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Abstract

Background and Purpose—To report outcomes and toxicities of a single-institution Phase I/II 

study of stereotactic body radiotherapy (SBRT) in the treatment of unresectable hepatocellular 

cancer (HCC) and intrahepatic cholangiocarcinoma (IHC).

Materials and Methods—Patients with Child-Pugh score less than 8 were eligible. A total of 

32 lesions in 26 patients were treated with SBRT. Kaplan-Meier survival analysis was performed. 

Toxicities were graded by CTCAEv4 criteria and response was scored by EASL guidelines.

Results—Median prescribed dose was 55 Gy (range 40 – 55 Gy) delivered in 5 fractions. Mean 

tumor diameter was 5.0 cm and mean GTV was 107 cc. Median follow-up was 8.8 months with a 

median survival of 11.1 months, and one-year overall survival was 45%. Overall response rate was 

42% and one-year local control was 91%. Nine patients experienced a decline in Child-Pugh class 

following treatment, and two grade 5 hepatic failure toxicities occurred during study follow-up.

Conclusions—Primary hepatic malignancies not amenable to surgical resection portend a poor 

prognosis, despite available treatment options. Though radiation-induced liver disease (RILD) is 

rare following SBRT, this study demonstrates a risk of hepatic failure despite adherence to 

protocol constraints.
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Introduction

Hepatocellular carcinoma (HCC) and intrahepatic cholangiocarcinoma (IHC) are the two 

most prevalent primary hepatic malignancies. HCC accounts for the majority of primary 

hepatic malignancies and ranks third in cancer-related death worldwide [1]. IHC comprises 

5–10% of hepatic malignancies [2]. Therapies are guided by tumor stage and underlying 

hepatic function with an ideal treatment consisting of surgical resection or liver 

transplantation. The majority of patients are not candidates for surgical management [3], and 

a variety of locoregional and systemic options exist. Locoregional therapies include 

transarterial chemoembolization (TACE), radiofrequency ablation, cryoablation, 

percutaneous ethanol or acetic acid ablation, and radioembolization; however there are 

limitations to candidacy for these procedures. Systemic therapy includes sorafenib, which 

has shown a survival benefit in the randomized placebo-controlled SHARP trial for 

advanced HCC [4] or cytotoxic chemotherapy and targeted agents for IHC.

Hepatic irradiation was initially utilized infrequently because the intolerance of the normal 

liver to radiation prevented tumoricidal doses. Classic radiation induced liver disease 

(RILD), a clinical triad of anicteric hepatomegaly, ascites and elevated liver enzymes has 

been noted following liver radiation [5]. Non-classic RILD, hepatic toxicity that does not 

meet classis RILD parameters, can also occur and may manifest as extreme elevation in 

transaminases or jaundice. Analysis of the Normal Tissue Complication Probability (NTCP) 

model for hepatic irradiation has shown the importance of volume effect [6]. This model 

predicts that small volumes of liver may receive high radiation doses without clinical hepatic 

toxicity, shifting emphasis to focal radiotherapy to spare normal liver. Stereotactic body 

radiotherapy (SBRT), in which high dose hypofractionated (typically 5 or fewer fractions) 

conformal external-beam radiation is delivered to a tumor, is a noninvasive therapeutic 

option for patients with primary hepatic malignancies. Advances in image guidance and 

respiratory motion management have further enabled this technology. SBRT has been 

investigated prospectively for both HCC [7–11] and IHC [8, 12, 13] using a variety of dose 

and fractionation strategies with 1 year local control rates ranging from 65% to 100%. 

Though the incidence of grade 3 and higher hepatic toxicity is a rare complication (<5%) 

after liver SBRT [14], hepatotoxicity (including G5 liver failure) has been reported in some 

of these studies [7, 9]. In the absence of RILD, changes in Child-Pugh (CP) classification 

following liver SBRT have been noted [8, 9]. Retrospective studies have evaluated 

dosimetric parameters that are correlated with decline in CP class following SBRT [15,16].

