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Background: Tirapazamine (TPZ) is a hypoxia activated drug that may be synergistic with
transarterial embolization (TAE). The primary objective was to evaluate the safety of
combining TPZ and TAE in patients with unresectable HCC and determine the optimal
dose for Phase II.
Methods: This was a Phase 1 multicenter, open-label, non-randomized trial with a classic 3
+3 dose escalation and an expansion cohort in patients with unresectable HCC, Child Pugh
A, ECOG 0 or 1. Two initial cohorts consisted of I.V. administration of Tirapazamine
followed by superselective TAE while the remaining three cohorts underwent intraarterial
administration of Tirapazamine with superselective TAE. Safety and tolerability were
assessed using NCI CTCAE 4.0 with clinical, imaging and laboratory examinations includ
ing pharmacokinetic (PK) analysis and an electrocardiogram 1 day pre-dose, at 1, 2, 4, 6, 10,
and 24 hours post-TPZ infusion and an additional PK at 15- and 30-minutes post-TPZ.
Tumor responses were evaluated using mRECIST criteria.
Results: Twenty-seven patients (mean [range] age of 66.4 [37–79] years) with unresectable
HCC were enrolled between July 2015 and January 2018. Two patients were lost to followup. Mean tumor size was 6.53 cm ± 2.60 cm with a median of two lesions per patient. Dose
limiting toxicity and maximum tolerated dose were not reached. The maximal TPZ dose was
10 mg/m2 I.V. and 20 mg/m2 I.A. One adverse event (AE) was reported in all patients with
fatigue, decreased appetite or pain being most common. Grade 3–5 AE were hypertension
and transient elevation of AST/ALT in 70.4% of patients. No serious AE were drug related.
Sixty percent (95% CI=38.7–78.9) achieved complete response (CR), and 84% (95%
CI=63.9–95.5) had complete and partial response per mRECIST for target lesions.
Discussion: TAE with TPZ was safe and tolerable with encouraging results justifying
pursuit of a Phase II trial.
Keywords: phase I trial, hypoxia activated agent, hepatocellular carcinoma, image guided
locoregional therapies, transarterial chemoembolization

The Barcelona Clinic Liver Cancer (BCLC) staging system recommends transarterial
chemoembolization (TACE) for intermediate stage hepatocellular carcinoma (HCC),
as level 1A evidence has shown TACE extends survival.1,2 TACE is the most common
palliative treatment offered to patients with intermediate or advanced HCC.3 The
overall response rate of TACE is 52% in a recent systematic review of 10,000
patients.4 Several technical iterations have been attempted to improve outcomes.5,6
Prospective randomized controlled trials (RCT) comparing drug-eluting bead che
moembolization (DEB-TACE) vs conventional TACE (cTACE) failed to show
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improved response or survival with beads.7–9 Prospective
RCT comparing TACE vs transarterial bland embolization
(TAE) also failed to show improved response or survival
with the addition of cytotoxic chemotherapy.10 Although
survival outcomes of TACE have improved in the past dec
ade, these modest gains are attributed to improvements in
imaging and microcatheter technologies enabling superselec
tive treatment.4,11,12 TACE is considered palliative because
TACE induces ischemia but it is not uniform with areas of
non-lethal hypoxia. The latter activates hypoxia induced
factor 1α and vascular endothelial growth factor (VEGF),
survival and natural selection of cancer stem cells that lead
inevitably to relapse.12–14 Several prospective RCT combin
ing sorafenib, an anti-VEGF agent (Sorafenib, Bayer
Leverkusen, Germany) with TACE yielded negative
results.12,15–17 However, local delivery of a hypoxia-acti
vated agent would potentially be synergistic with emboliza
tion compared to cytotoxic agents currently used in TACE.
Tirapazamine (TPZ) is a prodrug that is selectively toxic to
hypoxic cells in solid tumors. In a hypoxic environment, TPZ
undergoes an enzymatic reduction into hydroxyl free radicals
that non-selectively induce DNA damage and cell necrosis.
TPZ in a hypoxic environment can induce cell death non
selectively, even in cancer stem cells which have been impli
cated as a mechanism of TACE failure.18–21 Some safety data
is available on TPZ as several Phase III RCT studied its effect
when administered intra-venously (I.V.) with chemotherapy
in patients with cervical, head, and neck and non-small cell
lung cancers.22–24 Those studies all failed to show any benefit
to adding TPZ without using an approach to ensure sustained
tumor hypoxia to activate it. However, preliminary in-vivo
studies combining TPZ and hepatic artery ligation in a mouse
model demonstrated encouraging results.18 We performed
a Phase I dose escalation study combining TPZ with TAE
in patients with unresectable HCC.

