trials often include
patients with more favorable baseline characteristics
and stricter inclusion criteria, while our real-world
cohort likely reflects a more heterogeneous population.
Second, monitoring intensity and frequency in routine
clinical practice may be less rigorous than in controlled
trial settings. Third, mild increments on liver function
enzymes have been reported on clinical trials, but not all
these elevations were defined as clinical hepatitis. The
difference between clinical trials and real-world data
can be attributed to the trial's requirement for registering
minimal alterations and a stricter monitoring schedule in
research protocols. Finally, variations in adverse event
definitions and documentation standards across centers
may contribute to underestimation, particularly for
laboratory-based toxicities such as asymptomatic hepatitis.

Notably, baseline alpha-fetoprotein (AFP) values
>400 ng/ml were significantly associated with the
development of irAEs. Elevated AFP levels have been
previously linked to more aggressive HCC biology and
worse prognosis [13], but their role in predicting irAEs is

R Kaplan—-Meier failure estimate
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Figure 2: Cumulative incidence curve of immune related adverse events in patients treated with atezolizumab plus

bevacizumab.

www.oncotarget.com

353 Oncotarget



Table 3: Comparison between patients with and without immune-related adverse events associated

with Atezolizumab (n = 99)

Unadjusted Adjusted
Variable HR P HR P
95% CI) 95% CI)

Age, years 0.99 (0.96—1.03) 0.77
Male gender 0.66 (0.30—1.47) 0.31
Cirrhosis 2.95(0.89-9.71) 0.07

Prior decompensation 3.01 (1.17-7.71) 0.02 3.83(1.34-10.95) 0.012
Etiology of liver disease

Viral/non-viral 0.92 (0.47-1.81) 0.81

Hepatitis C 1.07 (0.53-2.17) 0.85

MASLD 1.01 (0.46—2.25) 0.97
Number of HCC nodules 1.03 (0.91-1.18) 0.61
Diffuse intrahepatic pattern 2.06 (0.85-5.0) 0.11
Major nodule diameter (mm) 1.01 (0.99—-1.02) 0.12
Serum bilirubin, mg/dl 1.53 (1.15-2.0) 0.003
Albumin, gr/dl 0.52 (0.29-0.94) 0.03
Child Pugh B vs. A 3.08 (1.33-7.12) 0.009 2.62 (1.05-6.57) 0.039
ALBI grade 1 vs. grades 2-3 1.79 (0.84-3.86) (0.13)
Serum AFP 1.01 (1.01-1.02) 0.043

AFP >400 ng/ml 3.66 (1.75-7.65) 0.001 4.01 (1.73-9.29) 0.001
Macrovascular tumor invasion 1.54 (0.78-3.03) 0.21
Metastatic disease 1.11 (0.56-2.23) 0.76
BCLC Cvs.B 1.64 (0.74-3.63) 0.22

Abbreviations: HCC: hepatocellular carcinoma; AFP: alpha-fetoprotein; IQR: interquartile range; INR: international

normalized ratio.

novel. Interestingly, a recent cohort observed that patients
with liver injury using immunotherapy had higher levels
of AFP compared to patients without liver injury [10].
These findings suggest that patients with high AFP may
require closer monitoring for potential immune-related
toxicities.

While AFP is commonly used as a prognostic
biomarker in HCC and is often associated with more
aggressive tumor biology and advanced disease stage, its
role in modulating immune response is not recognized.
One possible explanation is that higher AFP levels reflect
an underlying pro-inflammatory tumor microenvironment,
increased tumor antigenicity or tumor necrosis, which
could potentiate immune activation and response to
immunotherapy. This may also increase susceptibility
to immune-related toxicity. Alternatively, patients
with elevated AFP may have received more intensive
monitoring or laboratory testing, increasing the likelihood
of irAE detection. It is also important to consider the
potential for confounding. Patients with advanced
disease and higher AFP levels might be more prone to

progression and hepatic dysfunction, which could mimic
the appearance of irAEs. Although multivariable modeling
was used to adjust for known confounders, residual
confounding cannot be excluded in a real-world cohort of
this size. All these hypotheses warrant further exploration
and validation in future studies.

