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Proton 
Therapy for 

HCC

Proton therapy is not new! 
First patient treated in 1954

Extensive prospective data of proton 
therapy for HCC published over 
several decades

As a result, HCC is in one of only a 
few cancers most strongly endorsed 
by ASTRO to receive proton therapy



PROTON X-RAY



• 144 patients (72 PBT, 72 RFA)

• All other the baseline characteristics were similar

• ~90% had tumors <2 cm in both arms

• ~97% were CP-A in both arms

• Primary endpoint: 2-yr local control w/ 15% 
non-inferiority margin

92.8%

83.2%



My Thoughts

RFA is clearly a standard of care for smaller 
HCC

Proton therapy has been proven highly 
effective and safe
• Most cost-effective for especially large tumors in 

challenging anatomic locations
• When proton therapy should be preferred over SBRT for 

HCC remains debated; currently being evaluated in the 
NRG GI-003 randomized trial

• Can be useful in combination with other liver-directed 
therapies

with HCC larger than 10 cm of only 27%, 23.3%, and 9.6%,
respectively, when multimodality nonsurgical therapies were
used. In contrast, the overall survival rates at 1 year and
3 years after surgery are markedly better at 64% and 24.5%, re-
spectively. In our series, 21 of 22 patients were not suitable for
surgery because of liver impairment (n = 13), limited residual
liver volume (n = 2), intercurrent diseases (n = 4), and old
age (n = 2). However, because of improved dose localization
related to the Bragg peak properties of the proton beam, we
were able to safely deliver high doses of radiation (median,
72.6 GyE in 22 fractions) and achieve a high local control
rate of 87% during the limited observation period. On the basis
of these results, PBT seems to be a potential comparable, less-
invasive alternative to surgery for patients with large tumors
who are poor candidates for surgical resection.

Traditionally, radiotherapy has played a minor role in the
treatment of HCC because antiquated dose localization tech-
niques required the delivery of lower doses to larger volumes
and did not routinely achieve tumor eradication. However,
improvements in radiologic imaging and radiotherapy tech-
niques have made it possible to irradiate smaller, well-defined
targets within the liver. Emami et al. (42) estimated liver doses
associated with a 5% risk of RILD with uniform irradiation of
one third (D33), two thirds (D66), and the entire volume of the
liver (D100) at 50 Gy, 35 Gy, and 30 Gy, respectively. Law-
rence et al. (43) presented a normal tissue complication prob-
ability model and estimated D33, D66, and D100 to be 75 Gy, 45
Gy, and 35 Gy, respectively. According to this model, high-
dose radiotherapy up to 90 Gy can be delivered safely if a sub-
stantial part of normal liver is spared. In our study, D33, D66,
and D100 (dose equivalent if given in 2 Gy per fraction [a/b =
10]) were low at 30.1 GyE, 0.8 GyE, and 0 GyE, thereby
minimizing the risk of RILD.

Liang et al. (44) reported that a target volume greater than
500 mL is a risk factor for RILD, and the tolerance volumes
for 5 Gy (V5), 10 Gy (V10), 20 Gy (V20), 30 Gy (V30), and 40
Gy (V40) are 86%, 68%, 49%, 28%, and 20% of the normal
liver volume. For our patients, V0, V10, V20, V30, and V40, if
doses are calculated in 2 GyE per fraction equivalents, were
53%, 39.5%, 36%, 33.5%, and 23%, respectively. Our V0,
V10, and V20 values were sufficiently low, but V30 and V40

values were high compared with the tolerance volumes delin-
eated by Liang et al. Additionally, we delivered high doses to

large target volumes (median, 992 mL) yet found no evidence
of RILD.

The improved dose localization of sophisticated techniques,
such as intensity-modulated radiotherapy or stereotactic body
radiotherapy, permit dose escalation to tumor tissue with spar-
ing of surrounding functional liver (21, 44–46). However, these
doses are generally insufficient to eradicate very large lesions,
in which case PBT may be the radiotherapy modality of choice.

The majority of patients who develop HCC have concur-
rent hepatitis B virus and/or hepatitis C virus infections
(27). In this study, approximately half of the patients showed
no evidence of active viral infection. Therefore, these patients
may have fared better than their HCC counterparts in the gen-
eral population because of a relatively lower prevalence of
coexistent viral hepatitis.

Tateishi et al. (47) reported that tumor markers for HCC,
such as AFP or PIVKA-II, can complement imaging modal-
ities in the evaluation of treatment efficacy. In our study, tu-
mor marker levels in most patients markedly decreased
during PBT, suggesting a response to therapy.