Materials and Methods
All regulatory and ethics approvals were obtained from
the Food and Drug Administration with an investiga
tional new drug filed. In addition, approval from the
hepatobiliary disease-oriented team (DOT) as well as
the University of California Irvine’s institutional review
board (IRB), University of California San Francisco
IRB, Taichung Veteran General Hospital IRB, and
National Taiwan University IRB were obtained. This
trial was registered on ClinicalTrials.gov identifier:
NCT02174549 and performed in accordance with the
Declaration of Helsinki. Strobe statement is provided in
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Supplemental Table S1. This was a multicenter open
label non-randomized Phase I study with a classic three
+ three dose escalation design and an expansion cohort
conducted at four tertiary care centers in the United
States and Taiwan. All participants provided written
informed consent. The goal of the study was to deter
mine the safety, tolerability, toxicity, and pharmacoki
netics of TPZ followed by TAE. The study was
performed to determine the recommended dose of TPZ
for the Phase II trial as well as obtain preliminary tumor
response data.
Patients recruited on the trial had HCC according to
American Association for the Study of Liver Disease or
biopsy.1,25 Five patients (18.5%) were BCLC A and 22
patients (81.5%) were BCLC B. The BCLC A patients
were not operative nor ablation candidates per tumor
board decision because of severe portal hypertension,
severe comorbidities, or location of the lesion. Patients
could not have more than four lesions, with the largest
measuring less than 10 cm in diameter. Tumor volume
could not exceed 50% of the liver volume. Patients were
Child-Pugh A, ECOG 0 or 1, with platelets ≥75,000/µL,
t-bilirubin≤ 2 mg/dL, and AST/ALT<5-times the upper
limit of normal. Patients with clinical hypoxia defined as
O2 saturation less than 92% on room air were excluded; as
were patients who suffered from arterial insufficiency or
microangiopathy as evidenced by gangrenous changes,
since TPZ may lead to deterioration. Patients with
a history of stroke or acute myocardial infarction (AMI)
within the past 6 months were excluded due to concern
that TPZ may trigger a cardiovascular event. Patients with
remote history (>6 months) of stroke or AMI or stable
angina were allowed since TPZ’s half-life is short, ~40
minutes, and patients were monitored overnight to ensure
safety. Patients with prolonged QTc (>470 ms), patients
with a known diagnosis of cancer other than HCC, and
pregnant women were also excluded.
Two initial cohorts were performed with I.
V. administration of TPZ (5 and 10 mg/m2) followed by
TAE. Intra-venous IV administration of TPZ cohorts were
performed at the request of the FDA. The remaining three
cohorts consisted of intra-arterial (I.A.) administration of
TPZ at 5 mg/m2, 10 mg/m2, and 20 mg/m2 doses followed
by TAE with an expansion cohort performed at 20 mg/m2
or rounded to a fixed dose of 35 mg per treatment. TPZ
was administered first to allow homogenous distribution
throughout the tumor followed by TAE to induce hypoxia
and activate the TPZ. The intra-arterial administration of
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TPZ was the preferred route due to several advantages
including greater local concentration throughout the
tumor when TPZ is administered directly in the tumor
supplying artery vs systemically where it would have to
circulate throughout the body. Secondly, the half-life of
TPZ is only 40 minutes. With systemic administration,
enough time must be given for the TPZ to circulate into
the tumor but, at the same time, embolization must be
performed quickly to induce hypoxia and activate the
TPZ within 40 minutes. This becomes challenging when
patients have several vessels supplying tumors that must
each be catheterized and embolized within 40 minutes of
TPZ administration. The concern with mixing TPZ with
TAE was the water–oil emulsion stability and the potential
of heterogenous distribution of TPZ throughout the tumor
cells. Heterogenous distribution was seen in a VX2 rabbit
tumor model treated with conventional TACE.26
The majority of procedures were performed under
general anesthesia (42 procedures), while 19 were per
formed under conscious sedation. General anesthesia
was chosen based on comorbidities, patient preference,
and the inability to hold still or cooperate with breathing
instructions. Patients were placed supine on an angio
graphic table, access was obtained from the common
femoral artery using the Seldinger technique with stan
dard upsize to a 5Fr sheath. Selective catheterization of
the celiac artery was performed using a standard 5Fr
catheter with a dual phase cone beam computed tomo
graphy (Clarity FD20, Philips, NL) using contrast
