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The safety and efficacy of 166Ho radioembolization was first deter-
mined in the HEPAR and HEPAR II studies, which, however, excluded
patients with hepatocellular carcinoma (HCC). The aim of this prospec-
tive clinical early phase II study was to establish the toxicity profile of
166Ho radioembolization in patients with measurable, liver-dominant
HCC; Barcelona clinic liver cancer stage B or C; a Child–Pugh score of
no more than B7; and an Eastern Cooperative Oncology Group perfor-
mance status of 0–1 without curative treatment options.Methods: The
primary endpoint was a rate of unacceptable toxicity defined as grade
3 hyperbilirubinemia (Common Terminology Cancer Adverse Events,
version 4.03) in combination with a low albumin or ascites level in the
absence of disease progression or treatment-related serious adverse
events. Secondary endpoints included overall toxicity, response, sur-
vival, change in a-fetoprotein, and quality of life. Thirty-one patients
with Barcelona clinic liver cancer stage B (71%) or C (29%) HCC were
included, mostly multifocal (87%) or bilobar (55%) disease. Results:
Common grade 1 or 2 clinical toxicity included fatigue (71%), back
pain (55%), ascites (32%), dyspnea (23%), nausea (23%), and abdom-
inal pain (23%), with no more than 10% grade 3–5 toxicity. Grade 3
laboratory toxicity (.10%) included an aspartate transaminase and
g-glutamyltransferase increase (16%), hyperglycemia (19%), and lym-
phopenia (29%). Treatment-related unacceptable toxicity occurred in
3 of 31 patients. At 3 mo, 54% of target lesions showed a complete or
partial response according to modified RECIST. Median overall sur-
vival was 14.9 mo (95% CI, 10.4–24.9 mo). No significant changes in
quality of life or pain were observed. Conclusion: The safety of 166Ho
radioembolization was confirmed in HCC, with less than 10% unac-
ceptable toxicity. Efficacy data support further evaluation.
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The treatment landscape for patients with hepatocellular carci-
noma (HCC) consists of transplantation, resection, locoregional

treatment options (including ablation, transarterial chemoemboli-
zation, and radioembolization), and systemic treatment options
(targeted therapy and immunotherapy) (1–3). Despite therapeutic
advances, prognosis remains poor. Only a minority of patients is
eligible for curative treatment (e.g., transplantation, resection, and
in some cases ablation). 90Y radioembolization is often used in
selected patients with HCC without curative treatment options (4).
Microspheres loaded with 166Ho have been commercially available

since 2015 (QuiremScout and QuiremSpheres; QuiremMedical B.V.).
166Ho is a high-energy b-emitting isotope with a maximum energy of
1.85 MeV (50.0%) and 1.77 MeV (48.7%), comparable to the
2.28MeV for 90Y but with a half-life of 26.8 h, which is approximately
half that of 90Y (i.e., 64 h). The main advantage over 90Y is the abun-
dance of g-photons (81 keV, 6.7%) that can be used for SPECT/CT
imaging (5). Furthermore, because the lanthanide 166Ho has paramag-
netic properties, MRI can also be used to image the distribution in the
liver and quantify the absorbed dose in the tumors (6). These unique
characteristics improve pre- and posttherapeutic imaging options,
enabling dosimetry-based individualized treatment planning. The
mean diameter of 166Ho-microspheres is 30 mm, with a range of 15–
60mm, comparable to both types of 90Y-microspheres. The density of
166Ho-microspheres is 1.4 g/cm3, which is comparable to the density
of resin 90Y-microspheres but lower than glass 90Y-microspheres.
The safety and efficacy of 166Ho radioembolization was first de-

termined in the HEPAR and HEPAR II studies in patients with liver
metastases of different types of cancer origin, excluding HCC (7,8).
The aim of this clinical early phase II study was to establish the
safety and toxicity profile of 166Ho radioembolization in patients
with HCC.

MATERIALS AND METHODS

Study Population and Design
The HEPAR Primary study (NCT03379844) was a multicenter inter-

ventional, nonrandomized, noncomparative open-label early phase II
study in patients with Barcelona clinic liver cancer (BCLC) stage B or
C HCC, treated between January 28, 2018, and February 18, 2020. The
study protocol was approved by the independent Medical Ethics Com-
mittee and was performed in accordance with good clinical practice and
the declaration of Helsinki. All participants provided written informed
consent.