The relatively short post-irAE survival of 2.9 months
indicates the potential severity of irAEs in this patient
population, where the majority present with underlying
cirrhosis. Hepatitis was the most common irAE, with a
substantial proportion of patients requiring corticosteroid
treatment, underscoring the importance of timely
recognition and management of these toxicities. Given the
hepatic reserve limitations in patients with cirrhosis, irAEs
such as hepatitis can significantly affect clinical outcomes,
and therefore, a tailored, multidisciplinary approach is
essential.

While the results of this study did not demonstrate
a significant impact of irAEs on overall survival, they
emphasize the complexity of managing immune-related
toxicities in real-world HCC populations, especially in
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regions like Latin America, where access to specialized
care and management may vary across different centers.
Early identification and personalized management
of irAEs remain critical in optimizing therapeutic
outcomes, particularly in patients with advanced liver
disease.

The strengths of this study include its multicenter
prospective cohort design and the inclusion of a
real-world patient population. However, limitations
common in observational studies, such as the lack of a
centralized definition of irAE assessment, potentially
result in misclassification bias. However, it reflects the
challenges encountered in clinical practice. Relatively
short follow-up periods must be acknowledged, with a
potential selection bias. The short median follow-up of
7.7 months might limit the ability to observe long-term
outcomes, such as kidney and hematologic irAEs. This
may lead to an underestimation of both irAE incidence
and potential survival differences between patients with
and without irAEs. Additionally, as immune-related
toxicities can occur beyond the early treatment phase,
longer observation would be necessary to assess their full
spectrum and impact. Nevertheless, it should be noted that
in the participating countries, approval of atezolizumab

plus bevacizumab occurred at least 1-2 years after
European, Asian and North American approval dates.

The short follow-up increases the impact of
censored data due to ongoing follow-up, which may
further affect the robustness of survival estimates. Future
analyses with extended follow-up are warranted to validate
these findings and better define the long-term safety and
efficacy profile in this population.

The relatively small number of patients experiencing
irAEs (n = 18) limits the statistical power of subgroup
analyses and may affect the robustness of conclusions
regarding the association between irAEs and survival
outcomes. While we observed no statistically significant
difference in overall survival between patients with and
without irAEs (HR: 1.71, 95% CI: 0.76-3.86; P = 0.19),
this analysis may be underpowered to detect a positive
effect. The absence of a statistically significant association
should be interpreted with caution and not considered
definitive evidence of no effect. Larger cohorts or pooled
analyses may be necessary to clarify the prognostic
impact of irAEs in this population. Moreover, conducting
further subgroup analysis, including the effect on survival
stratifying each type of irAE would have led to further
reduced sample power (e.g. hypothyroidism versus liver

Kaplan—Meier survival estimates
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Figure 3: Survival curves of patients with and without immune related adverse events.
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Table 4: Predictive factors for irAEs development. Cox regression analysis

Unadjusted Adjusted
Variable HR P HR P
95% CI) 95% CI)

Age, years 1.01 (0.96—1.06) 0.68
Male gender 1.21 (0.35—4.22) 0.76
Cirrhosis 2.86 (0.87-9.42) 0.084
Etiology of liver disease

Viral/non-viral 1.35(0.53-3.4) 0.52

Hepatitis C 1.61 (0.63—4.07) 0.32

MASLD 0.84 (0.28-2.56) 0.76
Number of HCC nodules 0.95 (0.77-1.18) 0.66
Diffuse intrahepatic pattern 2.55(0.84-7.75) 0.09 2.54 (0.83-7.7) 0.10
Major nodule diameter (mm) 1.00 (0.99—-1.02) 0.41
Serum bilirubin, mg/dl 1.23 (0.81-1.88) 0.32
Albumin, gr/dl 1.31 (0.52-3.34) 0.57
Child Pugh B vs. A 1.61 (0.53—4.92) 0.40
Serum AFP 1.00 (0.99—-1.00) 0.61