administration of 2 mL/s for a total of 20 mL with
a 5 second acquisition delay. A microcatheter was
inserted co-axially and used for superselective catheter
ization of each tumor feeding artery. For the initial six
patients, once the microcatheter was positioned in the
tumor feeding artery, TPZ was injected I.V. from
a venous access line at a rate of 6 mL/min. After TPZ
injection, the operator waited 5 min to allow drug circu
lation before starting the embolization in a superselective
fashion using a Lipiodol and Gelfoam slurry. If multiple
tumor supplying vessels were present, then selective
catheterization and embolization was performed sequen
tially. In the remaining three cohorts, once superselective
catheterization of a tumor vessel had occurred, TPZ was
injected I.A. through the microcatheter at a rate of 6 mL/
min. Five minutes post-TPZ infusion, embolization was
performed using a Lipiodol and Gelfoam slurry. If the
tumor was supplied by multiple arteries, the TPZ volume
was divided by the number of feeding vessels.
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If more than one lesion was present, tumors were seg
mented, total tumor volume was obtained, and the propor
tion of each lesion relative to the total tumor volume was
calculated. The TPZ volume was divided between the
tumors proportionally to each tumor’s volume.
Blood samples were collected for pharmacokinetic ana
lysis 1 day pre-dose, at 15, and 30 minutes, 1, 2, 4, 6, 10,
and 24 hours after the end of TPZ infusion. An electro
cardiogram was obtained at 1 day pre-dose, 1, 2, 4, 6, 10,
and 24 hours post-TPZ infusion. Patients remained under
observation for at least 24 hours post-procedure. Patients
were discharged if they did not experience significant
adverse events (AE) and laboratory tests did not demon
strate grade three or higher elevation of AST/ALT/totalbilirubin. A complete review of systems and physical
examination, complete metabolic panel, complete blood
count, alpha fetoprotein (AFP), and adverse events (AE)
per CTCAE v 4.0 were assessed daily during hospitaliza
tion, then on days 8, 15, 22, 56, and every 56 days after
that. Repeat TPZ and TAE was done “on demand” when
viable tumor was detected, and the patient was considered
suitable for embolization. Viable tumor included residual
or recurrent tumor or new tumor in untreated area as
embolization is a localized treatment performed in
a superselective manner in this study. If patients under
went a second embolization, assessment as detailed above
was performed daily while in hospital, then on days 8, 29,
56, and then every 56 days post-procedure. Repeat embo
lization was also performed with TPZ followed by embo
lization as described above. Patients remained in their
initial assigned cohort in terms of administration route
and dose of TPZ. Meaning, a patient assigned to the
5 mg/m2 TPZ I.V. administration cohort would receive
that same dose and administration route for the initial
procedure and any repeat procedure required.
Clinic visits including a review of systems and physical
examination, imaging, complete metabolic panel, complete
blood count, AFP, as well as hepatitis testing for positive
patients were performed every 56 days. Imaging consisted
of dynamic contrast-enhanced magnetic resonance ima
ging with subtraction to avoid the ambiguity related to
Lipiodol accumulation within the tumor.
RECIST and mRECIST were evaluated on every scan
by an independent diagnostic radiologist at the same insti
tution. Efficacy was evaluated using mRECIST and
RECIST criteria to determine complete response rate
(CR), overall response rate (ORR) defined as CR and
partial response, duration of CR and duration of ORR.
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Target lesion response was measured in the TPZ with TAE
treated lesions and de novo lesions were evaluated and
assessed in the overall response. ORR is defined as the
best overall response rate by either mRECIST or RECIST
regardless of when it was achieved during the study. The
duration of response is defined as the first time CR or PR
was achieved until documented mRECIST progression
either by a 20% increase in the tumor size or the appear
ance of new lesions. Progression free survival (PFS) and
overall survival (OS) were also evaluated. PFS is defined
by the first documented progression by mRECIST or
RECIST criteria, ie, tumor size increase by 20% or appear
ance of new lesions. Although TPZ embolization is
a superselective localized therapy, PFS was censored at
progression of an existing lesion or at the first appearance
of a new lesion. Meaning a new lesion in an untreated area
of the liver was considered as progression even if the
initial lesion still demonstrated complete response and
the second lesion also achieved complete response after
treatment.