The main inclusion and exclusion criteria were an age of at least 18 y
with a life expectancy of at least 6 mo, a diagnosis of HCC according to
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the criteria of the American Association for the Study of Liver Disease
(9), a measurable lesion based on RECIST (RECIST 1.1 and mRE-
CIST), liver-dominant disease (a maximum of 5 lung nodules, all
# 1.0 cm, and mesenteric or portal lymph nodes, all# 2.0 cm), no cura-
tive treatment options, a Child–Pugh score of B7 or less, an Eastern
Cooperative Oncology Group (ECOG) performance status of 0 or 1, no
prior radioembolization, and no main-branch portal vein thrombosis.

Study Procedures
All patients were discussed by a multidisciplinary oncology board.

Screening consisted of laboratory and physical examination, contrast-
enhanced liver CT, liver MRI, hepatobiliary scintigraphy, and endos-
copy of the upper gastrointestinal tract.

Patients received ondansetron, 8 mg, and dexamethasone, 10 mg,
intravenously 1 h before angiography. Ursodeoxycholic acid, 300 mg
twice daily, was given for 2 mo; prednisolone was given at a dose of
10 mg daily for the first month and 5 mg daily for the subsequent
month (2 mo total), to reduce the chance of radioembolization-induced
liver disease; and pantoprazole, 40 mg daily, was given for 6 wk (10).

A sheath was placed in the common femoral or radial artery, and a
microcatheter was placed in the tumor-feeding artery or arteries. C-arm
CT was performed at each intended target position. Then, a scout dose
of 166Ho-microspheres was administered for treatment simulation
(QuiremScout, 250 MBq, �3 million microspheres). The sheath stayed
in situ during SPECT/CT imaging. Patients received treatment via a
microcatheter at exactly the same position during a second angiography
the same day.

The intended average absorbed dose in the perfused volume was
60Gy: A (MBq)5 3.7813W (g), where A is the prescribed activity in
megabecquerels andW is the target liver mass in grams (1mL5 1.04g)
(7,8). Approximately 24 h after treatment, MRI was performed and the
patients were discharged. Three to 5 d after treatment, the patients came
back for posttreatment SPECT/CT. This scan was delayed to prevent
detector dead time caused by the abundance of g-photons (5).

Posttreatment follow-up at 3 and 6 wk and at 3 and 6 mo included
blood and physical examinations, questionnaires, hepatobiliary scintig-
raphy (at 3 mo), and MRI (at 3 and 6 mo) (Supplemental Table 1; sup-
plemental materials are available at http://jnm.snmjournals.org).
Adverse events were assessed according to the Common Terminology
Criteria for Adverse Events (CTCAE), version 4.03. Furthermore, dur-
ing screening, shortly after treatment, and during follow-up, the core
30 and HCC 18-question module quality-of-life questionnaires of the
European Organization for Research and Treatment of Cancer were
used, as well as the brief pain inventory (short form).

Two independent radiologists who were not involved in the study
proceedings performed masked random response assessment. In cases
of discordance, a third radiologist was consulted to determine the final
response category.

Quarterly interim safety analyses were presented to an independent
data safety monitoring board.

Endpoints
The primary endpoint was the rate of unacceptable toxicity using

CTCAE methodology, which was defined as grade 3 hyperbilirubine-
mia in combination with ascites and low albumin in the absence of
disease progression (i.e., radioembolization-induced liver disease) or
any serious adverse event or serious device defect possibly, probably,
or causally related to treatment. Secondary endpoints included treat-
ment efficacy, liver function, and quality of life. Dosimetric evaluation
of pre- and posttreatment imaging fell outside the scope of this study.

Statistical Analysis
As a null hypothesis, it was assumed that the probability of unac-

ceptable toxicity was 10% and that the alternative was a probability of

unacceptable toxicity of 25%. Unacceptable toxicity of 10% or less was
considered acceptable and 25% or more was not. Consequently, a sam-
ple size of 30 patients was deemed appropriate. Statistical power (85%)
quantified the probability of stopping the study early if toxicity was
unacceptably high (type II error, 15%), which was arguably equally as
important as wrongly stopping the study in the absence of true high tox-
icity (type I error, 15%), in line with previous reports (7,8).