A variety of treatment schedules have been used to evaluate safety and efficacy of SBRT for 

treatment of primary hepatic malignancies. In this prospective institutional study, a 5 

fraction SBRT regimen of 55 Gy was selected with dose decrements to meet constraints to 

normal structures. The primary endpoint was toxicity evaluation, with a goal of fewer than 

10% G4 or higher study related toxicity within 90 days (toxicity evaluation was not limited 

to hepatic toxicities). Secondary objectives included late toxicity, local recurrence, response 

rate, and overall survival (OS). The final results are reported in this manuscript.
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Methods and Materials

Patients

This is a prospective trial approved by the institutional review board (NCT 01668134). 

Patients with HCC, IHC or biphenotypic hepatic malignancy who were not surgical 

candidates were eligible. Pathology was not required for patients with HCC if the lesion met 

characteristic imaging features. Patients had to be older than 18 years of age with a 

Karnofsky Performance Status greater than or equal to 60. Patients with four or fewer 

intrahepatic lesions were eligible. Limited extrahepatic disease (defined as volume less than 

hepatic tumor volume) and tumor vascular thrombosis were allowed. Prior local or systemic 

therapies were allowed, and decisions to proceed with SBRT were discussed at a 

multidisciplinary tumor board. Patients with CP score between 5 and 7 were eligible. 

Patients with prior abdominal radiation were ineligible. Pretreatment evaluation included 

history and physical exam and laboratory evaluation within 1 month of enrollment and 

abdominal imaging within two months of enrollment. Target accrual was enrollment of 40 

patients over two years.

Treatment

Prior to simulation for radiation treatment planning, patients underwent placement of 

fiducial markers via a percutaneous or endoscopic approach. Patients were immobilized 

using an alpha cradle. Four-dimensional CT simulation with 1.5 – 3 mm slice thickness was 

performed using a Phillips Big Bore 16-slice CT simulator (Philips Healthcare, Cleveland, 

OH) with intravenous contrast. The end exhalation phase was used as the primary dataset for 

treatment planning. The gross tumor volume (GTV) consisted of the primary lesion 

delineated using the CT simulation image at end-exhalation and fused diagnostic images. 

Clinical target volume (CTV) expansions were not routinely performed. A 0.5 cm expansion 

of the GTV was used to generate a planning target volume (PTV). Both three-dimensional 

conformal radiation and intensity modulated radiation therapy were allowed.

The prescribed dose was 55 Gy in 5 fractions with adjustment based on mean liver dose. If 

necessary to meet this tissue constraint, dose was adjusted in 5 Gy decrements to a minimum 

of 40 Gy in 5 fractions. Ninety-five percent of the PTV was required to receive 95% of the 

prescription dose, and 99% of the PTV was required to receive 90% of the prescription dose. 

The global maximum was less than 140% of the prescription dose. At least 700 cc of normal 

liver was spared by 20 Gy and the mean liver dose was required to be less than20 Gy. Dose 

constraints to other organs at risk are summarized in Appendix A in Supplementary data.

Treatments were delivered every other day using a linear accelerator with photon energies 

ranging from 6 – 18MV. Daily cone-beam CT images were obtained to evaluate patient 

setup, and a radiation oncologist was present at each treatment. The RPM Respiratory 

Gating System (Varian, Palo Alto, CA) was utilized for expiratory respiratory gating on 

fiducial markers, pre-existing biliary stent or intrahepatic lipiodol from prior TACE. No 

concomitant medications were required during radiotherapy; anti-emetics and proton-pump 

inhibitors were prescribed as needed based on symptoms during and after radiotherapy. 
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Adjuvant systemic therapy following RT was allowed, and was administered per the 

discretion of the medical oncologist.

Evaluation

Patients were evaluated weekly during SBRT, at 6–8 weeks following completion of therapy, 

every 3 months for the first 12 months, then every 6 months. Blood work and hepatic 

triphasic CT or MRI were obtained at each follow-up visit. Toxicities were scored base on 

the revised NCI Common Terminology Criteria for Adverse Events (CTCAE) version 4.0. 

Tumor response to treatment was evaluated by European Association for the Study of the 

Liver (EASL) criteria.

