
1de la Torre-Aláez M, et al. J Immunother Cancer 2022;10:e005457. doi:10.1136/jitc-2022-005457

Open access�

Nivolumab after selective internal 
radiation therapy for the treatment of 
hepatocellular carcinoma: a phase 2, 
single-arm study

Manuel de la Torre-Aláez  ‍ ‍ ,1 Ana Matilla,2,3 Maria Varela,4 
Mercedes Iñarrairaegui,3,5 Maria Reig,3,6 Jose Luis Lledó,3,7 Juan Ignacio Arenas,8 
Sara Lorente,9 Milagros Testillano,10 Laura Márquez,2 Leonardo Da Fonseca,6 
Josepmaria Argemí,3,5 Carlos Gómez-Martin,11 Macarena Rodriguez-Fraile  ‍ ‍ ,12 
Jose I Bilbao,13 Bruno Sangro3,5

To cite: de la Torre-Aláez M, 
Matilla A, Varela M, et al.  
Nivolumab after selective 
internal radiation therapy for 
the treatment of hepatocellular 
carcinoma: a phase 2, 
single-arm study. Journal for 
ImmunoTherapy of Cancer 
2022;10:e005457. doi:10.1136/
jitc-2022-005457

	► Additional supplemental 
material is published online only. 
To view, please visit the journal 
online (http://​dx.​doi.​org/​10.​
1136/​jitc-​2022-​005457).

MdlTA and AM are joint first 
authors.

Accepted 05 October 2022

For numbered affiliations see 
end of article.

Correspondence to
Bruno Sangro; ​bsangro@​unav.​es

Original research

© Author(s) (or their 
employer(s)) 2022. Re-use 
permitted under CC BY-NC. No 
commercial re-use. See rights 
and permissions. Published by 
BMJ.

ABSTRACT
Purpose  To evaluate the safety and efficacy of selective 
internal radiation therapy (SIRT) in combination with a 
PD-1 inhibitor in patients with unresectable hepatocellular 
carcinoma (uHCC) and liver-only disease ineligible for 
chemoembolization.
Patients and methods  NASIR-HCC is a single-arm, 
multicenter, open-label, phase 2 trial that recruited from 
2017 to 2019 patients who were naïve to immunotherapy 
and had tumors in the BCLC B2 substage (single or 
multiple tumors beyond the up-to-7 rule), or unilobar 
tumors with segmental or lobar portal vein invasion (PVI); 
no extrahepatic spread; and preserved liver function. 
Patients received SIRT followed 3 weeks later by 
nivolumab (240 mg every 2 weeks) for up to 24 doses or 
until disease progression or unacceptable toxicity. Safety 
was the primary endpoint. Secondary objectives included 
objective response rate (ORR), time to progression (TTP), 
and overall survival (OS).
Results  42 patients received SIRT (31 BCLC-B2, 11 with 
PVI) and were followed for a median of 22.2 months. 27 
patients discontinued and 1 never received Nivolumab. 
41 patients had any-grade adverse events (AE) and 21 
had serious AEs (SAE). Treatment-related AEs and SAEs 
grade 3–4 occurred in 8 and 5 patients, respectively. 
Using RECIST 1.1 criteria, ORR reported by investigators 
was 41.5% (95% CI 26.3% to 57.9%). Four patients were 
downstaged to partial hepatectomy. Median TTP was 8.8 
months (95% CI 7.0 to 10.5) and median OS was 20.9 
months (95% CI 17.7 to 24.1).
Conclusions  The combination of SIRT and nivolumab has 
shown an acceptable safety profile and signs of antitumor 
activity in the treatment of patients with uHCC that were 
fit for SIRT.
Trial registration number  NCT03380130

