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Abstract
Background: The mammalian target of rapamycin (mTOR) 
pathway is upregulated in nearly half of hepatocellular car-
cinoma (HCC) tumors and is associated with poor prognosis. 
In preclinical models of HCC, the combination of mTOR path-
way inhibition with the multikinase inhibitor sorafenib im-
proves treatment efficacy. A prior phase I study of the allo-
steric mTOR inhibitor temsirolimus combined with sorafenib 
demonstrated acceptable safety at the recommended phase 
II dose. Methods: We conducted a single-arm, multicenter 
phase II trial of the combination of temsirolimus 10 mg intra-
venously weekly plus sorafenib 200 mg b.i.d. The primary 
endpoint was time to progression (TTP) with efficacy target 
of median TTP of at least 6 months; secondary endpoints in-
cluded overall survival (OS), objective response rate, safety, 
and alpha-fetoprotein (AFP) tumor marker response. Next-

generation tumor sequencing was performed as an explor-
atory endpoint. Results: Twenty-nine patients were en-
rolled, including 48% with hepatitis C virus infection and 
28% with hepatitis B virus; 86% had Barcelona clinic liver 
cancer stage C disease. Among 28 patients evaluable for ef-
ficacy, the median TTP was 3.7 (95% confidence interval [CI]: 
2.2, 5.3) months, with 14% of patients achieving TTP of at 
least 6 months. The median OS was 8.8 (95% CI: 6.8, 14.8) 
months. There were no complete or partial responses; 75% 
of patients had stable disease as best response. AFP decline 
by at least 50% was associated with prolonged TTP and OS. 
Serious adverse events occurred in 21%; the most common 
treatment-related adverse events of CTCAE grade 3 or high-
er were hypophosphatemia (36%), thrombocytopenia 
(14%), and rash (11%). There were no grade 5 events attrib-
uted to sorafenib or temsirolimus. Tumor next-generation 
sequencing (NGS) was performed in a subgroup of 24 pa-
tients with adequate tumor samples. Tumor mTOR pathway 
mutations were identified in 42%. There was no association 
between tumor mutation profile and OS or TTP. Conclu-
sions: The combination of temsirolimus and sorafenib dem-
onstrated acceptable safety but did not achieve the target 
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threshold for efficacy in this phase II study. Tumor NGS in-
cluding the presence of mTOR pathway mutations was not 
associated with treatment response in an exploratory sub-
group analysis. © 2021 The Author(s)

Published by S. Karger AG, Basel

Introduction

Hepatocellular carcinoma (HCC) is rising in incidence 
and represents the third leading cause of death worldwide 
[1]. Heterogeneous tumor biology without prevalent 
driver mutations poses a challenge to identifying effective 
therapies in HCC [2]. Despite recent advances in system-
ic therapies, the prognosis for advanced stages of HCC 
remains poor, and unlike most other common cancers, 
there are no established tumor genetic biomarkers to 
guide treatment decisions.

The multikinase inhibitor sorafenib targets a variety of 
oncogenic pathways in HCC, including vascular endo-
thelial growth factor receptors 2 and 3 and RAF kinase 
[3]. Sorafenib became a global standard of care for unre-
sectable and advanced stages of HCC after 2 randomized, 
phase III trials demonstrated improvement in survival 
over placebo [4, 5]. Despite consistent prolongation of 
survival and progression-free survival, the benefit from 
sorafenib is modest in most patients, and no clinical or 
genetic biomarkers have been validated as predictive of 
differential response [6, 7].