Statistics

Overall survival (OS), progression-free survival (PFS) and local control rates were evaluated 

using the Kaplan-Meier method. Local control was defined as no evidence of progression in 

the treated lesion. All analyses were performed using SAS 9.3 (Cary, NC).

Results

Patients and Treatment

Between February 2012 and May 2014, 28 patients consented to participate in the study. 

Two patients were ineligible for treatment due to inability to meet treatment planning 

objectives related to extent of disease burden. Twenty-six patients were evaluable for the 

primary endpoint of incidence of G4+ toxicity within 90 days of treatment.

Baseline patient characteristics are summarized in Table 1. The cohort included 12 patients 

with HCC, 12 patients with IHC, and 2 patients with a biphenotypic tumor. Eight patients 

with HCC had biopsy-proven disease. SBRT was the first line of treatment in 9 patients. 

Eight patients with HCC received TACE prior to SBRT. No patients with HCC received 

sorafenib prior to SBRT. Eight patients with biphenotypic tumors or IHC received systemic 

chemotherapy prior to SBRT. Fifteen patients had underlying cirrhosis and 3 were CP class 

B. Seven patients had tumor vascular thrombosis and no patients had extrahepatic disease.

Treatment was completed in 25 of 26 (96%) patients with a median prescription dose of 55 

Gy (40–55 Gy). Twenty-one patients received 55 Gy in 5 fractions, while 5 patients had dose 

reduction per protocol (four patients received 50 Gy/5 fractions, one patient received 40 

Gy/5 fractions) based on mean liver dose. Additional details of treatment dosimetry are 

shown in Appendix B in Supplemental data. One patient discontinued treatment after 

receiving 4 of 5 prescribed fractions, due to hospitalization and decline in health secondary 

to pre-existing gastrointestinal ulcers.

Twenty-three patients had solitary lesions treated with SBRT. In the patients with more than 

one lesion, the lesions were included a single treatment volume in 3 of the 4 patients. The 

fourth patient required 2 separate PTVs which were treated concurrently. Median lesion 

diameter was 5.0 cm (1.6 – 12.3 cm). Median GTV was 107 cc (16.9 – 625.9 cc), and 

median PTV was 231 cc (53.5 – 964 cc).
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Two patients with IHC received adjuvant therapy following SBRT; one received capecitabine 

and the other received erlotinib. Four patients with HCC received adjuvant sorafenib. 

Cytotoxic chemotherapy could be initiated 4 weeks following radiotherapy, and sorafenib 

could be initiated 2 weeks following radiation.

Toxicity and Change in CP Score

Median follow-up time was 8.8 months (range 0.3 – 33 months). No complications were 

noted following placement of fiducial markers. During follow-up, 6 patients experienced 

G3+ acute toxicities (≤60 days from treatment), and G3+ late toxicities (>60 days from 

treatment) were observed in 5 patients. A total of 17 G3+ acute treatment-related toxicities 

and 18 G3+ late toxicities were noted and are summarized in Table 2. The most commonly 

noted treatment-related toxicity was lymphopenia, with 8 patients experiencing G3 acute 

toxicity, 1 patient experiencing G4 acute toxicity and 5 patients with G3 late toxicity. 

Lymphopenia existed prior to SBRT in 4 of these patients. No patients experienced any 

documented infections related to lymphopenia during follow-up. Acute G3 abdominal pain 

was noted in 4 patients, while elevated bilirubin was observed in 2 patients. Late toxicities 

included G3 abdominal pain and ascites in 2 patients each.

Nine of 26 patients experienced a decline in CP class following treatment all of which 

represented a change of more than two points in the CP score. The CP class decline was 

associated with progression of disease in one patient. Five patients declined from class A to 

B, 3 from class A to C and one from class B to C. Among the patients with CP class decline, 

there were two deaths from hepatic failure, prompting early interim analysis and closure of 

the study. Hepatic dosimetric analysis for all patients and patients with G5 toxicity appears 

in Table 3, including protocol specified dose constraints as well as other metrics that have 

been associated with hepatic toxicity following SBRT.