INTRODUCTION
Liver cancer is the third-leading cause of 
cancer-related deaths worldwide, and hepa-
tocellular carcinoma (HCC) accounts for 
more than 80% of cases.1 Unresectable HCC 

patients are typically in the intermediate and 
advanced stages.2 Intermediate means asymp-
tomatic, multinodular liver-only disease while 
advanced means mild impairment of perfor-
mance status, vascular invasion or extrahe-
patic spread. Intraarterial therapies are the 
mainstay of the treatment of the former 
while systemic therapy is mostly used for the 
latter. Immunotherapy with the combination 
of atezolizumab plus bevacizumab is widely 
recommended as first-line systemic therapy 
for advanced HCC.3 4 Transarterial chemo-
embolization (TACE) is the most common 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Selective internal radiation therapy (SIRT) using yt-
trium-90 microspheres and PD1 inhibitors are used 
to treat patients with liver cancer but there is very 
limited information about the safety and efficacy of 
the combination of both therapies.

WHAT THIS STUDY ADDS
	⇒ In patients with hepatocellular carcinoma (HCC) 
who are not good candidates for TACE despite being 
free from extrahepatic metastasis, SIRT using SIR-
Spheres resin microspheres followed by nivolumab 
produced no new signs of enhanced toxicity, with 
most patients receiving nivolumab as planned, and 
the observed time to progression and overall surviv-
al were encouraging.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ The efficacy of the combination of SIRT and nivolum-
ab deserves to be studied in prospective random-
ized clinical trials in this population of patients with 
HCC and large or multiple tumors or those with seg-
mental or lobar portal vein invasion. The outcomes 
observed in this study provide the benchmark for 
the design of such trials.
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intra-arterial therapy and ideal candidates for TACE are 
those with limited burden of disease that can be targeted 
by superselective embolization.2

Selective internal radiation therapy (SIRT) has been 
proposed as an alternative intra-arterial therapy for 
patients with a higher burden of disease including those 
with segmental or lobar portal vein invasion (PVI).5 SIR-
Spheres are resin microspheres containing yttrium-90, a 
pure beta-emitting isotope. Patients treated by SIRT using 
SIR-Spheres reach a median survival of 17 months if they 
are in the intermediate Barcelona Clinic Liver Cancer 
(BCLC) stage B and 10 months if they are in the advanced 
BCLC stage C with limited PVI.6 Phase 3 clinical trials 
have not shown improved survival when SIRT alone7 8 
or in combination with sorafenib9 were compared with 
sorafenib alone. The most common pattern of progres-
sion after SIRT is the onset of new tumor lesions inside or 
outside the liver,10 an event that carries a poor prognosis. 
Therefore, the combination of SIRT with an effective, 
well-tolerated systemic therapy could result in improved 
efficacy and preserved quality of life.

Nivolumab is a fully human immunoglobulin G4 that 
selectively blocks the interaction between programmed 
death 1 (PD-1) expressed on activated T cells, with its 
ligands PD-L1/PD-L2 thus preventing T cells from being 
inactivated.11 Nivolumab has demonstrated durable 
tumor responses with good tolerability in naïve and 
sorafenib-treated patients with advanced HCC.12 13 SIRT 
increases the presence of activated CD8+T cells in the 
tumor microenvironment14 and may therefore provide 
synergistic efficacy with Nivolumab. NASIR-HCC has 
assessed the combination of SIRT and immunotherapy in 
HCC patients with liver-only disease.

METHODS
Study design and population
NASIR-HCC (CA209-992) is a phase 2, multicenter, 
open-label, single-arm study of the safety and efficacy of 
Nivolumab in combination with SIRT using SIR-Spheres 
for the treatment of patients with HCC that are candi-
dates for locoregional therapies. The study was conducted 
in nine academic centers in Spain (online supplemental 
file).

Eligible patients had unresectable HCC and were 
considered ineligible for TACE because either (i) they 
were in the BCLC-B2 substage,15 which includes single 
tumors (BCLC-A stage) if they are >5 cm or multiple 
tumors (BCLC-B stage) if they fall beyond the up-to-7 
rule (number of tumors plus size of the largest lesion 
in cm >7); or (ii) they were in BCLC-C stage due to 
predominantly unilobar tumors with segmental or lobar 
PVI. Additional eligibility criteria are provided in online 
supplemental file.