The mammalian target of rapamycin (mTOR) pathway 
demonstrates upregulation in around 40–50% of HCC tu-
mors and is associated with poorer prognosis [2, 8, 9]. The 
potential mechanisms of mTOR pathway activation are 
heterogeneous and include inactivating mutations or dele-
tions in tumor suppressors, such as the tuberous sclerosis 
complex (TSC1, 2) or phosphatase and tensin homolog, 
activating mutations in oncogenes, such as AKT or phos-
phatidylinositol-3′ kinase, or ligand-dependent growth 
factor receptor activation [2, 9, 10]. Despite the prevalence 
of mTOR pathway activation in HCC; however, the allo-
steric inhibitor of mTOR complex 1 (mTORC1) everoli-
mus did not improve overall survival (OS) in the random-
ized, phase III EVOLVE-1 trial in an unselected, advanced 
HCC population, though a subgroup of patients with un-
derlying hepatitis B virus (HBV) infection demonstrated 
prolongation of survival compared to placebo [11]. An ex-
ploratory subanalysis of EVOLVE-1 identified decreased 
levels or loss of TSC2 expression by immunohistochemis-
try in 10.8% (15/139) of evaluable patients’ tumor samples 
[12]. Low levels or loss of TSC2 expression showed a non-

significant trend toward longer OS with everolimus treat-
ment compared with placebo in this study, though inter-
pretation is limited by small sample size.

The combination of mTOR inhibition with antiangio-
genic therapies, such as sorafenib confers potential for ad-
ditive benefit or synergy [13, 14]. We previously conducted 
a multicenter, phase I, dose-escalation study of the combi-
nation of the allosteric mTORC1 inhibitor, temsirolimus, 
combined with sorafenib in 25 patients [15]. The maxi-
mum tolerated dose and recommended phase II dose were 
temsirolimus 10 mg intravenously (IV) administered 
weekly plus sorafenib 200 mg by mouth twice a day (BID). 
Pharmacokinetic analyses showed that the temsirolimus 
dose of 10 mg IV weekly in the phase I study produced 
similar area under the curve and slower clearance than a 25 
mg IV weekly dose in studies of non-HCC patients, sug-
gesting potential diminished metabolism in HCC patients, 
even those with preserved, Child-Pugh A liver function 
[15]. The disease control rate in the phase I study was 68%, 
motivating further investigation in a phase II trial.

Here we report results from the ensuing multicenter, 
phase II trial of the combination of mTOR inhibition with 
temsirolimus and sorafenib for patients with unresect-
able and advanced stages of HCC. Tumor next-genera-
tion DNA sequencing (NGS) was performed to explore 
for candidate biomarkers of response.

Materials and Methods

Study Design and Ethics Oversight
This investigator-initiated study was designed as an open-label, 

single-arm, phase II trial with enrollment at the Helen Diller Fam-
ily Comprehensive Cancer Center, University of California, San 
Francisco (UCSF) and the Robert H. Lurie Comprehensive Cancer 
Center at Northwestern University (NWU). All patients provided 
written informed consent. The trial was approved by the 2 partici-
pating centers’ Institutional Review Boards (UCSF IRB 12-09445, 
NWU IRB STU00071124) and the NCCN Temsirolimus Scientific 
Review Committee. The study was conducted in accordance with 
the Declaration of Helsinki and Good Clinical Practice and was 
registered on clinicaltrials.gov (NCT01687673).

Patient Eligibility
Patients must have been of age of at least 18 years with histo-

logically confirmed diagnosis of HCC; patients with histology of 
mixed HCC-cholangiocarcinoma were eligible with study chair 
approval if the treating investigator assessed that HCC-directed 
therapy was appropriate based upon pathology and clinical char-
acteristics. Tumors were required to be AJCC stage II, III, or IV 
[16] at study entry, not amenable to curative resection, transplan-
tation, or ablative therapies, and without any prior systemic ther-
apy for HCC. Tumors must have been measurable by RECIST 
v1.1 [17]. Patients had to have adequate organ function, includ-
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Characteristic (N = 29 enrolled) N or median (range) %

Gender, n
Male 25 86
Female 4 14

Age, years
Median (range) 61 (33–78)

Baseline body weight, kg
Median (range) 76.75 (41.17–130)