A major limitation of the present investigation involves the
small number of patients treated over a protracted period.
Thus, additional studies incorporating large numbers of pa-
tients are necessary to more clearly define the role of PBT
in HCC greater than 10 cm in maximal dimension.

In the present cases, 20 of 22 had large hepatocellular car-
cinoma located adjacent to the porta hepatis. According to
our current protocols, we recommend a protocol of 72.6
GyE in 22 fractions to reduce the risk of bile duct stenosis
for large HCC except adjacent to the gastrointestinal tract.
If the tumor was located adjacent to the gastrointestinal tract,
we choose a protocol of 74.0 GyE in 37 fractions at present.

Recently novel regimens, such as systemic chemotherapy
and interferon and molecular targeted therapy, have im-
proved progression-free survival or overall survival in pa-
tients with HCC (48, 49). Further study will be necessary
to determine whether these strategies can be used in conjunc-
tion or in sequence with PBT to improve HCC outcomes.

CONCLUSION

Proton beam therapy is an effective and safe intervention for
patients with HCC greater than 10 cm in maximal dimension.

Fig 3. Typical dose distributions and dose–volume analyses.
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Purpose:  To examine outcomes when glass microspheres are used to treat early or advanced HCC

LEGACY: Local radioEmbolization using Glass Microspheres for 
the Assessment of Tumor Control with Y-90

Primary Endpoint: To assess confirmed local tumor control (ORR (objective response 
rate)) and Duration of Response (DoR) following treatment with Y-90 glass 

microspheres in patients with unresectable solitary HCC lesions

• Retrospective, single-arm, multi-center study conducted at 3 US sites

• Northwestern Feinberg School of Medicine, Chicago

• University of Washington, Seattle

• Mount Sinai Health System, New York
• Consecutive patients treated with Y-90 glass microspheres at each site

• Between January 2014 and December 2017
• Median follow-up of 29.9 months (95% CI: 24.7, 34.6)*

Salem R et al. "Yttrium-90 Glass Microspheres in the Treatment of Hepatocellular Carcinoma: The LEGACY Study," Hepatology. 2021 Mar 19.



Patient Characteristics Treated Population (N=162)
N (%)

Median age (range), years 66 (21-90)
≥ 18 to < 65 69 (42.6)
≥ 65 to < 75 64 (39.5)
≥ 75 29 (17.9)

Gender, male 123 (75.9)

HCC Etiology
HCV 112 (69.1)

Alcohol 48 (29.6)

NASH 23 (14.2)

HBV 15 (9.3)

Other/unknown 5 (3.1) 

ECOG Status
0 98 (60.5)
1 64 (39.5)

BCLC Status 
A 98 (60.5)
C 64 (39.5)

AFP ≥ 200 ng/mL 24 (14.8)

Treatment Characteristics Treated Population (N=162)
N (%)

Median Tumor Size (range), cm 2.6 (0.9-8.1)

Initial Y-90 Treatment Goal

Radiation segmentectomy 104 (64.2)

Radiation lobectomy 8 (5.0)

Bridge to liver transplantation 36 (22.2)

Other 1 (0.6)

Unknown 13 (8.0)

Type of Infusion
Selective 155 (95.7)

Lobar 3 (1.9)

Mixed 4 (2.5)

Absorbed dose to perfused liver volume (Gy), median, 
(IQR)

410.1 
(199.7, 797.7)

Number of TheraSphere Treatments
1 130 (80.2)

≥2 32 (19.8)

Baseline Characteristics 

Salem R et al. "Yttrium-90 Glass Microspheres in the Treatment of Hepatocellular Carcinoma: The LEGACY Study," Hepatology. 2021 Mar 19.



ORR: Objective Response Rate; DoR: Duration of Response; TTP: Time to Progression; PFS: Progression-Free Survival; CI: Confidence 
Interval; RECIST: Response Evaluation Criteria in Solid Tumors; mRECIST: modified Response Evaluation Criteria in Solid Tumors
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% patients without  
localized tumor 

progression at 24 M 

Localized 
mRECIST 100.0%

RECIST 1.1 82.0%

mRECIST 84.1%

% Patients alive and 
Progression-free at 24 M 

Localized 
mRECIST 93.9%

RECIST 1.1 76.7%

mRECIST 78.8%

Local recurrence rate of 5.6% (9/162)



Results of LEGACY
Parameter Localized mRECIST

ORR (best response) 88.3%  
(95% Cl: 82.4,92.4)

CR/PR/SD/PD, n 136/7/0/0

DoR ≥ 6M** 76.1%
(95% Cl: 67.6, 82.9)

Treated Population (N=162)
N (%)

6 Months 12 Months 24 Months
Maintenance or improvement from baseline ECOG status 69/77 (89.6%)  41/47 (87.2%) 14/17 (82.4%) 
Attain and/or Maintain Milan criteria 116/122 (95.1%)  77/86 (89.5%) 29/34 (85.3%) 



LEGACY

The multicenter LEGACY study demonstrated use of Y-90 
as neoadjuvant to:
Transplant, Resection, or as a Stand-alone treatment 
(Curative Intent/Palliative)

and
Supports the use of a perfused volume absorbed dose of 
> 400 Gy, which may lead to higher rates of CPN.  