All SIRT evaluations and treatments were centrally 
performed at Clinica Universidad de Navarra as a 
single-day procedure. A detailed SIRT protocol is 
provided in online supplemental file. SIRT was performed 

selectively, eventually through multiple microspheres 
injections, to preserve the largest possible liver volume 
from receiving any amount of radiation. Activity calcula-
tion took into account the cirrhotic status of the liver and 
the amount of liver volume spared from irradiation, with 
the aim to maximize tumor absorbed dose when deemed 
safe.16 Such individualized dosimetry was used whenever 
two liver segments were spared from radiation. Nivolumab 
(240 mg IV every 14 days) was started 3 weeks after SIRT 
visit and maintained until tumor progression, unaccept-
able toxicity or a maximum of 24 doses. Tumor response 
was assessed by investigators using Response Evaluation 
Criteria in Solid Tumors (RECIST) v1.1 criteria17 every 6 
weeks for the first year, and then every 12 weeks thereafter 
until progression. Treatment with Nivolumab beyond 
progression was allowed under protocol-defined circum-
stances detailed in online supplemental file.

Outcomes
The primary endpoints were the rate and type of adverse 
events (AEs), serious AEs (SAEs), events of liver decom-
pensation, and transient and permanent drug discontin-
uations due to toxicity. Immune-mediated adverse events 
(IMAE) related to nivolumab that were treated with 
corticosteroids were specifically recorded. Hepatic AEs 
(HAEs) were defined as those AE that have the liver as the 
target organ or represent usual complications of cirrhosis, 
including hepatobiliary events, liver-related investiga-
tions, thrombocytopenia, ascites, encephalopathy, spon-
taneous bacterial peritonitis and GI hemorrhage. Toxicity 
was graded according to Common Terminology Criteria 
for Adverse Events (CTCAE) V.4.0. Secondary endpoints 
are defined in detail in supplemental data and included 
overall response rate (ORR), disease control rate (DCR), 
duration of response (DoR), time to progression (TTP), 
progression-free survival (PFS), and pattern of progres-
sion. Exploratory objectives were overall survival (OS); 
efficacy based on tumor cell programmed death ligand 1 
(PD-L1) expression and other tissue and blood biomarker; 
impact of the albumin-bilirubin (ALBI) score on safety 
and efficacy; and health related quality of life (HRQoL).

Statistical analyses
The primary objective was safety, but the study was consid-
ered key to explore the clinical benefit of combining 
nivolumab with SIRT. A sample size of 40 patients was 
determined adequate to provide safety information based 
on a 90% probability of observing at least one occur-
rence of any AE that might occur with a 5% incidence. 
At the time of study design, the estimated TTP after SIRT 
alone in a similar population was 3 months18 and sample 
size of 40 patients receiving SIRT plus at least 3 doses of 
Nivolumab would therefore allow to detect a relevant 
signal of incremental efficacy as detailed in online supple-
mental file.

Safety analysis included all patients who received 
SIRT while efficacy analysis included those who received 
SIRT and one or more doses of nivolumab. All AEs were 
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summarized and reported by organ system, preferred 
term, and coded per the current version of the Medical 
Dictionary for Regulatory Activities. ORR and the corre-
sponding 95% CI were calculated using the Clopper-
Pearson method. The Kaplan-Meier method was used to 
analyze and plot time to events (TTP, DoR, PFS and OS) 
and median values were reported with 95% CI. The anal-
ysis of HRQoL will be reported separately.

RESULTS
Population and baseline characteristics
Forty-three patients were enrolled between January 2018 
and April 2019 (figure  1). SIRT was contraindicated in 
one patient (2.3%) due to a hepatopulmonary shunt 
fraction >20%. The remaining 42 patients received SIRT 
and comprised the safety population. One patient with an 
incompetent ampulla of Vater developed liver abscesses 
after SIRT and never received Nivolumab, 27 discontinued 
Nivolumab during the study period mostly due to disease 
progression (n=17), and 14 patients received 24 doses of 
nivolumab as planned. Baseline demographic and clin-
ical characteristics are listed in table 1. Six patients had 
received sorafenib, with a median of 10 weeks between 
the last dose of sorafenib and study entry.