Race
African-American 1 3
Asian 10 34
Caucasian 18 62

Ethnicity
Non-Hispanic/Latino 25 86
Hispanic/Latino 4 14

ECOG
0 21 72
1 8 28

Etiology of liver disease
HBV sAg+ 8 28
HCV Ab+ 14 48

HCV Ab+ with HBV cAb total+ 8 28
Alcoholic liver disease 1 3
NASH 1 3
Other/Unknown/Idiopathic 5 17

Child-Pugh class
A5 or A6 26 90
B7 3 10

Tumor histology
HCC 27 93
Mixed HCC-cholangiocarcinoma 2 7

BCLC stage
B 4 14
C 25 86

Portal vein thrombosis present 12 41
Extrahepatic spread present 20 69
Baseline albumin, g/dL

Median (range) 3.8 (2.8–4.7)
Baseline AFP, ng/mL

<400 20 69
≥400 9 31
Median (range) 156 (1–98,622)

Treatment site
UCSF 24 83
NWU 5 17

Previous therapy
Surgical resection 6 21
Bland embolization 1 3
Chemoembolization (TACE) 16 55
Radioembolization 3 10
Ablation (radiofrequency or microwave) 7 24
None 8 28

ECOG, Eastern Cooperative Oncology Group; HCC, hepatocellular carcinoma; HBV, 
hepatitis B virus; HCV, hepatitis C virus; NASH, nonalcoholic steatohepatitis; BCLC, Bar-
celona clinic liver cancer; NWU, Northwestern University; UCSF, University of Califor-
nia, San Francisco; AFP, alpha-fetoprotein.

Table 1. Patient characteristics



Kelley et al.Liver Cancer 2021;10:561–571564
DOI: 10.1159/000518297

ing hemoglobin at least 8.5 g/dL, platelets at least 75,000/mcL, 
bilirubin ≤2 mg/dL or 1.5 times upper limits of normal, albumin 
at least 2.8 g/dL, cholesterol <350 mg/dL, triglycerides <300 mg/
dL, and glycosylated hemoglobin <7.5%. Active HBV was re-
quired to have treatment antiviral therapy according to institu-
tional standard of care. Child-Pugh score of A or B7 was required. 
Blood pressure at entry was required to be ≤150/90 mm Hg. East-
ern Cooperative Oncology Group (ECOG) score of 0–1 and life 
expectancy of at least 3 months were required. Primary biliary 
tract cancers or fibrolamellar histology were excluded. Patients 
with nonhealing wounds, prior liver transplant, uncontrolled in-
tercurrent illness, or requirement for therapeutic anticoagulation 
were excluded.

Treatment
Patients were treated with the combination of temsirolimus 

plus sorafenib according to the recommended phase II dose estab-
lished in the prior phase I study [18]. Cycle length was 28 days. 
Temsirolimus was administered at a fixed dose of 10 mg IV with 
in-line filter over 60 min weekly during cycle 1, then over 30 min 
during subsequent cycles if no evidence of hypersensitivity. Di-
phenhydramine premedication was administered approximately 
30 min prior to each temsirolimus infusion. Sorafenib was admin-
istered at a dose of 200 mg orally b.i.d. starting cycle 1, day 1 after 
temsirolimus infusion. Dose modifications in temsirolimus to 7.5 
mg or 5 mg IV and in sorafenib to 200 mg once daily or every oth-
er day were permitted for management of toxicity along with op-
timal supportive care.

Study Assessments
Adverse events (AEs) were assessed using CTCAE v.4.0 [19] at 

clinic visits weekly during cycle 1 and monthly thereafter, along 
with weekly vital sign and laboratory monitoring for the duration 
of the study. Efficacy was assessed with multiphase (including arte-
rial and portal venous contrast phases) computed tomography, or 
magnetic resonance imaging of abdomen and pelvis, along with 
computed tomography scans of chest every 8 weeks on treatment 
along with alpha-fetoprotein (AFP) tumor marker each cycle. 
Baseline pre-treatment archival tumor samples with adequate tu-
mor cell content underwent NGS using the UCSF500 Cancer Gene 
Panel Test (UCSF500), as previously described [20, 21].