The results shown are based on the per-protocol set, comprising
patients who received both scout and therapeutic 166Ho-microspheres.
Overall survival was calculated from the date of treatment until the
date of death by any cause or the end of registration (January 1, 2022).
Kaplan–Meier curves and log-rank tests were used to evaluate overall
survival. Responders (complete or partial response) and nonresponders
(progressive or stable disease) were compared using landmark analysis
with first and second response assessment. Variables with a 2-sided
P value of less than 0.05 were deemed significant. Statistical analyses
were performed using RStudio, version 1.2.5019.

RESULTS

From December 15, 2017, until January 22, 2020, 41 patients
were included in the study. Eight patients failed screening because
of main-branch portal vein thrombosis (n 5 2), rapid tumor pro-
gression (n 5 2), alternative treatment (n 5 1), dismal liver func-
tion (n 5 1), low glomerular filtration rate (n 5 1), or worsened
ECOG performance status (n5 1). Two additional patients discon-
tinued the study because of a significant lung shunt or because they
chose an alternative treatment. In total, 31 patients were treated
with a scout and therapeutic dose of 166Ho-microspheres (Fig. 1).
Baseline patient characteristics are given in Table 1. No cases with

cavernous transformation were present. One patient previously under-
went hemihepatectomy (right) followed by radiofrequency ablation
of segments 2 and 3. One patient underwent resection of segments 6
and 7 and then underwent hemihepatectomy (right) followed by
microwave ablation of segment 4, transarterial chemoembolization,

FIGURE 1. Flow diagram showing initial number of patients and those
excluded for any given reason.
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and wedge resection of segment 2. One patient underwent resection
of segments 5 and 6 and microwave ablation of segment 4a. One
patient underwent resection of segments 4b and 5. Finally, 1 patient
previously underwent radiofrequency ablation of segments 6 and 7.
Treatment characteristics are summarized in Table 2. Unilobar

treatment was performed in 20 of 31 (64%) patients, bilobar treat-
ment (i.e., with at least 1 segment preserved) in 9 of 31 (29%), and
whole-liver treatments in 2 of 31 (6%). Seven patients received a
dose adjustment (median, –45%; range, –24%–56%) because of low
hepatic function based on hepatobiliary scintigraphy (n5 4) or a per-
procedural deviation from the planned treatment strategy (n 5 3).
The median absorbed dose to the target volume was 56 Gy
(range, 27–90 Gy), and 23 patients received their intended dose.
Twenty-eight patients received 1-d treatment. Three patients were
treated at an interval of 7 d (n 5 1), 35 d (reversible renal dysfunc-
tion, n 5 1), or 168 d (malfunctioning aortic valve necessitating
transarterial valve insertion first, n5 1). Median treatment efficiency
(prescribed vs. net administered activity) was 95% (range, 74%–
100%). On the basis of SPECT/CT imaging, the median anticipated
lung dose resulting from shunting was 1 Gy (range, 0–16 Gy).
According to CTCAE, 120 laboratory-value adverse events

were recorded, with no grade 4–5 events (Table 3). Furthermore,
168 clinical adverse events were observed, ranging from grades
1 to 5 (Table 4; Supplemental Tables 2 and 3). Most patients expe-
rienced a grade 1 or 2 increase in liver enzymes, with a maximum
aspartate transaminase increase of grade 3 in 5 of 31 (16%) pa-
tients. However, the dynamic trajectory of these changes during
6 mo of follow-up did not show a clear peak or slope. Other than
the expected lymphopenia, grade 2 or higher hematologic toxicity
rarely occurred. Patients with type II diabetes mellitus (n 5 14)
experienced a high number of hyperglycemic adverse events,
probably because of medication after treatment (i.e., steroids). Six-
teen patients experienced grade 1 and 1 patient grade 2 back pain
on the day of treatment, as they had to hold a supine position
while undergoing a 1-d procedure.
Nineteen serious adverse events occurred, of which 4 events in