Statistical Analysis
The dose escalation study was planned as a 3+3 classic
design. In addition, an expansion cohort was planned. The
sample size was calculated based on the anticipated
improvement of 30% in complete response compared to
the historic control, ie, TACE. With 15 patients in the
expansion cohort, the study had approximately 80%
power to rule out the null hypothesis at the 5% type
I error (one-sided). Descriptive tables that summarize the
number and percentage of patients that experienced toxi
city as categorized in the NCI CTCAE version 4.0 were

generated for the overall patient population and by
patient-specific dose level. For both dose escalation and
expansion cohorts, CR rate and ORR by the modified
RECIST criteria within the territory of embolization
were used as the endpoints for efficacy assessment of
the benefit of TPZ in HCC patients. A 90% confidence
interval based on the binomial distribution was provided
for both endpoints. Time to progression, PFS, and OS
were calculated based on Kaplan–Meier method and loglog transformation for the pointwise confidence interval.
The OS was based on intent to treat. Waterfall plot and
spider plots were used to assess response and duration of
response.

Results
Twenty-seven participants (17 men and 10 women, median
[range] age=68 [37–79] years) were enrolled between
July 2015 and January 2018. All patients were reviewed
at tumor board in each of the respective institutions and
deemed unresectable by the hepatobiliary surgeons. A flow
chart was provided with the patients (see Figure 1).
Twelve participants were Asian, nine Caucasian, and six
Hispanic. All patients were Child Pugh A, with 20 having
a score of 5, the remaining seven had a score of 6. The
ALBI score was 1 in 19 patients, 2 in six patients, and 3 in
two patients. The mean tumor size was 6.53±2.60 cm.
Median number of target lesions per patient was two.
AFP levels were above 20 ng/mL (upper limit of nor
mal) in 16 patients and greater than 200 ng/mL in six
patients (shown in Table 1).
All patients were treatment naïve. All patients received
at least one embolization cycle. Eight patients received

Figure 1 Flow chart of patients.
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Table 1 Demographics of the Patients Enrolled in the Phase
I Trial
Demographics

Treated Subjects (n=27)

Age

Median=68 (range=37–79)

Gender

Male: 63%; Female 37%

Body height

Median=168 cm
(range=143–188 cm)

Body weight

Median=75.3 kg
(range=41.8–142.9 kg)

Race

Asian 44.5%; Caucasian 33.3%;
Hispanic 22.2%

Smoking history

None 44.5%; past smoker 40.7%,
current smokers 14.8%

Alcohol history

None 44.5%; social 25.9%;
frequent or more than weekly
29.6%

HBV-HCV positive

HBV positive 14.8%, HCV positive
48.1%

Tumor invasion to portal vein

0%

Underlying liver disease (some
patients had multiple

Cirrhosis 59%, alcohol 18.5%,
Fatty liver 7.4%, Nash 3.7%,

conditions)

hepatitis 29.6%, none 14.8%

Child-Pugh score at screening

5: 74%; 6: 26%

BCLC Stage

A: 18.5%, B: 81.5%

UNOS T Stage

T1: 0 patient, T2: 12 patients, T3:
13 patients, T4: 2 patients

Sum of target tumor size (cm) at

Mean=6.5; SD=2.6; Median=6.3;

baseline (n=25) per mRECIST

range=2.7–12.4

3

Total tumor volume (cm )

Mean=82.1; SD=72.3;

(n=25)

Median=69.5; range=9.7–273.4

Baseline platelet (x10^3/μL)

>100: 74%, ≤100: 26%

AFP

>20 ng/mL: 59%; >200 ng/mL:
22.2%

two cycles, eight received three cycles, two received four
cycles, and one had 5 cycles during the course of their
follow-up. The average number of treatments per patient
was 2.2 over a median follow-up of 303 days (range=23–
856). Six patients were assigned to I.V. TPZ cohorts, three
received a 5 mg/m2 dose and three a 10 mg/m2 dose. Three
patients were assigned to I.A. TPZ cohort at 5 mg/m2,
another three at 10 mg/m2, and the remaining participants
were assigned to 20 mg/m2 I.A.

Journal of Hepatocellular Carcinoma 2021:8

All patients tolerated the transarterial Tirapazamine
embolization (TATE) therapy well without dose limiting
toxicity. No dose reduction was needed. The maximum
tolerated dose was not established. Mean TPZ exposures
increased proportionally with the dose for both I.V. and I.
A. administration routes. The dose escalation was stopped
as the concerns of increasing TPZ injection volume
beyond 50 mL (20mg/m2) of a pH 4 solution in one
session outweighed the residual margin for potential
improvement in the response.
The adverse events affecting more than 5% of
patients included fatigue (37%), abdominal pain
(29.6%), nausea (25.9%), vomiting (22.2%), decreased
appetite (25.9%), fever (22.2%), and increased AST
and ALT (14.8%) that renormalized within 10 days
consistent with post-embolization syndrome (provided
in Table 2). Seven patients (25.9%) experienced very
transient hypertension. All episodes of hypertension
were intraprocedural and coincided with TPZ adminis
tration. Initial patients under conscious sedation
expressed discomfort and those under general anesthe
sia demonstrated an increased heart rate and blood
pressure during TPZ administration. In subsequent
patients, an analgesic bolus was given before TPZ
injection. Serious AEs (SAE) are listed in Table 3,
although none were considered as drug related. One
patient experienced chest pain post-procedure attribu
ted to dyspepsia as the electrocardiogram and troponins
were negative, and the patient’s symptoms resolved
with proton pump inhibitors and anti-nausea medica
tions. One patient did not respond to treatment, demon
strated progressive disease, and eventually died from
progression.
Severe cirrhosis and portal hypertension were present
at screening on imaging in 59% of cases. None of the
patients experienced worsening varices or variceal bleed
ing during follow-up. There was no statistical difference
between AST, ALT, bilirubin, albumin at screening, day 56
of cycle 1 or last follow-up. All patients but three
remained Child Pugh A until their final follow-up on
study. Two patients had decreased albumin from 2.8 to
2.7 and 2.5 respectively at their day 56 cycle 1 visit.
Neither had further deterioration in their liver function.
The third patient had stable liver function at day 56 of
cycle 1 but during follow-up developed increased bilirubin
and ascites attributed to disease progression and portal
vein invasion.
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Table 2 Subjects with Post-Treatment AEs by CTCAE Grades in
Descending Frequency (All with Frequency Above 5%)
Any AE

Grade
3–5 AE

n
Subjects in population

(%)

27

n

(%)

27

With one or more adverse events

27

(100.0)

19

(70.4)

With no adverse events
Fatigue

0
10

(0.0)
(37.0)

8
0

(29.6)
(0.0)

Abdominal pain

8

(29.6)