Study Endpoints and Statistical Analysis Plan
The primary endpoint was time to progression (TTP) [22]. En-

rollment of 28 patients was planned to achieve a sample size of at 
least 25 efficacy-evaluable patients to test the alternate hypothesis 
of median TTP of at least 6 months, with null hypothesis of me-
dian TTP of 3 months or less with 1-sided alpha of 10% and pow-
er of 88% under the exact test. Patients who did not complete at 
least 1 dose of protocol therapy and/or were determined ineligible 
after enrollment were replaced. Secondary endpoints included ob-
jective response rate by RECIST v.1.1 [17], OS, AFP response de-
fined as a 50% decrease at time of best response in patients with an 
elevated baseline AFP of at least 20 ng/mL [23, 24], and safety, 
characterized by adverse event profile and dose modifications or 
discontinuations for toxicity. Tumor genotype by NGS was ex-
plored for relationship with TTP and OS using log-rank tests, and 
for association with clinical covariates using Fisher’s exact tests. 
There was no correction for multiple comparisons owing to ex-
ploratory nature of these analyses.

Results

Patient Characteristics
Twenty-nine patients were enrolled (24 at UCSF, 5 at 

NWU) between October 2012 and October 2015. One pa-
tient enrolled at NWU was replaced due to discontinua-
tion for elevated liver function prior to starting treatment. 
The most common cause of underlying liver disease was 
hepatitis C virus (HCV) in 48%, with HBV as the cause of 
liver disease in 28%. Most patients (86%) had advanced, 
Barcelona clinic liver cancer stage C disease, with portal 
vein thrombosis in 41% and extrahepatic spread in 69%. 
Serum AFP level was at least 400 ng/mL in 31%. A major-
ity of patients (72%) had received at least 1 prior liver-
directed therapy for HCC. Patient characteristics are 
shown in Table 1.

Patient Disposition
The median number of cycles received was 3 (range: 

1–11), as shown in Table 2. One patient enrolled at NWU 
did not receive any temsirolimus infusions and discon-
tinued from study due to elevated bilirubin attributed to 
rapid disease progression on subsequent imaging, ren-
dering the patient nonevaluable for safety or efficacy and 
requiring replacement per protocol. Dose reductions 
were required in sorafenib in 7%, in temsirolimus in 29%, 
or in both drugs in 11%; drug discontinuation for toxic-
ity occurred in 14% for temsirolimus and in 11% for both 

Table 2. Patient disposition

Patients treated (N = 28) N or median (range or %)

Median cycles received 3 (1–11)
Evaluable for safety 28 (100)
Evaluable for efficacy 28 (100)
Dose reduction for AE

TEM 8 (29)
SOR 2 (7)
Both 3 (11)

Dose discontinuation for AE
TEM 4 (14)
SOR 0
Both 3* (11)

Reason for discontinuation
Tumor progression 22* (79)
Adverse event/toxicity 6 (21)

* One patient discontinued due to clinical progression and at 
least possibly treatment-related toxicity; principal reason for dis-
continuation was adjudicated as progression. AE, adverse event.
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drugs. Most patients (79%) discontinued treatment due 
to disease progression, though 21% discontinued due to 
AEs without progression.

Efficacy Outcomes
Twenty-eight patients (97%) were evaluable for the 

primary endpoint of TTP. The median TTP was 3.7 (95% 
CI: 2.2, 5.3) months, with 14% (95% CI: 0.5, 28) achieving 
TTP of at least 6 months (see Fig. 1). The median OS was 
8.8 (95% CI: 6.8, 14.8) months (see Fig. 2). There were no 
partial or complete responses on study. A best response 
of stable disease occurred in 21 (75%), while 4 (14%) had 

best response of progressive disease (Table 3). There was 
no significant relationship between HBsAg + or HCV Ab 
+ status and TTP or OS outcomes.