3 patients were related to treatment (3 possibly related and 1 defi-
nitely related). Two of these treatment-related events were from
spontaneous bacterial peritonitis (both originated approximately
12 wk after treatment). One patient died of the infection after 1 d
(treated with intravenous antibiotics), and the other patient recov-
ered after 5 d (treated with intravenous and oral antibiotics). The
third patient, with BCLC stage B, multifocal HCC, an ECOG per-
formance status of 0, and previous treatment with resection and
microwave ablation, experienced radiation-induced cholecystitis
and cholangitis 1 mo after treatment, which developed into a bili-
ary fistula (grade 3 bilirubin increase) and finally stabilized after
endoscopic intervention. His liver function and clinical perfor-
mance gradually declined until his death 1 y after treatment. Unre-
lated serious adverse events occurred more often in BCLC stage C
patients (5/9 [56%]) than in BCLC stage B patients (4/22 [18%],
P 5 0.036). The treatment approach (i.e., uni- vs. bilobar) or pre-
vious liver-directed surgery could not be identified as a predictor
of toxicity.
The medianmodel-for-end-stage-liver-disease score was 9 (range,

6–16) at baseline and worsened to 10 (range, 7–20) at 6 mo after
treatment. During 6 mo of follow-up, Child–Pugh scores fluctuated
(Fig. 2). The 3 patients who experienced worsening of Child–Pugh
score by 3 or 4 points (besides the patient with biliary fistula) had
proven progression of disease. These patients received unilobar
treatments and showed no signs of radioembolization-induced liver

TABLE 1
Baseline Characteristics of HEPAR Primary Patients (n 5 31)

Characteristic Data % or range

Sex

Female 3 10

Male 28 90

Age (y) 73 44–85

Cirrhosis on imaging 20 65

Underlying liver disease*

Alcohol abuse 20 65

Hepatitis B 1 3

Hepatitis C 4 13

Nonalcoholic fatty liver disease 3 10

Hemochromatosis 2 4

None of above 6 20

BCLC

B 22 71

C 9 29

Bilirubin (mmol/L) 12 4–29

Albumin (g/L) 38.5 31–41.9

International normalized ratio 1.22 0.94–1.94

Thrombocytes (3109/L) 132 75–464

Child–Pugh score

A5 19 61

A6 9 29

B7 3 10

Model-for-end-stage-liver-disease score 9 6–16

ECOG performance status

0 18 58

1 13 42

Extrahepatic lesions

None 27 87

Adrenal glands 4 13

Portal hypertension

Thrombocytes , 150 18 58

Varices

Small 9 29

Large 2 6

Imaging 14 45

Portal vein thrombosis 6 19

Tumor thrombus 4 13

Nontumor thrombus 1 3

Mixed type 1 3

Bilobar disease† 17 55

Number of tumors

1 4 13

2–3 4 13

.3 23 74

Tumor burden (%) 9.3 0.5–46.8

Largest tumor diameter (mm) 56 15‡–195

Previous treatment¶

None 26 84

Resection 4 13

Ablation 4 13

Transarterial chemoembolization 1 1

*Some patients had more than 1 underlying liver problem.
†Only Liver Imaging Reporting and Data System 5 (definitely HCC) lesions were

considered.
‡Patient had more than 15 small lesions.
¶Some patients had more than 1 previous treatment.

Qualitative data are number and percentage; continuous data are median and

range.
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TABLE 2
Procedure Characteristics (n 5 31)

Characteristic Data % or range

Liver volume (mL) 1,941 1,036–3,460

Treated fraction (%) 54 16–100

Anticipated perfused volume average absorbed dose

Per protocol (60 Gy) 24 77

Dose adjustments 7 23

Actual perfused volume average absorbed dose (Gy) 50 23–69

Treatment approach; all in 1 session

Unilobar 20 64

Bilobar (excluding some segments) 9 29

Whole liver 2 6

Number of injection positions

1 15 48

2 16 52

Interval scout therapy (d) 0 0–168

Prescribed activity (MBq) 3,998 1,080–11,451

Net administered activity (MBq) 3,717 1,001–10,420

Treatment efficiency (%) 95 74–100

Lung shunt on SPECT/CT (Gy) 1 0–16

Qualitative data are number and percentage; continuous data are median and range.

