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Abstract
Background: Sorafenib (Sor) remains a �rst-line option for hepatocellular carcinoma (HCC) or refractory renal cell
carcinomas (RCC). PLC/PRF/5 HCC model showed upregulation of hypoxia with enhanced e�cacy when Sor is
combined with hypoxia-activated prodrug evofosfamide (Evo).

Methods: This phase IB 3 + 3 design investigated 3 Evo dose levels (240, 340, 480 mg/m2 on days 8, 15, 22),
combined with Sor 200 mg orally twice daily (po bid) on days 1-28 of a 28-day cycle. Primary objectives included
determining maximum tolerated dose (MTD) and recommended phase II dose (RP2D) of Sor + Evo.

Results: Eighteen patients were enrolled (median age 62.5 years; 17 male /1 female; 12 HCC/6 RCC) across three
dose levels (DL0: Sor 200 mg bid/Evo 240 mg/m2 [n=6], DL1:Sor 200 mg bid/Evo 480 mg/m2 [n=5], DL1a: Sor 200
mg bid/Evo 340 mg/m2 [n=7]). Two dose-limiting toxicities (DLTs) were reported with Evo 480 mg/m2 (grade 3
mucositis, grade 4 hepatic failure). Grade 3 rash DLT was observed in one patient at Evo 240 mg/m2. No DLTs
were observed at Evo 340 mg/m2. MTD and RP2D were established as Sor 200 mg/Evo 340 mg/m2 and Sor
200/Evo 240 mg/m2, respectively. The most common treatment-related adverse events included fatigue, hand-foot
syndrome, hypertension, and nausea/vomiting. Two partial responses were observed, one each at DL0 and DL1a.;
disease control rate was 55%.

Conclusions: RP2D was established as sorafenib 200 mg bid + Evo 240 mg/m2. While preliminary anti-tumor
activity was observed, future development must account for advances in immunotherapy in HCC/RCC. 

NCT01497444

Date of registration December 20, 2011

Introduction
Hepatocellular carcinoma (HCC) remains one of the deadliest cancers globally. Currently, it is the fourth leading
cause of cancer death worldwide.(1) Patients often present with advanced disease when �rst diagnosed. Since
2007, sorafenib, an oral multikinase inhibitor, has been established as �rst line systemic therapy for patients with
advanced HCC. This is based on the results of a phase III clinical trial (SHARP) where Llovet and colleagues
randomized 602 patients to sorafenib or placebo. Patients on the sorafenib arm demonstrated an improvement in
overall survival (OS) (10.7 versus 7.9 months; hazard ratio (HR), 0.69; 95% CI, 0.55-0.87; P<0.001).(2) Survival
bene�ts were observed in a separate trial in patients in the Asia-Paci�c region.(3) Recent advances in systemic
treatments have led to longer survival; the combination atezolizumab and bevacizumab resulted in 12-month
survival rates of 67.2% compared to 54.6% in the sorafenib arm.(4) However, responses remain short for the
majority of patients with refractory disease.(5-7) Additional therapeutic options in this setting are urgently needed.

New cases of renal cell carcinoma (RCC) affect more than 70,000 individuals in the US(8) and 300,000 individuals
worldwide yearly.(9) The 5-year survival for patients with distant metastatic disease is low at 13%.(10) Since 2005,
targeted therapies utilizing tyrosine kinase inhibitors (TKIs), anti-VEGF antibodies as well as mammalian target of
rapamycin (mTOR) have been used in �rst- and second-line treatments. The addition of immune checkpoint
inhibitors has further improved the overall response rate and progression-free survival (PFS) in selected
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populations.(11, 12) However, the majority of patients progress on these therapies and as such, there remains a
signi�cant unmet need.

Hypoxia has been well characterized in HCC(13) and RCC(14) and is associated with worsening prognosis.
Hypoxia has been postulated to promote genomic instability, acceleration and accumulation of mutations(15) that
confer drug resistance and lead to invasive and metastatic potential. High proportions of solid tumors with
hypoxic regions showed resistance to radiation and conventional chemotherapy due to inability to penetrate
beyond 50-100 µm from capillaries.(16, 17) Therapeutics designed to target these areas may augment and
complement the anti-tumor activity of standard drugs by exploiting tumor hypoxia through activation of a pro-
drug. This class of drug is designated as hypoxia activated prodrugs (HAPs).