Safety
Serious adverse events (SAEs) occurred in 6 of 28 

(21%) safety-evaluable patients, with at least possibly 
treatment-related SAE occurring in 2 patients (7%) (1 
patient with an SAE of grade 3 diarrhea and grade 3 de-
hydration requiring hospitalization, and 1 patient with 
SAE of grade 3 cellulitis and grade 2 extremity pain re-
quiring hospitalization). The most common treatment-
related AEs of CTCAE grade 3 or higher were hypo-
phosphatemia, thrombocytopenia, and rash. Adverse 
events adjudicated as at least possibly related to treat-
ment with incidence of at least 10% are displayed in 
Table 4.

Biomarker Analyses
AFP response, defined as decline in AFP from baseline 

AFP level of at least 50%, occurred in 10 of 21 patients 
(48%) who were evaluable with baseline AFP elevation of 
at least 20 ng/mL and at least 1 serial AFP measurement 
on treatment. Patients who experienced an AFP response 
had longer TTP (median 5.8 months, 95% CI: 4.1, 9.3) by 
comparison to patients without AFP response (n = 11), 
for whom the median TTP was 2.3 months (95% CI: 1.6, 
3.5) (p < 0.0001 by log-rank test) (see online suppl. Fig 1a; 
see www.karger.com/doi/10.1159/000518297 for all on-
line suppl. material). Median OS was also longer in pa-

Time to progression

TTP in months

Median TTP 3.7 months
(95% CI: 0.5, 28)
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Fig. 1. TTP in efficacy-evaluable patients (n = 28). One patient was 
not evaluable for TTP due to hepatic decompensation requiring 
removal before receipt of any dose of temsirolimus. TTP was cen-
sored according to protocol for 6 patients who discontinued treat-
ment for adverse events without progression. TTP, time to pro-
gression; CI, confidence interval.

Overall survival

OS in months

Median OS 8.8 months
(95% CI: 6.8, 14.8)
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Fig. 2. OS for enrolled study population (n = 29). OS was censored 
for 1 patient still alive at time of data lock. OS, overall survival; CI, 
confidence interval.

Table 3. ORR

Best response by RECIST v.1.1 (N = 28 efficacy-evaluable), n (%)

Complete response 0
Partial response 0
Stable disease 21 (75)
Progressive disease 4 (14)
Not available* 3 (11)

* Objective radiographic response for 3 patients was not available 
due to discontinuation due to toxicity prior to restaging imaging [3]. 
One patient was not evaluable for efficacy due to discontinuation for 
hepatic decompensation before receiving a dose of temsirolimus and 
not included. ORR, objective radiographic response.
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tients who experienced AFP response (median 11.1 
months, 95% CI: 1.9, 18.3) and median OS was 7.6 months 
(95% CI: 2.3, 8.9) (p = 0.10 by log-rank test) (see online 
suppl. Fig. 1b).

Next-Generation Sequencing
Archival tumor samples were collected and evaluated 

for specimen adequacy for tumor NGS using the UCSF500 
panel. Twelve samples had sufficient tumor content for 
UCSF500 sequencing; alteration data from clinical NGS 

Category and CTCAE term (18) Grade 1–2, 
n (%)

Grade 3–4, 
n (%)

All grades 
(N = 28), n (%)

Blood and lymphatic system disorders
Anemia 3 (11) 2 (7) 5 (18)
Neutropenia 4 (14) 2 (7) 6 (21)
Thrombocytopenia 15 (54) 4 (14) 19 (68)

Constitutional disorders
Anorexia 12 (43) 0 12 (43)
Fatigue or malaise 14 (60) 0 14 (60)
Weight loss 13 (46) 0 13 (56)