TABLE 3
Laboratory Adverse Events According to CTCAE, Version 4.03

Adverse event Grade 1 Grade 2 Grade 3

AST increased 22/31 (71%) 2/31 (6%) 5/31 (16%)

Platelet count decreased 22/31 (71%) 1/31 (3%)

INR increased 22/31 (71%) 2/31 (6%)

AP increased 19/31 (61%) 5/31 (16%)

Anemia 16/31 (52%) 5/31 (16%) 2/31 (6%)

ALT increased 15/31 (48%) 2/31 (6%)

Hypoalbuminemia 14/31 (45%) 5/31 (16%) 1/31 (3%)

Prolonged APTT 13/31 (42%) 2/31 (6%)

Hyponatremia 12/31 (39%) 3/31 (10%)

Hypokalemia 9/31 (29%)

Hyperglycemia 9/31 (29%) 13/31 (42%) 6/31 (19%)

Creatinine increased 7/31 (23%) 1/31 (3%)

Bilirubin increased 6/31 (19%) 4/31 (13%) 1/31 (3%)

GGT increased 5/31 (16%) 9/31 (29%) 14/31 (45%)

Hypoglycemia 3/31 (10%)

Lymphopenia 1/31 (3%) 13/31 (42%) 9/31 (29%)

AST 5 aspartate transaminase; INR 5 international normalized ratio; AP 5 alkaline phosphatase; ALT 5 alanine transaminase; APTT5
activated prothrombin time; GGT 5 g-glutamyltransferase.

This table represents new and highest toxicity during 6-mo follow-up. No laboratory adverse events grade 4 or 5 were observed.
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disease during the first 3 mo after treatment. Two other patients died
of progressive disease and hepatic failure within 6 mo (considered
unlikely to be related to treatment). Stratification per Child–Pugh
score or ECOG performance status did not show any significant
differences.
Twenty-six patients were evaluable according to mRECIST at

3 mo (2 died, 3 had insufficient imaging quality), and 19 patients
were evaluable at 6 mo (2 more died, 3 left the study because of
disease progression, 2 were lost to follow-up).
Independent review of the target liver lesions on MRI at 3 mo

after treatment found, according to mRECIST, that 19% had a
complete response, 35% a partial response, 42% stable disease,
and 4% progressive disease (Figs. 3 and 4). A variable response
specifically by the tumor thrombus in the portal vein was observed
in 5 patients: 1 complete response, 1 partial response, 2 stable dis-
ease, and 1 lost to follow-up.
Five patients started sorafenib treatment, and 4 patients received

immunotherapy after study treatment. Median overall survival
was 14.9 mo (95% CI, 10.4–24.9 mo) (Fig. 5). The median post–
landmark analysis overall survival of patients with either a com-
plete or partial response of the total body according to mRECIST

at 3 mo was 16.6 mo (95% CI, 8.72 mo–not reached); it was 13
mo for nonresponders (95% CI, 8.95 mo–not reached, P 5 0.48).
The median overall survival of responders based on target liver
lesions was not reached; for nonresponders, it was 12.8 mo (95%
CI, 4.72–not reached, P 5 0.046) (Supplemental Fig. 1).
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FIGURE 2. Child–Pugh score development over time.

TABLE 4
Clinical Adverse Events Occurring in More Than 10% Patients or Grade 3–5 According to CTCAE, Version 4.03

Adverse event Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

Back pain 16/31 (52%) 1/31 (3%)

Fatigue 13/31 (42%) 4/31 (13%)

Ascites 7/31 (23%) 2/31 (6%) 1/31 (3%)

Dyspnea 7/31 (23%)

Nausea 6/31 (19%) 1/31 (3%)

Abdominal pain 4/31 (13%) 2/31 (6%) 1/31 (3%)

Dizziness 4/31 (13%)

Edema limbs 4/31 (13%) 1/31 (3%)

Fever 4/31 (13%)

Hepatic pain 4/31 (13%)

Itch 3/31 (10%) 1/31 (3%)

Abdominal infection 1/31 (3%)

Allergic reaction 1/31 (3%)

Arthritis 1/31 (3%)

Atrial fibrillation 1/31 (3%)

Bile duct stenosis 1/31 (3%)

Biliary fistula 1/31 (3%)

Cholecystitis 1/31 (3%)

Endocarditis infective 1/31 (3%)

Esophageal varices hemorrhage 2/31 (6%)

Gastric hemorrhage 1/31 (3%)

Hepatic failure 2/31 (6%)

Hip fracture 1/31 (3%)

Intracranial hemorrhage 1/31 (3%)

Ischemia cerebrovascular 1/31 (3%)

Lung infection 1/31 (3%)

Sepsis 1/31 (3%)

This table represents new and highest toxicity during 6-mo follow-up.
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The median a-fetoprotein level was 20 mg/L (range, 2.0–
240,000 mg/L) at baseline, with a median nadir of 6.6 mg/L (range,
2.0–120,000 mg/L; 67% decrease). At baseline, median liver func-
tion based on hepatobiliary scintigraphy was 5.3%/min/m2 (range,
2.0%–8.7%/min/m2), and 3 mo after treatment it was 4.4%/min/m2

(range, 1.8%–9.2%/min/m2) (P5 0.36).
No clinically relevant change in quality of life (Supplemental

Fig. 2) or pain (Supplemental Fig. 3) was observed.