Treatment
SIRT details are summarized in online supplemental table 
S1. The median time from informed consent to SIRT was 
22 days (IQR 12 days). An effort was made to perform 
SIRT highly selectively. According to the volume of liver 
receiving any amount of radiation, SIRT was sublobar in 
17%, lobar in 55%, and extended lobar or whole-liver in 
28%, with multiple SIR-Spheres injections performed in 
62% of patients. Activity was calculated using the parti-
tion model to maximize the dose delivered to the tumor 

compartment at >120 Gy in 25 patients (tumor-targeted 
dose group) while in the remaining 17 patients (liver-
targeted dose group) either the partition model was used 
to restrict the dose delivered to the non-tumoral compart-
ment to 40 Gy (n=9) or a modified BSA method was used 
to calculate the activity (n=8).

At database lock in February 2021, the median 
minimum follow-up was 22.2 months (range 2.7–35.6). 
The median time from SIRT to first dose of nivolumab 
was 3.1 weeks and 3 patients started nivolumab 4 weeks 
or more after SIRT (4.5, 4.8, and 6.1 weeks) due to AEs. 
Twenty-eight patients (66.6%) discontinued or never 
received nivolumab. The reason for treatment discontin-
uation was as per investigator’s decision in 4 patients. In 
three of these cases tumors previously considered unre-
sectable turned resectable after tumor regression and/
or contralateral hypertrophy. One additional patient who 
interrupted nivolumab due to diarrhea was also consid-
ered resectable. Complete tumor resection was achieved 
in these 4 patients 26, 27, 37, and 46 weeks after SIRT, 
with no postoperative deaths recorded. Allfour patients 
were alive and recurrence-free 11, 16, 17 and 29 months 
after resection (22, 23, 24 and 35 months after SIRT).

Patients were on nivolumab for a median of 32.9 weeks 
(range 2.1–48.8 weeks). Fourteen patients (33.3%) 
completed nivolumab treatment as planned. Seven 
patients who reached the end of the treatment period with 
stable disease (n=4) or showing partial tumor response 
(n=3) were maintained on Nivolumab off-study based on 
local availability and investigator decision. Nine patients 
(21.9%) received tyrosine kinase inhibitors poststudy.

Safety
A summary of AEs is presented in table 2. AEs and SAEs 
grade 3–4 were observed in 19% and 26% of patients, 

Figure 1  Flow chart. SIRT, selective internal radiation therapy.
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respectively. No treatment-related deaths were reported. 
The incidence and type of SAEs was not different in 
patients in the BCLC-B2 substage versus those with lobar 
PVI. Treatment-related AE related to nivolumab (IMAE) 
or SIRT are detailed in table 3.

Eighteen patients (43.9%) had at least one nivolumab 
dose delay due to AEs (online supplemental table S2) 
and three patients (7.2%) had three or more dose delays. 

HAEs resulted in dose delays in 9 (21.4%) patients. Delays 
occurred less frequently after sublobar SIRT (14.2%) 
compared with lobar (52.1%) or lobar extended/whole-
liver SIRT (25%). Nivolumab was discontinued due to 
AEs in six patients (online supplemental table S3). Two 
such AEs were considered related to SIRT (liver abscesses 
in a patient with incompetent ampulla of Vater despite 
antibiotic prophylaxis; and hyperbilirubinemia) and one 

Table 1  Patient demographics and baseline characteristics

All patients BCLC-B2 substage
Unilobar tumors with 
portal vein invasion

Patients (n, %) 42 (100) 31 (73.8) 11 (26.2)

Males (n, %) 36 (85.7) 27 (87.1) 9 (81.1)

Age in years (median, IQR) 65 (49–79) 65 (49–79) 65 (55–79)