1

(3.7)

Decreased appetite
Hypertension

7
7

(25.9)
(25.9)

0
7

(0.0)
(25.9)

Nausea

7

(25.9)

0

(0.0)

Pyrexia
Vomiting

6
6

(22.2)
(22.2)

0
1

(0.0)
(3.7)

Constipation

5

(18.5)

0

(0.0)

Dyspnea
Headache

5
5

(18.5)
(18.5)

0
0

(0.0)
(0.0)

Insomnia

5

(18.5)

0

(0.0)

Alanine aminotransferase increased
Aspartate aminotransferase

4
4

(14.8)
(14.8)

3
4

(11.1)
(14.8)

Back pain
Bradycardia

4
3

(14.8)
(11.1)

1
0

(3.7)
(0.0)

Diarrhea

3

(11.1)

1

(3.7)

Dizziness
Abdominal pain upper

3
2

(11.1)
(7.4)

0
0

(0.0)
(0.0)

Ascites
Chest pain

2
2

(7.4)
(7.4)

0
1

(0.0)
(3.7)

Cough

2

(7.4)

0

(0.0)

Musculoskeletal pain
Peripheral Edema

2
2

(7.4)
(7.4)

0
0

(0.0)
(0.0)

Pruritus

2

(7.4)

0

(0.0)

Upper respiratory tract infection

2

(7.4)

0

(0.0)

increased

Notes: Every subject is counted a single time for each applicable specific adverse
event. A specific adverse event appears on this report only if its incidence in one or
more of the columns meets the incidence criterion in the report title, after
rounding.

Twenty-five patients had a response assessment. One
patient came to the initial three clinical weekly follow-ups
but moved abroad before the first imaging follow-up.
A second patient had a microwave ablation at an outside
hospital after his procedure before his imaging follow-up
and was excluded from the response analysis. The target
and overall lesion responses by mRECIST and RECIST
are show in Table 4, as well as overall response rate (CR
+PR) and the disease control rate (DCR). Sixty percent
(95% CI=38.7–78.9) of the treated patients achieved target
lesion CR by mRECIST criteria and 84% (95% CI=63.9–
95.5) achieved ORR by mRECIST (shown in Table 4 and
Figure 2).
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All but four patients achieved CR after the first treat
ment. Of the four patients requiring two procedures to
achieve CR, two patients were in the I.V. cohort with
lesions in both lobes. Since TPZ has a half-life of 40
minutes, its effect may have dissipated by the time the
superselective embolization of the lesions in one lobe were
complete and catheter repositioned to treat the lesions of
the other lobe. Therefore separate procedures were
planned for the right and left lobes in I.V. cohort patients.
Two patients had residual tumor and required two proce
dures to achieve CR. The majority (86.6%) of additional
procedures in CR patients were due to the appearance of
new lesions in untreated areas.
If assessed by RECIST criteria, ORR was 72% (95%
CI=50.2–88.2) in target lesions and 68% (95% CI=46.5–
85.1) overall, as shown in Table 4. One patient with CR in
target lesion developed a new lesion in non-embolized
territory, explaining the difference between target and
overall lesion responses.
The duration of response for target lesions by mRECIST
in patients with a response (complete or partial) was not
reached. The duration of response for overall lesions by
mRECIST in patients who achieved CR and CR+PR were
323 days (95% CI=101–680) and 282 days (95% CI=162–
680) (shown in Table 5 and Figure 3), respectively.
Among patients with elevated baseline AFP, 15/16
(93.8%) had a decrease in their AFP by at least 30%
post-treatment with normalization of AFP values in 9/16
(56.3%). This result is consistent with observed CR
and ORR.
A dose/response correlation in I.V cohorts was seen
with 5 mg/m2 having only a 33% CR rate compared to
the 10 mg/m2 I.V. cohort. The number of patients was
too small for statistical significance. The 5 mg/m2,
10 mg/m2, and 20 mg/m2 intra-arterial dose cohorts
including the expansion cohort all showed a 60% CR
response rate without a dose/response correlation,
implying that the tumor was likely completely saturated.
Table 6 details the response rate by cohort. There was
no difference in response between tumors greater or
smaller than 5 cm (Figure 2). An analysis of response
by tumor volume in cm3 is shown in Figure 4, although
the sample is too small for statistical significance, larger
lesions may have a better response with TATE. The time
to progression per mRECIST and RECIST was 324 days
for both, with 95% CI=205–723 days and 240–723 days,
respectively. The PFS at 6-months per RECIST and per
mRECIST were 90.5% (95% CI=67.0–97.5) and 80.5%