TH-302 or evofosfamide (Evo), a second generation of HAPs, is a nitroimidazole-linked prodrug of a brominated
version of isophosphoramide mustard (Br-IPM).(18) When exposed to hypoxic conditions, Evo is reduced at the
nitroimadazole site by intracellular reductase leading to subsequent release of Br-IPM. Br-IPM then acts as a DNA
crosslinking agent. In areas of normoxia, evofosfamide remains intact as prodrug and toxicity is minimized.
Numerous preclinical and clinical studies have demonstrated its effect across different cancer types including
HCC and RCC.(19-24) Preclinical studies using sorafenib in the PLC/PRF/5 HCC model showed upregulation of
hypoxia in both HCC and RCC.(25) The addition of TH-302 to sorafenib showed delayed tumor growth compared
to TH-302 or sorafenib alone.

The current phase IB study was designed to determine the dose-limiting toxicities (DLTs) and maximum tolerated
dose (MTD) of TH-302 and sorafenib in patients with advanced HCC and RCC.

Methods
Study Design

North Central Cancer Treatment Group (NCCTG) study N1135 was a phase I single-arm trial that used a classical
3+3 dose escalation, followed by a maximum tolerated dose (MTD) dose-expansion design in patients with
advanced HCC and RCC. The starting regimen was given as follows: sorafenib 200 mg orally twice a day on days
1 to 28 and Evo 240 mg/m2 on days 8, 15 and 22 every 28 days. Dose escalation entailed Evo dosed at 340
mg/m2 and 480 mg/m2. Three patients were treated at each dose level, and were observed for a minimum of 4
weeks to assess for toxicities before new patients were treated. DLT was de�ned as adverse event attributed to the
study treatment in the �rst four weeks of combination therapy. DLTs included febrile neutropenia, any grade 4
neutropenia lasting more than 7 days, grade 4 thrombocytopenia, grade 5 toxicity attributed to study treatment,
any grade ischemic events and any nonhematologic adverse events grade 3 or greater lasting 14 days or more.
Table S1 includes the full de�nition. Patients were treated until disease progression, unacceptable toxicity as
de�ned by DLT, withdrawal of consent for treatment, physician decision or death. NCCTG is now part of the
Alliance for Clinical Trials in Oncology.

Patients

Patients recruited were age 18 years and older, had cytological or histological con�rmed diagnosis of advanced
hepatocellular or renal cell carcinoma with an Eastern Cooperative Oncology Group (ECOG) performance status of
0 or 1. HCC patients had Child Pugh A or B7 liver disease and were not amenable to surgery or orthotopic liver
transplant. Patients with prior �rst-line treatment with sorafenib were allowed. RCC patients had received standard
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approved �rst-line therapy only. Adequate blood and organ function, as well as measurable disease per Response
Evaluation Criteria in Solid Tumors (RECIST) version 1.1 were required for inclusion. Patients were excluded if they
had active malignancy within 3 years prior to registration, were pregnant or nursing women, had inadequately
controlled hypertension, prolonged QTc >500 msec on baseline electrocardiogram, �brolamellar histology HCC or
mixed hepatocholangiocarcinoma, hepatic sarcomas and other non-HCC primary liver tumors (See S2 for full
protocol). The study protocol was approved by the institutional review board at each study site. All patients signed
an IRB-approved, protocol-speci�c written informed consent document in accordance with federal and institutional
guidelines.

Assessments

The primary end-point was the incidence of DLTs assessed in cycle 1 (DLTs are de�ned in Supplementary Table
S1). A minimum of 3 patients were enrolled in each consecutive dosing cohort. If DLTs occurred in more than or
equal to two of 6 patients, the dose was de-escalated. Safety was continuously evaluated by incidence and
severity of treatment emergent adverse events according to National Cancer Institute Common Terminology
Criteria for Adverse Events version 4.0. After treatment discontinuation, each patient was followed for disease
progression and survival for up to 3 years after registration. The objective response rate was assessed by
computed tomography or magnetic resonance imaging according to RECIST v1.1 criteria.