Vascular invasion (n, %) 11 (26.2) 0 11 (100)

BCLC stage (n, %)

 � A 3 (7.1) 3 (9.7) 0

 � B 25 (59.6) 25 (80.6) 0

 � C 14 (33.3) 3 (9.7) 11 (100)

Etiology (n, %)

 � Uninfected 32 (76.2) 25 (80.6) 7 (63.6)

 � Hepatitis C 9 (21.4) 5 (16.1) 4 (36.4)

 � Hepatitis B 1 (2.4) 1 (3.2) 0

Alcohol consumption (n, %) 5 (11.9) 3 (9.6) 2 (18.1)

Arterial hypertension (n, %) 20 (47.6) 16 (51.6) 4 (36.4)

Diabetes (n, %) 10 (23.8) 7 (22.6) 3 (27.3)

Dyslipidemia (n, %) 9 (21.4) 8 (25.8) 1 (9.1)

ECOG performance status (n, %)

 � 0 38 (90.5) 28 (90.3) 10 (90.9)

 � 1 4 (9.5) 3 (9.7) 1 (9.1)

Child-Pugh class (n, %)

 � A5 36 (85.7) 27 (87.1) 9 (81.8)

 � A6 6 (14.3) 4 (12.9) 2 (18.2)

ALBI grade (n, %)

 � 1 21 (50) 17 (54.9) 4 (36.4)

 � 2 21 (50) 14 (45.1) 7 (63.6)

Previous treatment (n, %)

 � Liver resection 7 (16.7) 5 (16.1) 2 (18.2)

 � Percutaneous ablation 6 (14.3) 5 (16.1) 1 (9.1)

 � TACE 11 (26.2) 11 (35.5) 0

 � Sorafenib 6 (14.3) 5 (16.1) 1 (9.1)

Alpha-fetoprotein >400 ng/mL (n, %) 12 (29.3) 7 (23.3) 5 (45.5)

Platelet count, /pL (median, IQR) 141 (46–512) 139 (46–512) 145 (59–288)

Total bilirubin, mg/dL (median, IQR) 0.76 (0.20–1.89) 0.72 (0.20–1.89) 0.90 (0.40–1.40)

Albumin, g/dL (median, IQR) 3.95 (3.00–4.80) 4.00 (3.00–4.80) 3.83 (3.20–4.80)

Neutrophil to lymphocyte ratio (median, IQR) 2.69 (1.86–4.25) 2.61 (1.83–4.15) 3.38 (1.87–4.34)

ALBI, Albumin-Bilirubin; BCLC, Barcelona Clinic Liver Cancer; ECOG, Eastern Cooperative Oncology Group; TACE, Transarterial 
chemoembolization.
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was related to nivolumab (grade 3 diarrhea). Events of 
liver decompensation occurred in 18 (42.9%) patients 
during follow-up and were more frequent among patients 
receiving a liver-targeted dose (n=11, 61.1%) than a 
tumor-targeted dose (n=7, 38.9%), and correspondingly 
among patients receiving SIRT with a whole-liver or lobar 
extended design (n=8, 44.4%) vs a sublobar design (n=4, 
16.6%).

Nine IMAEs requiring steroids were reported in eight 
patients and are listed in online supplemental table S4. 
One patient permanently discontinued Nivolumab due 
to diarrhea while the other patients with IMAEs were able 
to resume it. No patient required treatment with immu-
nosuppressors other than corticosteroids.

HAEs that (A) were grade 3 or 4, (B) resulted in 
nivolumab dose delays or discontinuation, (C) were 
related to SIRT or to nivolumab, or (D) consisted in 
increased bilirubin or complications of cirrhosis, were 
observed more frequently in patients with ALBI grade 
2 at baseline (table  4). As the volume of SIRT-targeted 
liver increased from sublobar to lobar or whole-liver 
SIRT, the proportion of patients with HAEs related to 
SIRT also increased, but the incidence of HAEs resulting 
in nivolumab dose delays or discontinuation was similar 
between subgroups. When treatment-related AEs of any 
class resulting in nivolumab dose delays were considered 
(and not only HAEs), a similar proportion of patients had 
baseline ALBI grades 1 and 2 (62% and 47%, respectively).