Response

The one-year local control rate was 91% for all patients. The overall response rate by EASL 

criteria was 42%. Radiographic response was seen in 6/12 patients with HCC, 4/12 with IHC 

and in 1/2 patients with a biphenotypic tumors. Five patients had a complete radiographic 

response (4 with HCC and 1 with IHC). Time to radiographic response ranged from 1.6 to 

9.0 months after treatment. One patient with 2 HCC lesions treated with SBRT was 

successfully downstaged to meet Milan criteria and underwent orthotopic liver 

transplantation 6 months following SBRT. Two patients received subsequent local therapies 

(one with TACE and one with cryoembolization) after progression of hepatic disease.

Overall Survival and Time to Progression

The median survival for all patients was 11.1 months, and the one-year OS was 45% (95% 

CI 25–64%), shown in Figure 1A. In patients with HCC, the one-year OS was 38% (95% CI 

12–64%) and the median survival was 9.8 months. For patients with IHC/biphenotypic 

tumors, the one-year OS was 51% (95%CI 22–75%) and median survival was 13.2 months.

Thirteen patients (50%) experienced disease recurrence during study follow-up. Two 

patients had in-field local failure. Eight patients had regional failure within the liver outside 
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of the treatment field. Seven patients developed distant failure. Median PFS in all patients 

was 15.2 months, shown in Figure 1B. Median PFS was 5.3 months in patients with HCC 

and 24.7 months in patients with IHC/biphenotypic tumors. One-year PFS was 50% (95%CI 

29–69%) in all patients, 48% (95%CI 12–67%) in patients with HCC, and 68% (95% CI 27–

80%) in patients with IHC/biphenotypic tumors.

Discussion

In this study, 26 patients with primary hepatic malignancies were treated with SBRT (55 

Gy/5 fractions). The majority (81%) of patients did not require de-escalation of prescription 

dose to meet dose constraints. Despite adherence to protocol constraints, two patients had 

G5 hepatic failure toxicities that were likely related to radiotherapy meeting pre-determined 

early stopping criteria for the trial. One patient was a non-cirrhotic with IHC who primary 

sclerosing cholangitis (PSC) and renal transplant on tacrolimus. This patient developed 

hepatomegaly, ascites and elevated bilirubin and liver enzymes within 1 month of 

completion of radiotherapy and progressed to hepatic failure and death. There is no known 

association of PSC or tacrolimus with sensitization to radiation. Tacrolimus has been rarely 

related with hepatic veno-occlusive disease in renal transplant patients [17] however this 

patient showed no hepatic dysfunction (other than baseline elevation in alkaline 

phosphatase) prior to SBRT. The second patient was a long-standing hepatitis C cirrhotic 

(CP class B) who developed similar symptoms and succumbed hepatic failure in the setting 

of a gastrointestinal bleed within 1 month following SBRT. With elevated bilirubin at 

presentation, neither case is consistent with classic RILD although radiotherapy must be 

considered as a cause for toxicity give the temporal relationship. In retrospect, the patient 

may have downplayed prior history of ascites and encephalopathy that may reflect a higher 

CP class than noted.

Dosimetric correlations with decline in CP class following SBRT have been analyzed as a 

marker for treatment-related hepatotoxicity. Son and colleagues evaluated 47 patients with 

HCC treated with SBRT (36 Gy/3 fractions)[15]. They elicited a relationship between the 

volume of liver spared by 18 Gy (rV18) and decline in CP class with a recommendation of a 

rV18 Gy greater than 800 cc. Dyk et al have associated the volume of liver receiving 25 Gy 

(V25) with decline in CP class in patients receiving hepatic SBRT [16]. In the patients with 

primary liver cancers, a V25 greater than 36% was correlated with CP class decline.

Underlying cirrhosis or baseline liver dysfunction are known to increase hepatic 

susceptibility to radiation toxicities. In an initial evaluation of liver SBRT, Mendez-Romero 

and colleagues evaluated 11 CP class A/B patients with HCC [7] who were treated to 25–

37.5 Gy in 3–5 fractions with one observed G5 RILD toxicity. Nonfatal classic RILD 

following SBRT has been noted as a dose-limiting toxicity in 3/11 CP class B patients in 

another series [18] with a conclusion that CP class B patients warrant treatment with a lower 

dose and fraction size. In an analysis of HCC patients with CP class B/C cirrhosis, Culleton 

and colleagues describe a decline of at least 2 points in CP score in 63% of patients [11]. 