Gastrointestinal disorders
Abdominal pain 7 (25) 0 7 (25)
Constipation 3 (11) 0 3 (11)
Diarrhea 14 (60) 1 (4) 15 (54)
Dry mouth 4 (14) 0 4 (14)
Dysgeusia 7 (25) 0 7 (25)
Dyspepsia/heartburn 3 (11) 0 3 (11)
Nausea 10 (36) 0 10 (36)
Stomatitis/sore mouth 6 (21) 0 6 (21)

General disorders and administration site conditions
Chills/diaphoresis 4 (14) 0 4 (14)
Fever 4 (14) 0 4 (14)
Infusion reaction 3 (11) 1 (4) 4 (14)

Hemorrhage and bleeding 7 (25) 1 (4) 8 (29)
Infections and infestations 3 (11) 1 (4) 4 (14)
Investigations and metabolic disorders

Cholesterol/triglyceride elevation 14 (60) 1 (4) 15 (54)
Hyperglycemia 4 (14) 1 (4) 5 (18)
Hypoalbuminemia 9 (32) 0 9 (32)
Hypokalemia/hypomagnesemia 7 (25) 2 (7) 9 (32)
Hypophosphatemia 13 (46) 10 (36) 23 (82)
Transaminase elevation 5 (18) 1 (4) 6 (21)

Musculoskeletal disorders
Edema 6 (21) 0 6 (21)
Musculoskeletal pain 7 (25) 0 7 (25)
Myalgias/cramping 5 (18) 0 5 (18)

Nervous system disorder
Headache 4 (14) 0 4 (14)

Respiratory disorders
Hoarseness/voice changes 7 (25) 0 7 (25)
Pneumonitis 3 (11) 0 3 (11)

Skin and subcutaneous tissue disorders
Dry skin 4 (14) 0 4 (14)
Palmar-plantar erythrodysesthesia 8 (29) 0 8 (29)
Rash 17 (61) 3 (11) 20 (71)

Vascular
Hypertension 4 (14) 1 (4) 5 (18)

There were no grade 5 events attributed to be at least possibly related to temsirolimus, 
sorafenib, or both. AEs, adverse events

Table 4. Summary of treatment-related 
AE in ≥10% of patients
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with the FoundationOne panel was included from 1 ad-
ditional patient. An additional 11 samples with sufficient 
tumor samples for NGS were procured from the preced-
ing phase I trial of the same treatment combination [18], 
resulting in a total sample size of 24 patients with avail-
able tumor NGS results (n = 23 by UCSF500, n = 1 by 
FoundationOne) (“NGS cohort”). Pathogenic alterations 
were identified in the NGS cohort with frequencies sum-
marized in Table 5, along with co-mutations and clinical 
covariates in Figure 3. The most prevalent alterations 
were in TP53 (67%), TERT promoter (38%), CTNNB1 
(33%), TSC1 or TSC2 (30%), KMT2D (17%), and CCND1/
FGF19/4/3 amplicon (13%). Wnt pathway mutations (in-
cluding CTNNB1, APC, and AXIN1) were present in 42%, 
and mTOR pathway mutations (including TSC1, TSC2, 
phosphatase and tensin homolog, phosphatidylinosi-
tol-3′ kinase, and RICTOR) were present in 46%. There 
was no significant relationship between any of the preva-
lent tumor mutations or groups with incidence ≥10% and 
TTP or OS. There was a nonsignificant trend toward 
shorter TTP and OS in patients with mTOR pathway mu-
tations. TERT promoter mutations were associated with 
HCV Ab+ (p = 0.0001), non-HBsAg+ (p = 0.223), and 
non-Asian race (p = 0.033) by Fisher’s exact tests.