Table 2  Summary of AEs

Patients with adverse 
events, no (%)*

Any grade Grade 3–4

All causality AEs 41 (98) 8 (19)

 � Treatment-related AEs 33 (79) 8 (19)

 � Related to SIRT 21 (50) 2 (5)

 � Related to nivolumab 
(IMAE)

27 (64) 6 (14)

All causality SAEs 21 (50) 11 (26)

 � Treatment-related SAEs 5 (12) 5 (12)

 � Related to SIRT 1 (2) 1 (2)

 � Related to Nivolumab 
(IMAE)

4 (9) 4 (9)

AEs of special interest with 
incidence >10%

 � Hepatic 30 (71) 8 (19)

 � Blood 16 (38) 0

 � Gastrointestinal 16 (38) 3 (7)

 � Skin 12 (29) 0

 � Endocrine 10 (24) 2 (5)

*AEs and SAEs are reported separately.
AE, adverse event; SAEs, serious AEs; SIRT, selective internal 
radiation therapy.

Table 3  Treatment-related adverse events related to SIRT 
or nivolumab

System organ class, 
preferred term

Patients with treatment-related 
adverse events, no (%)

Event Any grade
Grade 
3-5

Related to SIRT

Hepatobiliary disorders

 � Hyperbilirubinemia 8 (19) 1 (2)

 � ALT increased 1 (2) 0

 � AST Increased 1 (2) 0

Blood and lymphatic system disorders

 � Thrombocytopenia 7 (17) 0

 � Lymphopenia 1 (2) 0

Infections and infestations

 � Liver abscess 1 (2) 1 (2)

Gastrointestinal disorders

 � Ascites 1 (2) 0

General disorders

 � Fever 1 (2) 0

Vascular disorders

 � Hematoma 1 (2) 0

Related to nivolumab (IMAEs)

Hepatobiliary disorders

 � ALT increased 5 (12) 1 (2)

 � AST increased 6 (14) 1 (2)

 � Hyperbilirubinemia 2 (5) 0

 � Immune hepatitis 2 (5) 1 (2)

Endocrine disorders

 � Hypothyroidism 4 (10) 0

 � Thyroiditis 2 (5) 0

 � Hyperthyroidism 1 (2) 0

Skin and subcutaneous tissue disorders

 � Pruritus 4 (10) 0

 � Rash 3 (7) 0

 � Dermatitis 2 (5) 0

Gastrointestinal disorders

 � Diarrhea 2 (5) 1 (2)

Blood and lymphatic system disorders

 � Anemia 2 (5)

Metabolism and nutrition disorders

 � Diabetes mellitus 1 (2) 1 (2)

 � Hyperosmolar 
nonketotic syndrome

1 (2) 1 (2)

Renal and urinary disorders

 � Renal impairment 1 (2) 1 (2)

 � Tubulointerstitial 
nephritis

1 (2) 1 (2)

Continued

https://dx.doi.org/10.1136/jitc-2022-005457
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Efficacy
As per investigator assessment, complete and partial 
responses were observed in 5 and 12 patients, respec-
tively, accounting for an ORR of 41.5% (95% CI 26.3% to 
57.9%). Stable disease was the best overall response in 21 
patients accounting for a DCR of 92.7% (95% CI 80.1% 
to 98.5%). No patient or tumor baseline characteristic, 
including prior TACE or Sorafenib, was associated with 
relevant differences in ORR, although responses were 
more frequent when Y90 activity was calculated based on 
a tumor-targeted dose (online supplemental table S5). 
Median time to response was 9 weeks (range 1–50 weeks) 
and median DoR was 31 weeks (range 6–109 weeks). 
Eleven (26.8%) patients had ongoing responses at the 
time of analysis. The waterfall plot of changes in target 
lesions is shown in online supplemental figure S1.