Median OS was 7.9 months in this group, with a lower CP score being associated with 

improved survival. One patient in this analysis suffered fatal liver failure 3 months following 
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SBRT. In concordance with these findings, patients with a CP score greater than 7 are 

frequently excluded from liver SBRT trials.

Andolino et al have evaluated SBRT for HCC for both CP class B (40 Gy/5 fractions) and 

CP class A (44 Gy/3 fractions) [19]. 50% of CP class B patients developed progressive liver 

failure following treatment. Kang and colleagues evaluated 47 patients with HCC treated 

with SBRT (60 Gy/3 fractions) following incomplete TACE and noted decline from CP class 

A to B in 6 patients and development of ascites in 4 patients without evidence of classic 

RILD [20]. In contrast to the small median GTV in these two studies (29 and 14.9 cc), our 

median GTV was significantly larger at 107 cc.

Two prospective studies out of Princess Margaret Hospital have evaluated SBRT with larger 

treatments volumes using individualized dose allocation with a 6-fraction regimen ranging 

from 24–54 Gy. Tse et al included HCC and IHC (CP class A) with a median GTV of 173 cc 

[8]. While there were no G4/5 toxicities, 17% of patients experienced a decline in CP class. 

Bujold et al assessed 102 patients with HCC (CP class A) and a median GTV size of 117 cc 

[9]. Seven G5 toxicities (5 liver failures, 1 cholangitis, 1 gastrointestinal bleed) were noted 

without classic RILD. A change in CP score occurred in 46% of patients and a change in CP 

class occurred in 29% of patients, with recovery of hepatic function in a majority of patients 

after 12 months. The authors of these two studies discuss that individualized dose allocation 

enabled treatment of larger tumors that would have otherwise been unable to meet dose 

constraints, and note that a disadvantage is that patients with a larger burden of disease 

would receive lower prescription doses.

Treatment of cholangiocarcinoma by SBRT is less well studied than HCC. Kopek and 

colleagues have evaluated 27 patients treated with 45 Gy/3 fractions. Duodenal toxicities 

were more prevalent than hepatic toxicities, and median OS was 10.6 months. Two other 

prospective studies have included patients with IHC along with HCC [13] or with HCC and 

metastases [8]. Tse et al report transient biliary obstruction and decline in CP class in two of 

10 patients with IHC treated with SBRT [8]. The role of radiotherapy in IHC should be 

further elucidated by the NRG-GI001 study which randomizes patients with localized, 

unresectable intrahepatic cholangiocarcinoma to chemotherapy versus chemotherapy 

followed by hypofractionated radiation.

In the current study, which was closed to accrual due to meeting early stopping criteria after 

the second G5 hepatic failure toxicity, the 1-year OS of 45% and median survival of 11.1 

months remain favorable in comparison with best supportive care (33% and 7.9 months, 

respectively) and similar to sorafenib (44% and 10.7 months)[4]. 35% of our patients 

experienced decline in CP score following SBRT treatment, which is within the range of 

expected toxicity based on other evaluations. Large lesion size (median GTV 107 cc), 

presence of tumor vascular thrombosis in 27% of patients, and heavy pretreatment with 

other modalities are patient risk factors in this study. This study has several limitations 

including enrollment at a single-institution and small patient numbers (which limits further 

assessment of factors that predisposed patients to toxicities). Underlying cirrhosis and CP 

class are factors that decrease hepatic reserve and limit radiation tolerance; however other 

intrinsic patient factors play a role. Tumor volume is another factor, and often dose must be 
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decreased for larger tumors to spare uninvolved liver. More conservative hepatic dose 

constraints are also evolving. The protocol constraints were based on a historic biologic 

equivalent dose with α/β = 3 (BED3) constraint of 49.5 Gy (33 Gy in 22 fractions) [21], and 

with 700 cc of liver receiving less than 20 Gy in 5 fractions, the BED3 of the spared liver is 