AFP >400 ng/ml 2.93 (1.12-7.7) 0.03 2.92 (1.11-7.6) 0.03
Macrovascular tumor invasion 0.88 (0.33—2.35) 0.80
Metastatic disease 1.52 (0.60—3.86) 0.38
BCLC Cvs.B 1.16 (0.41-3.28) 0.77

Normal Values: Alpha-fetoprotein 0.6-4.4 ng/ml. Abbreviations: AFP: Alpha-fetoprotein; HCC: Hepatocellular carcinoma;
HR: hazard ratio; BCLC: Barcelona Clinic Liver Cancer; ECOG: Eastern Cooperative Oncology Group; MASLD: Metabolic

associated steatotic liver disease.

irAE, which in cirrhosis may have a different impact on
survival). As the project continues to enroll and follow
patients, it is expected that the power to detect new events
will increase, potentially increasing the incidence of irAEs
in this population.

In conclusion, the incidence of irAEs in this
Latin American cohort aligned with real-world global
data, highlighting the need for careful monitoring. The
association between high AFP and irAEs requires further
research to understand better the implications of irAEs
on long-term outcomes in HCC patients. Ultimately, a
multidisciplinary approach is crucial for managing irAEs
to ensure that patients can continue to benefit from life-
prolonging immunotherapies while minimizing adverse
events.

MATERIALS AND METHODS

Study design, participating centers, and
eligibility criteria

This observational multicenter prospective cohort
study was conducted in 14 Latin American centers from

Argentina, Chile, Brazil, and Colombia, including HCC
patients from May 15th, 2018, to March 15th, 2024. The
results shown in this report correspond to a pre-specified
final analysis on April 1st, 2024, from a prospective
cohort including Barcelona Clinic Liver Cancer (BCLC)
stages A-C HCC patients treated with atezolizumab plus
bevacizumab, either as first or second line systemic
treatment [14].

In the present analysis, we included consecutive
adult patients with clinical or histological diagnosis
of HCC if all the following eligibility criteria were
met: (1) Radiological, either with Computerized Axial
Tomography (CT) or Magnetic Resonance Image
(MRI), or histological diagnosis of HCC, according to
international recommendations [15, 16]. (2) Locally
advanced (non-surgical) or metastatic HCC, either
BCLC A (treatment stage migration), B, or C at study
enrollment. Patients could have been in other BCLC
stages over their past medical history. (3) Received at
least one dose of atezolizumab plus bevacizumab. Patients
were excluded if other malignant tumors were present,
presented with Child-Pugh C, BCLC-D, recent variceal
bleeding, encephalopathy, prior systemic immunotherapy,
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enrollment in interventional clinical trials, incomplete
baseline clinical data, concurrent active autoimmune
diseases requiring immunosuppression or follow-up
shorter than 30 days unless due to death.

The study protocol complied with international
ethical statements and standards of Good Clinical Practice,
requiring a signed informed consent and confidentiality
agreement in all centers (CIE 18-078). Study data was
registered on a web-based electronic case report from the
Latin American Liver Research Education and Awareness
Network (LALREAN, https://www.temasis.com.ar/
lalrean-org). Results were reported according to STROBE
guidelines [17].

Data collection

Study variables included age, gender, demographic
data, comorbid conditions, and etiology of liver disease.
The tumor characteristics through imaging and serum
alpha-feto protein values (AFP) were registered at HCC
diagnosis and classified according to the BCLC staging
systemic [3]. Performance status was described according
to the Eastern Cooperative Oncology Group (ECOG)
classification, and liver function was classified according
to the Child-Pugh and ALBI (albumin-bilirubin) scores
[18, 19]. Baseline laboratory values included platelet
count, total bilirubin, international normalized ratio (INR),
and serum albumin. We registered dates of atezolizumab
plus bevacizumab initiation, definite suspension, and total
number of treatment cycles.