Discussion

This phase II study of the combination of temsiroli-
mus plus sorafenib originated from preclinical rationale, 
suggesting potential for synergy between mTOR inhibi-
tion and vascular endothelial growth factor pathway in-
hibition, as well as promising disease control in the pre-
ceding phase I trial [18]. Among the 28 evaluable patients 

treated with the combination of temsirolimus plus 
sorafenib; however, the median TTP of 3.7 months failed 
to disprove the null hypothesis, and only 14% of patients 
were free of progression at 6 months. The median OS of 
8.8 months did not differentiate the combination from 
sorafenib as monotherapy [4, 5], or the combination of 
atezolizumab plus bevacizumab which has emerged as a 
new standard of care for first-line therapy in advanced 
HCC [25].

Contemporary to this study, the randomized, phase II 
SAKK 77/08 and SASL 29 trial reported on the outcomes 
of sorafenib 400 mg twice daily combined with everoli-
mus 5 mg once daily in 106 patients (46 treated with 
sorafenib alone and 60 treated with the combination of 
sorafenib plus everolimus) [26]. The median TTP was 7.6 
months for sorafenib monotherapy and 6.3 months for 
the combination; OS was similar in both arms (10 and 12 
months, respectively). The authors concluded that there 
was no evidence for improved efficacy for the combina-
tion, and that the rate of AEs was higher. The SAKK/SASL 
study efficacy outcomes for sorafenib in combination 
with everolimus are similar to the findings from our 
study, reinforcing the impression that the combination of 
sorafenib with an mTORC1 inhibitor does not improve 
upon outcomes for sorafenib alone in an unselected pop-
ulation.

The adverse event profile for the combination of temsi-
rolimus with sorafenib in this study indicate overall accept-
able safety and tolerability, with all-cause SAE occurring in 
21% of patients, and discontinuation for AEs required in 
14% for temsirolimus and in 11% for both drugs. These 
rates are lower than the SAE and dose discontinuation rates 
reported for the combination arm of the randomized, phase 
II trial of sorafenib with or without everolimus, perhaps 

Table 5. Summary of high-frequency tumor mutations (≥10%) by NGS with UCSF500 panel

Alteration in UCSF500 panel (19, 20) Incidence of mutation  
in pooled phase I and II 
study NGS cohort

Median TTP 
(95% CI), months

p value Median OS (95% CI), 
months

p value

Overall NGS cohort (n = 24) – 2.88 (1.71, 4.67) – 13.87 (7.59, 24.39) –
TP53 0.67 2.07 (1.38, 5.32) 0.55 13.87 (6.93, 24.39) 0.80
TERT promoter 0.38 3.45 (0.85, 4.67) 0.33 14.86 (3.32, 40.80) 0.77
mTOR pathway 0.46 1.94 (0.85, 5.52) 0.49 9.27 (2.99, 15.22) 0.12
WNT pathway 0.42 3.45 (0.85, 4.67) 0.95 7.7 (2.99, 26.79) 0.06
KMT2D 0.17 3.57 (2.30, 4.31) 0.61 24.49 (8.78, 29.42) 0.84
CCND1/FGF19/4/3 amplicon 0.13 5.33 (1.15, 9.27) 0.22 12.89 (3.65, 32.12) 0.73

NGS, next-generation sequencing; UCSF, University of California, San Francisco; OS, overall survival; TTP, 
time to progression; CI, confidence interval; mTOR, mammalian target of rapamycin.
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owing to the lower starting dose of sorafenib of 200 mg 
twice daily in our study based upon the preceding phase I 
study MTD [18]. These safety findings reinforce the impor-
tance of dose finding studies to be conducted in HCC co-
horts for combination therapies with potential for overlap-
ping toxicity and/or reliance on hepatic metabolism.