46.7 Gy at maximum. In comparison, 18 Gy in 3 fractions allowed by Son et al for 800 cc of 

normal liver can be reported as a BED3 of 54 Gy [15]. Despite our initial constrant falling 

within the range of standard constraints, our institution is now sparing 700 cc of liver by 15 

Gy (BED3 40Gy), while other parameters considered during treatment planning are V25 and 

rV18cc. The treatment plans of both patients with G5 toxicity in this study meet these new 

constraints and guidelines (Table 3), supporting a conclusion that additional patient factors 

are involved in hepatic toxicity. Sanuki et al have recently described toxicities that predict 

for non-classic RILD in patients with HCC receiving SBRT [22]. They have found G3 

elevation in transaminases, CP score of 8 or more and/or G3 thrombocytopenia to be 

predictive for fatal hepatic failure. Some of these finding correlate with toxicities found in 

our data, one patient with fatal hepatic failure had G3 elevation in transaminases (ALT), ten 

patients had post-treatment CP scores of greater than 8 (including the two G5 toxicities) and 

one patient had G3 thrombocytopenia without hepatic failure.

In addition to hepatic toxicity and changes in CP class, it is important to consider the overall 

incidence of G3+ toxicities. In this study, 17 acute G3+ toxicities were observed in 6 

patients, with lymphopenia being the most common toxicity. Lymphopenia occurs following 

radiotherapy by direct destruction of mature circulating lymphocytes and has been noted 

with a variety of treatment sites including lung [23] and brain [24]. In addition, splenic 

pooling and defects in thymopoesis are postulated to result in lymphopenia in cirrhotic 

patients [25]. Our overall rates of G3+ toxicity are within the ranges reported in comparable 

studies. In patients with HCC, Bujold reported 30% G3+ toxicities (predominantly elevation 

in transaminases [9], while Sanuki reports 24% G3+ toxicities (primarily thrombocytopenia) 

[22]. The reported G3+ toxities are somewhat lower in Kang et al (11%) (predominantly GI 

ulceration and thrombocytopenia) [20]. Of these reports, only Bujold assesses post-treatment 

leukocyte counts, and demonstrated minimal toxicity.

As distant progression and out-of-field hepatic progression remain problematic in the 

patients receiving SBRT, the role of systemic therapy is being evaluated in the current phase 

III randomized trial for HCC assessing sorafenib versus SBRT followed by sorafenib 

(RTOG 1112). The radiation portion of this study consists of a prescription dose of 50 Gy in 

5 fractions (lower than the 55 Gy in 5 fractions used in our study), with de-escalation to 

meet protocol-specified dose constraints in hopes of providing local control benefits with 

minimization of toxicity. This study shows that there is some fragility of this patient 

population that needs to be addressed as more patients are treated with this promising 

modality. Hopefully further studies, with well-defined dose constraints and clear 

mechanisms for dose de-escalation can increase safety and perhaps even further define the 

population who is more at risk for toxicity.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
A. Overall survival (OS) from time of SBRT start. Median OS 11.1 months, one-year OS 

45%. B. Progression-free survival (PFS) from time of SBRT start. Median PFS 15.2 months, 

one-year PFS 50%.
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Table 1

Patient, Disease, and Prior Treatment Characteristics

Characteristic Number (%)

Age [median (range)] 72 (51–95)

Gender

 Male 12 (46%)

 Female 14 (54%)

Histology

 Hepatocellular carcinoma 12 (46%)

 Intrahepatic cholangiocarcinom 12 (46%)

 Biphenotypic hepatobiliary tumor 2 (8%)

Reason for unresectability

 Patient factors 11 (42%)

 Tumor factors 11 (42%)

 Patient/Tumor factors 4 (1 6 %)

Cirrhosis 15 (58%)

Child Pugh Class A

 Child Pugh score 5 17 (65%)

 Child Pugh score 6 6 (23%)

Child Pugh Class B (score 7) 3 (12%)

Baseline laboratory values [median (range)]

 Bilirubin (mg/dl) 0.6 (0.3 – 3)

 Albumin (g/dl) 3.9 (2.6 – 4.7)

 INR 1.12 (0.9 – 1.49)