Statistical Methodology

Primary objectives were to determine the MTD and recommended phase II dose (RP2D) of combination sorafenib
and Evo. Secondary objectives included assessment of overall safety pro�le, con�rmed response rate based on
RECIST 1.1 criteria, progression-free survival (PFS) and overall survival (OS). PFS was de�ned as the time from
registration to death due to any cause or disease progression. OS was de�ned as the time from registration to
death due to any cause. Kaplan-Meier methodology(26) and the log-rank test were used to describe the distribution
of PFS and OS by dose level. Continuous data was compared across the dose levels via the Kruskal-Wallis test
and categorical data were compared across dose levels using the Fisher’s exact test. All analyses of secondary
data were highly exploratory given the small sample sizes at each dose level. Two-sided p-values < 0.05 were
considered statistically signi�cant and SAS 9.4 was used for statistical analysis. Data collection and statistical
analyses were conducted by the Alliance Statistics and Data Center. Data quality was ensured by review of data by
the Alliance Statistics and Data Center and by the study chairperson following Alliance policies. All analyses were
based on the study database frozen on [December 4, 2020].

Results
Patient disposition

A total of 24 patients were enrolled across the 3 dose levels from June 2012 to December 2015, of which 18 were
treated and evaluable for response. All patients have discontinued treatment, with the majority discontinuing due
to adverse events (n=8, 44%), followed by disease progression (n=6, 33%) and withdrawal by patients (n=3, 17%).
One death occurred on study (grade 5 esophageal hemorrhage that occurred during cycle 3) and was not related to
study treatment. The median follow-up was 24.5 months (range: 17.2-31.7). 

Baseline characteristics
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Patient demographics and baseline characteristics are described in Table 1 and S2. The median age was 62.5
years and most patients (94.4%) were male. Twelve patients had diagnosis of HCC, while 6 had RCC. For HCC
patients, the majority of patients had cirrhosis (83.3%), median Child Pugh score of 6, and median albumin of 3.6
g/dL. Most patients did not receive prior locoregional therapy including chemoembolization (75.0%) or tumor-
directed therapy (66.7%).

Safety

Patients were enrolled across three dose levels: 0, 1 and +1a. Table 2 summarizes the safety of all treatment
levels. At dose level 0, one DLT occurred during cycle 1 with grade 3 papulopustular rash possibly related to
treatment. Two patients experienced DLT with dose level 1: grade 3 oral and anal mucositis de�nitely related to
treatment and grade 4 hepatic failure possibly related to treatment. No DLT was observed at dose level +1a.

The observed grade 3 or higher AE rate was higher for dose level 1 (60%) compared to the other dose levels (50%
dose level 0, 29% dose level 1a, respectively). Due to small numbers, this was not statistically signi�cant (Fisher’s
exact p=0.60). The most common treatment-related adverse events (TRAEs) were fatigue (n=11), hand-foot
syndrome (n=7), hypertension (n=7), nausea/vomiting (n=7), weight loss (n=5), oral mucositis (n=4), diarrhea
(n=4), and rash (n=4) (Table 3). There were no treatment-related deaths. The MTD was established at
evosfosfamide of 340 mg/m2 and sorafenib 200 mg BID. The RP2D was evofosfamide 240 mg/m2 and sorafenib
200 mg bid, 1 level below MTD.

Treatment exposure

For dose level 0, 6 patients received a median of 3.5 cycles (range 1-6). For dose level 1, median of cycles received
was 2 (range: 1-4). Of the 7 eligible patients enrolled to dose level +1a, median number of cycles was 2 (range 1-
11). Across all patients, the median number of treatment cycles received was 2 cycles (range: 1-11). 