Journal of Hepatocellular Carcinoma 2021:8

Dovepress

Abi-Jaoudeh et al

Table 3 Serious Adverse Events (SAE)
#

SAE Term

Reasons for SAE

CTCAE Grade

Outcome

Causality

1

Chest discomfort

Medically significant

3

Resolved

Not related

2

Malignant melanoma

Medically significant

1

Resolved

Not related

3

Arterial injury

Medically significant

3

Resolved

Not related

4

Hyponatremia

Hospitalized

2

Resolved

Not related

5

Delirium

Hospitalized

2

Resolved

Not related

6

Fall

Hospitalized

3

Resolved

Not related

7

Left Fibula fracture

Hospitalized

2

Resolved

Not related

8

Deep venous thrombosis

Hospitalized

2

Resolved

Not related

9

Death

Death

5

Fatal

Not related

10

Ascites

Hospitalized

3

Unresolved

Not related

11

Bradycardia

Hospitalized

2

Resolved

Not related

12

Hypokalemia

Hospitalized

3

Resolved

Not related

13

Diverticulitis

Hospitalized

3

Unresolved

Not related

14

Fatigue

Hospitalized

3

Unresolved

Not related

15

Fever

Hospitalized

1

Unresolved

Not related

16

Thrombocytopenia

Hospitalized

3

Resolved

Not related

Notes: Please note the SAE are not redundant, ie, each happened once.

(95% CI=54.7–92.5), respectively. The median overall
survival was 52 months (95% CI=21–not reached).
Figure 5 illustrates the Kaplan–Meier curves for PFS
per mRECIST and RECIST with the median PFS per
mRECIST and RECIST with its 95% confidence interval
(CI), respectively. Figure 6, Figure 7, Figure 8 illustrates
the Kaplan–Meier curves for OS with its median and
95% CI. Figures 7 and 8 provide additional patient
examples.

Discussion
Tirapazamine combined with transarterial embolization
(TATE) was safe and well tolerated in patients with unre
sectable HCC. Our patient population consisted of nonoperative candidates due to portal hypertension, cirrhosis,
and number, size, or location of tumors. In our study, there
was no dose limiting toxicity and the maximum tolerated
dose was not reached. Dose escalation was not pursued
further as the injection volume of TPZ at a dose of 20 mg/

Table 4 Detailed Responses for Target Lesions and Overall Lesions Including Overall Response Rate and Disease Control Rate (by
mRECIST and RECIST Criteria)
Response Rate (%)

mRECIST Evaluation

RECIST Evaluation

Target Lesion

Overall Response

Target Lesion

Overall Response

CR (95% CI)

60.0% (38.7–78.9)

56.0% (34.9–75.6)

4.0% (0.1–20.4)

0.0% (0–9.5)

PR (95% CI)

24.0% (9.4–45.1)

24.0% (9.4–45.1)

68.0% (46.5–85.1)

68.0% (46.5–85.1)

SD (95% CI)
PD (95% CI)

12.0% (2.5–31.2)
4.0% (0.1–20.4)

12.0% (2.5–31.2)
8.0% (1.0–26.0)

24.0% (12.1–49.4)
4.0% (0.1–20.4)

24.0% (12.1–49.4)
8.0% (1.0–26.0)

ORR (CR+PR)

84.0% (63.9–95.5)

80.0% (59.3–93.2)

72.0% (50.2–88.2)

68.0% (46.5–85.1)

DCR (CR+PR+SD)

96.0%

92.0%

96.0%

92.0%
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Figure 2 (A) Waterfall plot of best target lesion response. (B) Waterfall plot for best target lesion response for tumors greater than 5 cm. The results are shown per
mRECIST criteria and color-coded by dose cohort.

m2 (35 mg total) was 50 mL of a pH4 solution. The goal of
intra-arterial administration was to saturate the tumor cells
with TPZ and then induce hypoxia. At the FDA’s request,
the trial was started with intravenous systemic administra
tion of TPZ. A dose/response correlation in I.V cohorts
was seen with 5 mg/m2 having a worse response compared
to the 10 mg/m2 I.V. cohort; however, the sample is small
for statistical analysis. Due to systemic circulation, the
local tumor concentration in the intravenous cohort is
estimated at no more than 5%. From the cell line studies,
depending on the cell type and the level of cellular
hypoxia, a dose of 50 nM to 10 µM of TPZ is needed to
induce cell death.18,21 In the intra-arterial administration
cohorts, the TPZ was delivered locally in the tumor-sup
plying artery, likely resulting in a much higher tumor
concentration. The 5 mg/m2, 10 mg/m2, and 20 mg/m2
intra-arterial dose cohorts all showed a 60% CR rate with
out a dose/response correlation, implying that the tumor
was likely completely saturated, which was further con
firmed by the same 60% CR rate in the fixed dose cohort
of 20 mg/m2 or 35 mg. The 20 mg/m2 or 35 mg dose of
TPZ was chosen because it would enable operators to
Table 5 Duration of Response for Complete Response and
Overall Response for Target Lesions and Overall Lesions (by
mRECIST)
Duration of Response
(Days)

mRECIST Evaluation
Target

Overall

Lesion

Response

CR (95% CI)

NR (103–NR)

323 (101–680)

CR+PR (95% CI)

NR (197–NR)

282 (162–680)