 AST (U/L) 55 (24 – 123)

 ALT (U/L) 51 (14 – 167)

 Creatinine (mg/dl) 0.79 (0.46 – 1.87)

 Platelets (1000/mm3) 122 (52 – 3)

 Alkaline Phosphatase (U/L) 116 (70 – 420)

 AFP (HCC only) 48 (<5 – 4472)

ECOG performance status

 0 1 (4%)

 1 21 (80%)

 2 2 (8%)

 3 1 (4%)

Prior therapies#

 Surgery 2 (8%)

 Radiofrequency ablation 1 (4%)

 TACE 8 (31%)

 Microwave ablation 1 (4%)

 Chemotherapy 9 (35%)

AJCC T stage (IHC/biphenotypic)
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Characteristic Number (%)

 T1 7 (50%)

 T2 5 (36%)

 T3 1 (7%)

 T4 1 (7%)

BCLC stage (HCC)

 A1 1 (8%)

 A2 0 (0%)

 A3 1 (8%)

 A4 3 (25%)

 B 4 (33%)

 C 3 (25%)

Number of lesions

 1 22 (84%)

 2 3 (12%)

 3 1 (4%)

Tumor vascular thrombosis 7 (27%)

Tumor diameter [median (range)] (cm) 5.0 (1.6 – 12.3)

 ≤2 cm 3 (12%)

 2–4 cm 7 (27%)

 4–6 cm 6 (23%)

 6–8 cm 6 (23%)

 8–10 cm 3 (12%)

 >10 cm 1 (4%)

#
Some patients received multiple therapies prior to SBRT
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Table 2

Study-related acute (≤ 60 days after SBRT) and late (> 60 days after SBRT) biochemical changes and 

toxicities.

Grade 3 Grade 4 Grade 5

Acute Toxicity (≤ 60 days)

 Lymphopenia 6 (23%) 1 (4%)

 Abdominal Pain 4 (15%)

 Bilirubin 2 (8%)

 Platelets 1 (4%)

 PTT 1 (4%)

 INR 1 (4%)

 Hepatic Failure 1 (4%)

Late Toxicity (> 60 days)

 Lymphopenia 5 (19%)

 Thrombocytopenia 1 (4%)

 INR 1 (4%)

 PTT 1 (4%)

 ALT 1 (4%)

 Bilirubin 1 (4%)

 Biliary stricture 1 (4%)

 Abdominal pain 2 (8%)

 Ascites 2 (8%)

 Vomiting 1 (4%)

 Skin fibrosis 1 (4%)

 Hepatic Failure 1 (4%)
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Table 3

Liver dose volume histogram (DVH) data for all patient as well as the two patients who experienced G5 

hepatic toxicity

All patients Median (range) Patient 1a Patient 2b Goal/Constraint

Uninvolved liver volume 1550 cc (917 –3556) 1980 cc 1400 cc

GTV volume 107 (16.9 – 625.9) 32.4 cc 111.1 cc

Mean dose (liver –GTV) 16.0 Gy (3.0 –23.5 Gy) 15.5 Gy 19.2 Gy <20 Gy

V15 36% (7.5 –56) 38% 37%

rV15cc 947 cc (524 –2048) 1221 cc 883 cc >700 cc

V18 33% (7 –49) 35% 33%

rV18cc 1019 cc (634 –2143) 1289 cc 941 cc >800 cc

V20 31% (7 –49) 33% 30%

rV20cc 1095 cc (668 –2253) 1324 cc 977 cc >700 cc

V25 25%(5 –40) 25% 25% <36%

V30 21% (4 – 35) 17.8% 21%

VXX – volume (%) of liver receiving XX Gy or greater. rVXXcc – volume (cc) of liver spared by XX Gy.

a
Patient 1 had a diagnosis of IHC with Child-Pugh class A (score 5) cirrhosis arising from primary sclerosing cholangitis.

b
Patient 2 had a diagnosis of HCC (treated with prior TACE) with Child-Pugh class B (score of 7 secondary to hypoalbuminemia and medication-

controlled ascites) cirrhosis in the setting of Hepatitis C.
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