E�cacy

Preliminary evidence of anti-tumor activity was observed with the combination. Two partial responses (one
uncon�rmed) were noted (2/18, 11.1%). The disease control rate de�ned as partial response plus complete
response and stable disease was, 55.6% (10/18) (Table S3). Further exploratory analyses were conducted by dose
level and by tumor type. The median progression-free survival for all 3 groups were 3.6 months (95% CI, 2.6-21.0)
for dose level 0, 2.0 months (95% CI, 1.8-4.1) for dose level 1, and 7.8 months (95% CI, 2.4-24.6) for dose level +1a,
(Fig. 1) (p=0.0191). The median overall survival was 18.5 months (95% CI, 4.9-22.3) for dose level 0, 23.7 months
(95% CI, 6.9-NE) for dose level 1, and 13.4 months (95% CI, 5.7-24.6) for dose level +1a, (Fig. 2), (p=0.2782). There
are 2 patients still alive of the 18 eligible patients. Of these 2 patients, the median follow-up was 24.5 months
(range: 17.2-31.7). The overall median PFS across all 18 eligible patients was 3.6 months (95% CI: 2.1-17.4) (see
Fig S1). The overall median OS across all 18 eligible patients was 17.9 months (95% CI: 6.9-24.6) (see Fig S2).
Within HCC only, the overall median PFS was 6.3 months (95% CI: 2.1-NE) and the overall median OS was 13.9
months (95% CI: 4.9-NE) (Figures S3-S4). 

Discussion
Hypoxia is a known feature of many tumors including HCC and RCC. Tumor cells have the capability to survive
and thrive in the setting of hypoxia through metabolic reprogramming(27-29), gene expressions that suppress
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apoptosis(30) and enhancing receptor tyrosine kinase signaling (31) among many other key mechanisms.
Through these mechanisms, hypoxic regions of tumor play an important role in tumor progression and
development of aggressive phenotypes and are implicated in resistance to therapy.(32) Several bioreductive
prodrugs have been designed to target tumor hypoxia for the treatment of cancer(33); however, results have been
disappointing.(34-36)

Antiangiogenics are established therapeutics in HCC and RCC. One major drawback includes exacerbating hypoxia
due to reduction in tumor vasculature. HAPs such as TH-302 can overcome this limitation by targeting hypoxic
regions. In this phase I trial, we evaluated the safety and dose-limiting toxicity of the combination of sorafenib and
Evo in patients with advanced HCC and RCC. Results from this study established sorafenib dosing of 200 mg BID
and evosfosfamide of 340 mg/m2 as the MTD.

The combination from this study is feasible in patients with HCC and RCC after �rst-line therapy. The most
common side effects included fatigue, hand-foot syndrome, hypertension, nausea/vomiting, weight loss, oral
mucositis, diarrhea, and rash. These are consistent with side effects seen previously with single agent sorafenib(2)
and Evo.(37) Grade 3 or higher AEs (regardless of attribution) were observed in 29% of patients receiving MTD
dose and were manageable. The rate of treatment discontinuation in this study was 44%, similar to that of single
agent use of sorafenib at 38%.(2) The recommended phase II dose was established at Evo 240 mg/m2 and
sorafenib 200 mg bid, 1 level below MTD. This dose level was more tolerable, as more patients were able to stay
on treatment longer with median of 3.5 cycles of treatment with range from 1-6. Patients on MTD level stayed on
treatment for a median of 2 cycles (range from 1-11).

The e�cacy results from this study are encouraging, with 11% having a partial response and a disease control rate
of 55%. Median progression-free survival was 7.8 months and 3.6 months for MTD and RP2D cohorts,
respectively. Median OS was 13.4 months for MTD cohort and 18.5 months for RP2D. These results are consistent
with survival outcomes seen in other second-line therapy in HCC.(5-7) This study demonstrates preliminary safety
and tolerability of the combination sorafenib with TH-302 in patients with HCC and RCC. E�cacy was observed
and there is a rationale for continuation to the phase II portion at the RP2D.