Abbreviation: NR, not reached.
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saturate large tumors without safety concerns. Indeed,
TPZ was studied extensively in Phase III clinical trials
where it was administered I.V. in conjunction with che
motherapy and/or chemoradiation for non-small cell lung
cancer, head and neck cancer, and cervical cancer at a dose
range of 260–330 mg/m2, which is much higher than the
dose used in this study.22–24 Most common AE in our
study
were
consistent
with
post-embolization
4,5
syndrome. All SAE were unrelated to the study drug.
There was no deterioration in liver function in our study
without differences in AST, ALT, bilirubin, and albumin
levels between screening and final follow-up, even in
patients with portal hypertension. TATE is performed in
a super-selective manner sparing as much normal liver as
possible. Only one patient developed ascites during fol
low-up attributed to disease progression with portal vein
invasion.
Previous studies failed to show a benefit to adding
TPZ to standard chemotherapy or chemoradiation.
However, these studies administered TPZ systemically
and did not ensure sustained hypoxic conditions neces
sary for its activation. Consistently, pre-clinical studies
using the HBx transgenic mouse HCC model demon
strated that TPZ followed by hepatic artery ligation
induced complete tumor necrosis vs minimal tumor
necrosis with TPZ alone or hepatic artery ligation
alone.18 In the same model, doxorubicin with hepatic
artery ligation resulted in less than 10% tumor necrosis.
Therefore, combination of TPZ and TAE appeared to be
synergistic. Preliminary efficacy from this Phase I study
was encouraging with an overall response rate for all
lesions of 80% by mRECIST and 68% per RECIST. The
high concordance between mRECIST and RECIST may
be explained by the fact that when a response is achieved
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Figure 3 73-year-old female with new large liver lesion. The patient had an AFP of 6,000, history of lymphoma in remission for over 5 years, diabetes, and obesity. Since the
lesion did not show avid arterial enhancement and the patient lacked HCC risk factors as well as the history of lymphoma, a biopsy was performed and demonstrated grade
¾ hepatocellular carcinoma. (A) Post-contrast coronal magnetic resonance imaging demonstrating washout of the large lesion in hepatic segments 5 and 8. (B) The
embolization with navigation. The tumor feeding vessels are determined by software with input of the operator. The tumor is segmented as seen with meshed and teal
outlines. (C) Coronal post-contrast magnetic resonance imaging at first follow-up post-procedure demonstrating no enhancement and significant reduction in size. (D) 20
months follow-up post-initial procedure showing a continued decrease in size of the treated lesion and no new lesions.

with TATE, the tumor is truly necrotic. This claim is
supported by the sustained duration of response (CR and
CR+PR) in target lesions (not reached in both) and all
Table 6 Comparison of Target Lesion Response by mRECIST
Criteria by Dose Cohort
Not

Evaluable (n=25)

Evaluable

Total

lesions (282 days for ORR and 323 days for CR group).
PFS at 6-months per RECIST and per mRECIST were
90.5% (95% CI=67.0–97.5) and 80.5% (95% CI=54.7–
92.5), respectively, if appearance of a new lesion is
counted as a PFS event. PFS can be calculated without
counting the appearance of a new lesion as a PFS event,
as done in the TACTICS trial.17 However, during our end

(n=27)
mRECIST Analysis

Cohorts
IV

CR

PR

SD

1

1

1

2

1

3

2

1

3

10 mg/m2

2

1

3

2

8

2

2

1

13

15

6

3

1

25

5 mg/m

2

10 mg/m2
IA

5 mg/m

2

20 mg/m

PD

Subtotal
3

or 35 mg
fixed
dose
Subtotal
Total

2a

25

27

Notes: aUnevaluable patients were treated, one left for another country before first
imaging and one underwent a procedure at an outside hospital before the first imaging.
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Figure 4 Details the best percentage change from baseline in the target lesion size
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Figure 5 (A) Kaplan–Meier curve of progression free survival by mRECIST. (B) Kaplan–Meier curve of progression free survival by RECIST. Median PFS and 95% CI are
provided in each case.

Figure 6 Kaplan–Meier with the overall survival with median and 95% CI.