AFP response, defined in this study as 50% reduction 
occurring at any time after start of treatment in patients 
with baseline AFP of at least 20 ng/mL, was a secondary 
efficacy endpoint. AFP response was associated with sig-
nificantly prolonged TTP, and a trend toward longer OS. 
Similarly, associations between AFP response and pro-
gression-free survival and OS also have been reported 
from randomized trials of targeted therapies in patients 
with advanced stages of HCC, including sorafenib, cabo-
zantinib, and ramucirumab, as well as for the combina-
tion of atezolizumab plus bevacizumab [23, 24, 27, 28]. 
The consistency of this association between AFP response 
and efficacy outcomes across studies of systemic therapy 
in HCC warrants further prospective study of AFP re-
sponse as a surrogate for radiographic response assess-
ment in advanced HCC, noting the potential for radio-
graphic assessments to be confounded by infiltrative tu-

mor patterns, scarring from prior liver-directed therapies, 
or nodularity due to cirrhosis in this population.

A planned exploratory analysis was tumor NGS and as-
sociation with clinical endpoints. Evaluable tumor sam-
ples were available from 13 patients enrolled in this phase 
II study along with 11 additional patients from the preced-
ing phase I trial of the same treatment combination. The 
proportion of patients with TP53 mutations in this ad-
vanced HCC cohort was 67%, numerically higher than in 
earlier stage patients studied in TCGA (30.1%) [29], con-
sistent with the known association of TP53 mutation with 
poor prognosis [30]. None of the prevalent mutations or 
pathway groupings were associated with TTP or OS in this 
subanalysis; patients with mTOR pathway mutations 
demonstrated a trend toward shorter TTP and OS com-
patible with known poor prognostic impact of mTOR 
pathway activation and suggesting against substantial dif-
ferential benefit from temsirolimus in the mTOR pathway 
subgroup. TERT promoter mutations were associated 
with the presence of HCV infection and absence of HBV 
infection, as has been previously reported [31].

A potential limitation of this study was the choice of 
temsirolimus, an allosteric mTORC1 inhibitor, as the com-
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bination partner for sorafenib. Effective mTOR pathway 
targeting may require both mTORC1 and mTORC2 inhibi-
tion to address distinct downstream effectors of mTOR ac-
tivation, as well as the potential for upregulation of mTORC2 
signaling as an escape mechanism [32]. A phase I study of 
the dual mTORC1/2 inhibitor CC-223/ATG-008 achieved 
objective responses in 11% of patients in the HCC expan-
sion cohort [32, 33]. Additional studies of dual mTORC1/2 
inhibitors, including CC-223/ATG-008 as monotherapy in 
an Asian population with HBV + HCC (NCT03591965) 
and MLN0128 (NCT02575339) are now ongoing in ad-
vanced HCC; CC-223/ATG-008 is also being studied in 
combination with the anti-PD-1 immune checkpoint in-
hibitor, toripalimab in a phase I/II study in advanced solid 
tumors, including HCC (NCT04337463). Demonstration 
of safety and efficacy as monotherapy will be required be-
fore pursuing combination approaches, and the optimal 
combination partner remains unknown. Limitations of the 
exploratory tumor NGS subanalyses of this study include 
the small sample size; population heterogeneity, owing to 
pooling of data from patients in the prior phase I study; and 
the possibility that susceptibility to mTOR inhibition may 
not be predictable by tumor genotype, owing to the propen-
sity for ligand-dependent mTOR pathway activation in the 
absence of recurring mutations. The lack of adequate HCC 
tumor tissue for biomarker analyses in over half of patients 
in this study, despite requirement for histologic diagnosis 
for study entry, represents a recurring challenge in ad-
vanced HCC systemic therapy trials, underscoring the need 
to increase tumor biospecimen collection from HCC pa-
tients enrolled in prospective clinical trials.

Conclusion

The regimen of temsirolimus combined with sorafenib 
does not demonstrate sufficient efficacy to warrant fur-
ther exploration in the expanding landscape of treatment 
options for advanced HCC. Tumor genomic biomarkers 
of response remain an important unmet need to guide 
choice of targeted therapies in this biologically heteroge-
neous cancer.
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