During the follow-up, 28 patients experienced disease 
progression, and 27 patients died. First progression was 
in form of growth of pre-existing lesions in 9 patients, 
new intrahepatic lesions in 10, and new extrahepatic 
lesions in 9. Median TTP was 8.8 months (95% CI 7.0 to 
10.5) (figure  2). There was tendency to a shorter TTP 
among patients with vascular invasion, alpha-fetoprotein 
(AFP)>400 ng/mL or liver-targeted dose that was statisti-
cally significant only for AFP >400 ng/mL (online supple-
mental table S6 and figures S2–S4). Median PFS was 9.0 
months (95% CI 7.0 to 10.9) (online supplemental figure 
S5).

Median OS was 20.9 months (95% CI 17.7 to 24.1) 
(figure  3). A trend was observed toward shorter OS 
among patients with AFP >400 ng/mL or liver-targeted 
dose that was significant for the former (online supple-
mental table S6 and figure S6 and S7).

DISCUSSION
To our knowledge, this is the first full report of a 
prospective evaluation of the combination of SIRT and 
nivolumab in a cohort of patients with HCC free from 
extrahepatic metastasis. The combination showed a toler-
able safety profile with no signs of synergistic toxicity, and 
promising ORR, TTP, and OS. SIRT has shown a favor-
able safety profile and antitumor activity in retrospective 

and prospective cohorts of patients with intermediate 
through advanced stage HCC including those with too 
many or too large tumors, a wide range of patterns of 
PVI, or in progression to TACE.6 19 20 A recent publica-
tion has described the effects of this same combination 
in a more heterogenous and advanced group of HCC 
patients including a substantial number of patients with 
extrahepatic disease.21 Indeed, authors concluded that 
the strategy should be further evaluated in patients with 
HCC ineligible for TACE and patients with advanced 
stage but without extrahepatic spread. In NASIR-HCC, 
we established such stringent patient selection criteria to 
help define the safety and potential efficacy of SIRT and 
nivolumab in a homogeneous population that could be 
the target for future controlled clinical trials, excluding 
those patients with limited tumor burden where SIRT 
would be a radical therapy, and also those with extrahe-
patic metastasis where a locoregional therapy will unlikely 
have any benefit. The similar safety profile and OS in the 
two subgroups of patients in the BCLC-B2 substage and 
limited PVI supports our choice as a reasonable target 
population.

Nivolumab has demonstrated a good safety profile 
and relevant activity in patients that were mostly in the 
advanced stage.12 22 Yet, when tested against sorafenib as 
first-line therapy in advanced HCC a superior OS was not 
shown.23 The safety of the combination with SIRT was 
acceptable and there were no signs of new or synergistic 
liver or lung toxicity, the main organs with overlapping 
AEs. This is in line with the finding that administra-
tion of an ICI within 90 days following external irradia-
tion was not associated with an increased risk of SAEs.24 
The most frequent AEs were those expected from SIRT 
(thrombocytopenia, asthenia, and increased bilirubin) 
or nivolumab (diarrhea, asthenia, increased transami-
nases, or pruritus). SIRT-related AEs caused nivolumab 
discontinuation in only two patients. Patients with worse 
liver functional reserve in ALBI grade 2 at baseline had 
higher rates of HAEs but not AEs of any class resulting in 
Nivolumab delays or discontinuation.