DISCUSSION

This first (to our knowledge) prospective study on 166Ho-micro-
sphere radioembolization in HCC confirmed safety. During and
after 166Ho-microsphere radioembolization, quality of life was
maintained, and pain and toxicity were mild and manageable. Fur-
thermore, a pronounced antitumor effect was found.
A low-activity scout dose of 166Ho-microspheres—limited enough

not to cause tissue damage—can be used instead of the commonly
used scout dose of 99mTc-macroaggregated albumin particles
(99mTc-MAA) (11). In contrast to 99mTc-MAA, the scout dose of
166Ho-microspheres is not administered as a bolus injection, but
slowly. The extrahepatic (i.e., lung shunting) and intrahepatic dose
distribution can be predicted more accurately than for 99mTc-MAA
(12,13). A scout dose of 166Ho-microspheres was superior, with a
median score of 4, versus 2.5 for 99mTc-MAA (P , 0.001; visually
assessed from 1 to 5), which was confirmed in a quantitative

analysis. In contrast, in the SARAH trial, in which 99mTc-MAA was
used as a scout, only 52% “optimal agreement” between pretreat-
ment 99mTc-MAA distribution and posttreatment resin 90Y-micro-
sphere distribution was found (14).
The specific activity of 166Ho-microspheres (i.e.,6340 Bq/sphere)

is higher than that of resin 90Y-microspheres (i.e.,650 Bq/sphere)
and lower than that of glass 90Y-microspheres (i.e.,61,250–2,500
Bq/sphere). At lower specific activities, a higher number of micro-
spheres needs to be injected to reach the same absorbed dose. This is
reflected in the relatively high incidence of adverse events related to
the postembolization syndrome in the current study (e.g., pain [22%],
nausea [22%], and fatigue [55%]). Moreover, differences in product
characteristics will translate to different dose thresholds with regard to
safety and efficacy, because of differences in dose distributions (15).
For 166Ho radioembolization in HCC, these dose thresholds need to be
established for patient selection and treatment planning. In 36 patients
with a total of 98 tumors of different metastatic origins, a significant
difference was found between patients with complete or partial
response (210 Gy; 95% CI, 161–274 Gy) and patients with progressive
disease (116Gy; 95% CI, 81–165 Gy) (16). Additionally, dose

FIGURE 3. An 85-y-old patient with HCC, no underlying liver disease,
and no previous treatment (ECOG performance status 1, Child–Pugh
score A5, BCLC stage B) with large hypervascular tumor spanning
segments 4–8 (A, axial contrast-enhanced MRI) that had multiple tumor-
feeding vessels from right hepatic artery (B, digital subtraction angiogra-
phy). He received 166Ho-microsphere scout procedure and SPECT (C),
which showed good targeting of tumor. Scout procedure proved highly
predictive for posttreatment 166Ho-microsphere distribution (D) and
resulted in complete response of target liver lesions at 3 mo (E, axial con-
trast-enhanced MRI) and 6 mo (F, axial contrast-enhanced MRI).

FIGURE 4. Response assessment of target liver lesions at 3 and 6 mo
after treatment with 166Ho-microsphere radioembolization according to
mRECIST. Some patients did not undergo imaging at 3- or 6-mo follow-
up because of death (n 5 2 and 8, respectively) or withdrawn consent
(n 5 2 or 0, respectively). Some patients were not evaluable because of
absence of arterial enhancement of tumor or low-quality imaging (e.g.,
artifacts or breathing motion) (n5 3 and 2, respectively).