of Phase 1 meeting, the FDA insisted that the definition of
PFS include the appearance of a new lesion. Therefore, in
the analysis of PFS duration, a new lesion was censored
as a PFS event.
Trans-arterial chemoembolization is the standard of care
for unresectable HCC1,25,27 as it confers an increase in
OS.4,27 TACE is considered palliative. Moreover, intermedi
ate HCC encompasses a large pool of patients and depending
on tumor size and technique, response varies widely. Indeed,
superselective TACE was associated with decreased local
recurrence.28 In a recent review, the authors reported that
superselective TACE for HCC smaller than 4 cm is asso
ciated with aCR of 66%; however, for lesions greater than
5 cm, CR drops to 25% only.29 However, the OS of unre
sectable HCC increased from 13.9 months with best suppor
tive therapies to 18.1 months with cTACE, 20.6 months with
DEB-TACE, and 20.8 months with TAE in a 2017 metaanalysis of RCT on transarterial therapies for HCC.9
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Therefore, from the current literature available, the tumor
size and procedural technique affect outcome more than the
chemotherapy regimens which have, thus far, failed to pro
vide additional survival or efficacy benefits.6,9 We combined
a novel hypoxia-activated agent with TAE that would be
synergistic with sustained hypoxia produced by emboliza
tion. Our study demonstrated an improved CR rate in target
lesions with TATE vs rate reported in the literature with
cTACE (60% vs 26%) for the tumor size3,12,27 reported in
this study (ie, 6.53 cm). The majority of patients achieved CR
after one procedure and there was no difference in response
between lesions smaller or greater than 5 cm. In fact, the
response per volume of tumor had a trend of improved
response with larger tumors; however, the sample size is
too small for statistical significance. That being said, it does
confirm that the response remains high in larger lesions with
TATE. Although some weak publications exist, data and
guidelines have not endorsed hepatic arterial infusion or
stereotactic body radiotherapy in the treatment of HCC.1
Lobar transarterial radioembolization (TARE) is generally
reserved for patients who have progressed with TACE and
lobar TARE failed to demonstrate an advantage compared to
sorafenib in multiple prospective randomized trials.30,31
Radiation segmentectomy has emerged in recent years as
a more effective therapeutic option; however, the recently
presented retrospective Legacy trial included only patients
with solitary tumors, less than 8 cm.32 Our patient population
had multiple lesions up to 10 cm. The Legacy trial recom
mends a minimum of 400 Gy dose to the treated area basi
cally “ablating” the entire treated area.32 Delivering over 400
Gy in multiple areas in cirrhotic patients may precipitate liver
failure. Our patients had multiple lesions in multiple seg
ments. Patients with multiple larger lesions currently treated
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Figure 7 69-year-old male with history of hepatitis C and newly discovered biopsy proven HCC, AFP was 2.1. Two lesions were present, one in the right lobe and one in the
left lobe (not shown). (A) Axial arterial phase MRI demonstrated arterially enhancing lesion measuring 5.1 cm. (B) Delayed coronal phase MRI demonstrates capsular
enhancement. (C) Axial MRI obtained 6 months after the procedure demonstrating no enhancement and decrease in lesion size. (D) Axial venous phase MRI 18 months
post-treatment demonstrates continued lesion size decrease, and no enhancement was seen on arterial (now shown) or delayed phases.

Figure 8 65-year-old male with history of alcohol and non-steatohepatitis with biopsy proven HCC and AFP 6.9. (A) An axial delayed phase MRI which demonstrates a large
lesion with capsule (biopsy proven) measuring 51 mm in segment 4B at the portal bifurcation. The patient also had a second lesion in segment 5 measuring 17 mm (not
shown). (B) Axial subtraction arterial phase MRI demonstrating the lesion with mild enhancement. (C) The arterial phase MRI without subtraction. The lesion is hypoenhancing. (D) Fluoroscopy imaging during the embolization showing the lesion segmented (blue), the second lesion is seen in teal. (E) An axial image of a subtraction
arterial phase MRI obtained 9 months after the embolization with TPZ showing a significant decrease in size in the segment 4B lesion at the portal bifurcation. There is no
enhancement. The second lesion also showed complete response. (F) is an axial image of the same arterial phase MRI without subtraction depicting the decreased size of the
lesion without any enhancement.
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with TACE have an unmet need for improved therapy. In the
great majority of patients achieving CR with TATE, repeat
procedures were due to new lesions in untreated areas of the
liver discovered during follow-up. Moreover, there was an
improved ORR with TATE vs TACE reported in a large
meta-analysis (80% vs 52%).4 PFS at 6-months in that
meta-analysis was 57.2%, while PFS at 6 months was
90.5% with TATE.4 This is consistent with previous data
demonstrating that CR results in prolonged PFS and
OS.33–35 Prior reports have shown that TPZ is capable of
killing hypoxia-induced cancer stem cells,36 further prolong
ing the duration of CR compared to cTACE. These results
should be confirmed in a prospective randomized trial.
Apart from the inherent limitations associated with
Phase I, ie, small number of patients, and strict recruitment
criteria, limitations of this study include the lack of
a mandatory biopsy to determine grade of the HCC trea
ted, although some patients did have biopsies and various
tumor grades were seen on pathology. The dose escalation
was stopped, and the maximum tolerated dose was never
reached. It was not possible to determine in-vivo the level
of drug needed for cell death, although it seems that the
drug levels were sufficient to cause tumor necrosis.

Conclusion
This Phase I study demonstrated that I.A. TPZ with bland
embolization for unresectable intermediate HCC was safe,
tolerable without liver function deterioration. Moreover,
tumor response appears encouraging with a CR of 60% and
ORR of 84% per mRECIST for target lesion (NCT02174549).

oriented team (DOT) as well as the University of
California Irvine’s institutional review board (IRB),
University of California San Francisco IRB, Taichung
Veteran General Hospital IRB and National Taiwan
University IRB. This trial was registered on
ClinicalTrials.gov identifier: NCT02174549. All partici
pants provided written informed consent. The trial was
performed in accordance with the Declaration of Helsinki.
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