Thank you.
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Replacing standard chemo in TACE 
w/ TPZ, activated by hypoxia

Inactive 

reductase

O2

DNA damage & cell death

free 
radical 
SR4233

TPZ

~100 folds more active

hypoxianormal 
oxygen

active 
Depending on cell type & 
hypoxia-> 50nM to 10uM 
of TPZ needed



Methods

• Phase 1 multicenter, open-label, non-randomized 
trial with a classic 3+3 dose escalation + an 
expansion cohort in patients with unresectable 
HCC, Child Pugh A, ECOG 0 or 1.

• Primary objective: 
• evaluate the safety of combining TPZ + TAE in 

patients with unresectable HCC, 
• determine optimal dose for Phase II 

19





• Phase II is prospective randomized trial 
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Background
• Tc99-m MAA

– Imperfect/flawed surrogate for Y90 biodistribution

• Overestimates lung shunt fraction (LSF) up to 100%1-2

– Free pertechnetate primarily absorbed by lungs 
– Heterogenous size of MAA << microspheres

• both glass and resin
• Imperfect in predicting Y90 liver biodistribution3-5

– Overestimates TNR (linear correlation)
– Accurate estimation for NTL

1. Ho CL et al. EJNMMI. 2018.
2. Kao YH et al. EJNMMI Research. 2013.
3. Song YS et al. Medicine (United States). 2015.
4. Kokabi N et al. JVIR. 2014.
5. Villalobos A et al. JVIR. 2021. 

95% 5-40 um, up to 150 um

90% 30-35 um



Objectives

• Scout dose Y90 resin microspheres vs. Tc99m-MAA

• Accuracy: liver and lung biodistribution

• Safety: 
– ? Non-target embolization
– Degree of embolic effect of the scout dose Y90 



Study Design
• Prospective

• Single Arm 

• Single Center (Emory)

• N=30 Treatment naive HCC patients 

• ClincialTrials.gov ID: NCT04172714



Study Flow Chart

Patients w/ 
HCC enrolled in 

Study

Shunt/mapping 
Study w/ Tc99-
MAA including 

CBCT

MAA planar 
and SPECT/CT 

of Chest & 
Abdomen

Shunt/mapping 
study with low-

dose (15mCi) 
resin Y90

Y90 PET/CT of 
Chest & 

Abdomen

Partition
dosimetry 

planning using 
MAA

Y90-RE therapy 
w/ personalized 

prescribed activity
CBCT

Y90 PET/CT of 
Chest & 

Abdomen

Dose and 
Biodistribution 

Comparison

Clinical and MR 
f/u @ 1, 3, 6 

months 

Same day mappings (Monday)

Therapy Day (Wednesday or Thursday)
Therapy Activity= Prescribed Activity - 15 mCi



Results (Mean TNR)
TNR Mean STD

MAA 2.67 1.61

Scout Dose Y90 PET 2.75 1.20

High Dose Y90 PET 2.71 1.31

TNR P-value

MAA vs. High Dose Y90 PET 0.635

Scout Dose Y90 PET vs. High Dose Y90 PET 0.893



Results (Mean LSF)
TNR Mean STD

MAA 6% 3%

Scout Dose Y90 PET 6% 3%

High Dose Y90 PET 5% 2%

LSF P-value

MAA vs. High Dose Y90 PET 0.429

Scout Dose Y90 PET vs. High Dose Y90 PET 0.239



Pearson Linear Correlations: TNR

TNR r p-value Correlation

MAA vs. High Dose Y90 PET 0.531 0.001 Moderate

Scout Dose Y90 PET vs. High Dose Y90 PET 0.816 <0.001 High



Pearson Linear Correlations: LSF

LSF r p-value Correlation

MAA vs. High Dose Y90 PET 0.394 0.031 Low

Scout Dose Y90 PET vs. High Dose Y90 PET 0.562 0.001 Moderate



Conclusions

• Scout dose Y90 is more accurate than MAA for prospective 
dosimetry planning

• 15 mCi 3-day pre-calibrated resin microsphres is safe and 
effective 
– No non-target embolization
– Not grossly embolic
– Decreased enhancement post scout dose can treatment related (3 

day lag)



Thank You
nkokabi@emory.edu