FIGURE 5. Overall survival of HEPAR Primary patients.
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thresholds were confirmed in colorectal cancer, also looking at safety
thresholds for nontumorous liver tissue. The median parenchyma-
absorbed dose was 37 Gy (range, 12–55 Gy). The mean difference in
parenchyma-absorbed dose for patients with CTCAE grade 0–2 versus
CTCAE grade 3–5 was 12 Gy (95% CI, 3.4–19.7; P 5 0.0070) (17).
For HCC patients, however, separate dose thresholds will need to be
established, including considerations with regard to treatment intent
(i.e., palliative setting as in the current setting vs. potential curative set-
tings: radiation segmentectomy and lobectomy) (18,19).
These dosimetric considerations should be balanced with base-

line patient characteristics such as laboratory values, Child–Pugh
status, performance score, and BCLC stage. Because of the rela-
tively low number of patients in the current study, no definite con-
clusions could be drawn on patient selection. At the same time,
differences in patient characteristics between studies also limit
direct comparison. The SARAH, SIRveNIB, and SORAMIC ran-
domized controlled trials on resin 90Y-microsphere radioemboliza-
tion (14,20–23), and the DOSISPHERE-01 study on glass
90Y-microsphere radioembolization (24), included more advanced-
stage C BCLC, limiting toxicity and efficacy comparison. Never-
theless, a 23% rate of adverse events grade 3 or higher, a median
overall survival of 14.9 mo, and a 3-mo response rate of 54% in the
present study seem favorable. In the SARAH, SIRveNIB, and SOR-
AMIC trials, adverse events of grade 3 or higher were observed in
27%, 28%, and 25% of the patients, respectively. The best overall
response rate in the SARAH trial was 19%, the reported best tumor
response in the SIRveNIB trial was 23.1%, and tumor response was
not analyzed in the SORAMIC trial. The objective response rate
was 35.7% in the patients in the DOSISPHERE-01 study, whose
treatment was based on a predefined average absorbed dose in the
perfused volume, as was used in the present study.
One of the limitations of this study was the relatively limited

number of patients and the heterogeneous patient and disease char-
acteristics, besides the fact that the study had a noncomparative
design. In the current study, radioembolization treatment planning
was performed according to a standard approach, regardless of
tumor and functional liver dosimetry (25). A single-day treatment
approach is beneficial from a patient perspective with regard to
number of hospital visits, preparation, and recovery (24,26). How-
ever, a single-day treatment strategy does not allow for dosimetry-
based treatment planning since patient-specific treatment activity
needs to be preordered. Another limitation was that the methods
used for response evaluation (modified RECIST [mRECIST])
have inherent limitations (e.g., local vs. systemic evaluation, rela-
tion to overall survival), but contrast enhancement on MRI may
also be hampered by holmium-induced artifacts, since 166Ho-
microspheres cause loss of signal on T1-weighted MRI scans and
make it more difficult to measure viable tumor (6).
Concomitant use of different therapies in patients with HCC is of

special interest, such as adjuvant immunotherapy after resection or
ablation to decrease the chance of recurrence (27). But also of inter-
est is the combination of immunotherapy with other local or
regional treatment options, including transarterial chemoemboliza-
tion and radioembolization (28,29). These combined approaches
are expected to cause more toxicity, which may be seen as a clear
call for more control. Radioembolization may offer that control by
offering dosimetry-based individualized treatment planning. 166Ho-
microsphere radioembolization offers the unique combination of
procedural control and individualized treatment by using a predictive
scout dose of the exact same 166Ho-microspheres and performing

treatment planning based on accurate dosimetry (12). However, dose
thresholds for an effective tumor-absorbed dose and a safe functional
liver-absorbed dose need to be established in larger series.

CONCLUSION

This interventional, nonrandomized study showed an acceptable
low rate of 166Ho radioembolization–related serious toxicity (3/31
patients;,10%) in patients with HCC. Furthermore, 54% of tumor
lesions showed a response (mRECIST) at 3 mo after treatment.
166Ho radioembolization may be considered a safe and effective
alternative treatment option in selected patients with HCC of BCLC
stage B or C.
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KEY POINTS

QUESTION: Is 166Ho radioembolization a safe treatment option
for patients with HCC?

PERTINENT FINDINGS: This interventional, nonrandomized study
showed an acceptably low rate of 166Ho radioembolization–related
serious toxicity (3/31 patients; ,10%) in patients with HCC.
Furthermore, 54% of tumor lesions showed a response
(mRECIST) at 3 mo after treatment.

IMPLICATIONS FOR PATIENT CARE: 166Ho radioembolization
may be considered a safe and effective alternative treatment
option in selected patients with HCC of BCLC stage B or C.
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