Immune-related adverse events

Local investigators were asked to register adverse
events and irAEs that showed a causal relation with
atezolizumab and bevacizumab. IrAEs were identified
and diagnosed based on clinical, laboratory, and radiologic
findings suggestive of immune-mediated toxicity, after
exclusion of other etiologies such as infection or disease
progression. Events were graded according to the Common
Terminology Criteria for Adverse Events (CTCAE) version
4.0. To minimize inter-center variability, investigators
were instructed to apply pre-specified definitions for
each type of irAE, in alignment with CTCAE. To ensure
consistency across participating sites, local investigators
were contacted in case of inconsistencies, and suspected
irAEs were reviewed and re-discussed when needed. IrAEs
were categorized as thyroiditis, nephritis, pneumonitis,
neurological, myositis, adrenal insufficiency, hepatitis,
dermatitis, colitis, new-onset diabetes Mellitus (insulitis),
carditis, pancreatitis and hypophysitis. Less commonly
occurring irAEs were collectively categorized as “other.”
Categorisation and management were generally based on
the following recommendations: CTCAE grade 1, mild
events not requiring systemic therapy or treatment delay;
CTCAE grade 2, moderate events requiring symptomatic

management or temporary interruption of immunotherapy,
and CTCAE grade >3, severe events requiring
hospitalization, or need for systemic corticosteroids or
permanent discontinuation of systemic treatment [20]. The
electronic database was reviewed centrally.

Study endpoints

The primary endpoint of the study was to describe
the incidence rates and cumulative incidence of irAE in
patients treated with atezolizumab and bevacizumab.
The secondary endpoints were to compare baseline
characteristics between patients with or without irAEs,
identify variables independently related to occurrence of
irAEs and identify prognostic variables in this cohort of
patients treated with atezolizumab plus bevacizumab.

Statistical analysis

The incidence rates were calculated as the number
of patients presenting at least one irAE per 100 persons-
month, whereas the cumulative incidence is shown as
cumulative rates and a 95% confidence interval (CI). The
inverse Kaplan-Meier product and cumulative incidence
curves for irAEs were estimated, being irAE the failure
event (time to irAEs), and patients without irAEs were
censored at the date of last follow-up or death.

Kaplan Meier survival curves were compared
using the log-rank test (Mantel-Cox) from the date of
atezolizumab plus bevacizumab initiation to the failure
event or date of censoring. Cox proportional hazard
analysis was conducted to evaluate independent variables
associated with irAE. Follow-up and treatment duration
times were compared between groups with or without
irAEs. Multivariable Cox proportional hazards regression
analyses were conducted to identify independently related
variables with the outcome of interest, estimating hazard
ratios (HR) and 95% CI. Variables from the crude analysis
showing P-values <.10 were further included in the
multivariable model in a step-by-step process, evaluating
confounding effects (change in HR estimates more than
20%).

Survival analysis was conducted with death as the
primary or failure event (date of death) and censored
observations in the absence of death registered at the last
date of follow-up. Overall survival was defined from the
date of atezolizumab plus bevacizumab initiation until
death or last follow-up (censored). We also estimated the
HR of death in a multivariable Cox regression model. To
address the effect of irAEs on survival, we evaluated its
effect over time through a time-covariate analysis. Missing
data were handled using a complete-case approach for
primary analyses. For time-to-event analyses, censoring
was applied at the last known follow-up date. Variables
with >10% missingness were not included in multivariable
models. Data quality and completeness were regularly
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audited across sites to ensure consistency. Data was
analyzed using STATA 17.0 BE perpetual license (Stata,
Texas, USA).
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