Since the completion of this trial, the treatment paradigm for HCC has changed, with the U.S. Food and Drug
Administration approval of atezolizumab in combination with bevacizumab as the standard �rst-line therapy. This
presents new opportunities for novel combinations. Evosfosfamide has successfully been combined with a
number of other antiangiogenic agents including pazopanib(38), bevacizumab(39), and sunitinib(40). Preclinical
data suggest synergism when evosfosfamide is combined with immune checkpoint inhibitors in solid tumors.(41)
Studies in preclinical mouse models showed decreased frequency and density of myeloid-derived suppressor cells
with reduction of hypoxia. Indirect and direct tumor-in�ltrating T cells bene�ts were observed with increased
proliferation, cytotoxicity, cytokine production and survival. The combination of evosfosfamide and ipilimumab, a
CTLA-4 inhibitor, is currently being evaluated across solid tumors in clinical trials (NCT03098160). Based on this
rationale, future combinations could be considered with evosfosfamide, atezolizumab with bevacizumab in the
�rst-line setting in HCC.

In parallel, the treatment landscape for RCC has also changed dramatically with the addition of the combinations
pembrolizumab plus axitinib, avelumab plus axitinib, and ipilimumab plus nivolumab as front line therapies for
both favorable and unfavorable risk groups.(11, 12, 42) More recently, tivozanib, a selective inhibitor of VEGFR,
improved PFS in patients previously treated with checkpoint inhibitor plus VEGFR TKI or VEGFR TKIs alone.(43)
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Given the preclinical data suggesting synergism when evosfosfamide is combined with immune checkpoint
inhibitors, the next step is to either combine evosfosfamide with immune checkpoint inhibitors plus anti-VEGFR in
the front-line setting or combine evosfosfamide with tivozanib in the refractory renal cell carcinoma setting.

Given these advances in the therapeutic paradigm for advanced HCC and RCC, future development of HAPs such
as evofosfamide would need to be in post-immune checkpoint inhibitor settings if doublets with antiangiogenics
are evaluated further. In the �rst-line setting, feasibility would need to be established with triplet combinations
involving HAPs, antiangiogenic and immune checkpoint inhibitors, and further development would be contingent
on safety feasibility and meaningfully robust signals over established e�cacy benchmarks in those settings.

ClinicalTrials.gov Identi�er: NCT01497444
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Table 1
 

Demographics and Baseline Characteristics  (N =18)

  Dose level
0
[Sor
200/Evo
240]
(N = 6)

Dose level
1
[Sor
200/Evo
480]
(N = 5)

Dose level
+1a
[Sor
200/Evo
340]
(N = 7)

Total
(N = 18)

p value

Age (years)         0.10941

Mean (SD) 68.0 (11.8) 55.4 (8.6) 66.4 (10.2) 63.9 (11.2)  

Median 71.0 55.0 62.0 62.5  

Range (47.0–
80.0)

(43.0–
66.0)

(58.0–
86.0)

(43.0–86.0)  

Gender         0.61112

Female 1 (16.7%) 0 (0.0%) 0 (0.0%) 1 (5.6%)  

Male 5 (83.3%) 5 (100.0%) 7 (100.0%) 17 (94.4%)  

Race         0.35952

White 4 (66.7%) 5 (100.0%) 7 (100.0%) 16 (88.9%)  

Black or African American 1 (16.7%) 0 (0.0%) 0 (0.0%) 1 (5.6%)  

Native Hawaiian or Other Paci�c Islander 1 (16.7%) 0 (0.0%) 0 (0.0%) 1 (5.6%)  

Tumor Type         0.31942

RCC 2 (33.3%) 3 (60.0%) 1 (14.3%) 6 (33.3%)  

HCC 4 (66.7%) 2 (40.0%) 6 (85.7%) 12 (66.7%)  

ECOG PS         0.23902

0 0 (0.0%) 2 (40.0%) 1 (14.3%) 3 (16.7%)  

1 6 (100.0%) 3 (60.0%) 6 (85.7%) 15 (83.3%)  

Disease Status         1.00002

Not applicable 2 3 1 6  

Intrahepatic 2 (50.0%) 1 (50.0%) 2 (33.3%) 5 (41.7%)  

Extrahepatic 2 (50.0%) 1 (50.0%) 4 (66.7%) 7 (58.3%)  