Regarding efficacy, data from prospective trials using 
SIRT in HCC can provide a reasonable perspective to assess 
the outcomes observed in this trial. Reported median PFS 
and OS in trials including patients considered unsuit-
able for TACE were 4.1 and 8.0 months, respectively, in 
the SARAH trial,25 and 5.8 and 8.8 months SIRVENIB 
trial.8 In randomized trials comparing SIRT versus TACE 
among patients suited for TACE, median PFS and OS 
ranged from 3.6 and <12 months in the SIRTACE trial18 
to 6 and 19.7 months in a German trial.26 Median PFS at 
9 months and median OS at 20.9 months in NASIR-HCC 
are consistently higher and suggest enhanced activity of 
the combination of SIRT with nivolumab. When consid-
ering only the BCLC-B2 substage, again the 10.6 months 
median PFS observed in this trial compares well with the 
6.2 months reported in a multicenter retrospective series 
of SIRT-treated patients.27 Response to SIRT is usually 
delayed for several months28 and the median time to 

System organ class, 
preferred term

Patients with treatment-related 
adverse events, no (%)

Event Any grade
Grade 
3-5

 � Blood creatinine 
increased

1 (2) 0

Musculoskeletal and connective tissue disorders

 � Back pain 1 (2) 0

ALT, alanine aminotransferase; AST, aspartate aminotransferase; 
SIRT, selective internal radiation therapy.

Table 3  Continued

https://dx.doi.org/10.1136/jitc-2022-005457
https://dx.doi.org/10.1136/jitc-2022-005457
https://dx.doi.org/10.1136/jitc-2022-005457
https://dx.doi.org/10.1136/jitc-2022-005457
https://dx.doi.org/10.1136/jitc-2022-005457
https://dx.doi.org/10.1136/jitc-2022-005457
https://dx.doi.org/10.1136/jitc-2022-005457
https://dx.doi.org/10.1136/jitc-2022-005457
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response of 9 weeks observed in this study is certainly 
shorter than what would be expected from SIRT alone. 
The high DCR at 93% was strongly influenced by the first 
evaluation of tumor response 3 weeks after SIRT, an early 
time point when most tumors are expected to remain 
stable.

Several studies have demonstrated that delivering a 
high dose of radiation to the tumor compartment is key 
to obtain a good long-term outcome after SIRT.20 29 The 
data from NASIR-HCC point in the same direction and 
highlight the importance of treatment design and activity 
calculation in maximizing the effectiveness of SIRT.

Immune checkpoint inhibitors in combination with 
other therapies may provide a clinical benefit for 
advanced HCC patients naïve to systemic therapy. Atezoli-
zumab plus bevacizumab has become a standard of 
care3 after proving superior OS and PFS compared with 
sorafenib.30 Improved OS and PFS benefits with the anti-
PD-1 Sintilimab plus a Bevacizumab biosimilar was also 
shown in HBV-associated HCC.31 More recently, tremeli-
mumab plus durvalumab has shown superior OS and 
PFS32 versus sorafenib. However, combinations come with 
more strict inclusion criteria compared with anti-PD-1/
PD-L1 monotherapies, particularly for patients with 
cardiovascular comorbidities. SIRT plus nivolumab could 
be a valuable alternative for this subgroup of patients 
lacking an evidence-based recommended therapy.

Limitations
The single-arm design of the study should prompt 
caution in the interpretation of results compared with 
other prospective and retrospective cohorts, in partic-
ular with those large randomized trials that included 
patients in more advanced stages like SARAH, SIRveNIB 
and SORAMIC.8 25 33 Performing all SIRT procedures in 
a single center minimizes the effect of different levels of 
expertize across centers but may impact the reproduc-
ibility of the results.

Conclusions
The NASIR-HCC trial has shown that the combination 
of SIRT with SIR-Spheres resin microspheres, followed 
by nivolumab was safe and active as first-line therapy of 
patients with locally advanced HCC ineligible for TACE, 
where SIRT alone has failed to prove superiority over the 
standard of care. The high DCR, prolonged TTP, and 
encouraging OS suggest that the combination could be 
an option for this population and should be tested in a 
phase 3 controlled trial.
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Figure 2  Kaplan-Meier plot of time to progression (TTP) per 
Investigator assessment. TTP rates at 1 and 2 years were 
58% and 65%, respectively. SIRT, selective internal radiation 
therapy.

Figure 3  Kaplan-Meier plot of overall survival (OS). OS rates 
at 1 and 2 years were 74% and 41%, respectively. SIRT, 
selective internal radiation therapy.
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