Vascular Invasion         0.41922

Not applicable 2 3 1 6  

Yes 3 (75.0%) 0 (0.0%) 2 (33.3%) 5 (41.7%)  
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No 1 (25.0%) 2 (100.0%) 4 (66.7%) 7 (58.3%)  

History of Cirrhosis         1.00002

Not applicable 2 3 1 6  

Yes 3 (75.0%) 2 (100.0%) 5 (83.3%) 10 (83.3%)  

No 1 (25.0%) 0 (0.0%) 1 (16.7%) 2 (16.7%)  

Hepatitis B         0.62252

Yes 1 (16.7%) 2 (40.0%) 1 (14.3%) 4 (22.2%)  

No 5 (83.3%) 3 (60.0%) 6 (85.7%) 14 (77.8%)  

Hepatitis C         0.04762

Yes 2 (33.3%) 0 (0.0%) 5 (71.4%) 7 (38.9%)  

No 4 (66.7%) 5 (100.0%) 2 (28.6%) 11 (61.1%)  

Alcohol Related         0.38242

Yes 1 (16.7%) 0 (0.0%) 3 (42.9%) 4 (22.2%)  

No 5 (83.3%) 5 (100.0%) 4 (57.1%) 14 (77.8%)  

NASH         NA

No 6 (100.0%) 5 (100.0%) 7 (100.0%) 18 (100.0%)  

Other Etiology         NA

No 6 (100.0%) 5 (100.0%) 7 (100.0%) 18 (100.0%)  

Prior Chemoembolization         0.34552

Not applicable 2 3 1 6  

Yes 0 (0.0%) 1 (50.0%) 2 (33.3%) 3 (25.0%)  

No 4 (100.0%) 1 (50.0%) 4 (66.7%) 9 (75.0%)  

Previous Tumor Directed Therapy         0.26872

Not applicable 2 3 1 6  

Yes 0 (0.0%) 1 (50.0%) 3 (50.0%) 4 (33.3%)  

No 4 (100.0%) 1 (50.0%) 3 (50.0%) 8 (66.7%)  
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Table 2

Safety of All Dose Levels

Dose Level 0
(Sor 200/Evo 240)

Dose Level 1
(Sor 200/Evo 480)

Dose Level + 1a
(Sor 200/vo 340)

1 DLT in 6 Eligible patients 2 DLTs in 5 Eligible patients 0 DLTs in 7 Eligible
patients

3 of 6 with Grade 3 + AE (50%) 3 of 5 with Grade 3 + AEs (60%) 2 of 7 with Grade 3 
+ AE (29%)

2 of 6 with Grade 3 + AE (33%)
at least possibly related to
treatment

3 of 5 with Grade 3 + AEs (60%), at least possibly
related to treatment

1 of 7 with Grade 3 
+ AE (14%), at least
possibly related

1 DLT happened cycle 1 (Grade
3 papulopustular rash -
possibly related to treatment)

DLT 1) Grade 4 Hepatic failure DLT that occurred
during cycle 1 (possibly related to treatment).

 

  DLT 2) Grade 3 Mucositis oral (de�nitely related)
and a Grade 3 anal mucositis (de�nitely related)
during cycle 1, that was de�nitely a DLT

 

DLT, dose-limiting toxicity; AE, adverse events

 

Table 3

Safety, AEs at least possibly related (N = 18)

  Any Grade Grade 1 or 2 Grade 3 or higher

Fatigue 11 (61.1) 11 (61.1)  

Nausea/vomiting 7 (38.9) 7 (38.9)  

Hypertension 7 (38.9) 6 (33.3) 1 (5.6)

Hand-foot syndrome 7 (38.9) 5 (27.8) 2 (11.1)

Weight loss 5 (27.8) 5 (27.8)  

Diarrhea 4 (22.2) 4 (22.2)  

Rash 4 (22.2) 3 (16.7) 1 (5.6)

Oral Mucositis 4 (22.2) 2 (11.1) 2 (11.1)

AE; adverse events

Figures
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Figure 1

Progression-Free Survival by Dose Level* . *Kaplan-Meier analysis was performed
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Figure 2

Overall Survival by Dose Level*. *Kaplan-Meier analysis was performed
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