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Purpose: To evaluate safety, preliminary efficacy, pharmacokinetics, and pharmacodynamics, of fostroxacitabine bralpamide (fostrox, 
MIV-818), a novel oral troxacitabine nucleotide prodrug designed to direct exposure to the liver, while minimizing systemic toxicity.
Patients and Methods: Fostrox monotherapy was administered in an open-label, single-arm, first-in-human, phase 1a/1b study, in 
patients with hepatocellular carcinoma (HCC), intrahepatic cholangiocarcinoma, or solid tumor liver metastases. The first part (1a) 
consisted of intra/inter-patient escalating doses (3 mg to 70 mg) QD for up to 5 days, and the second part (1b), doses of 40 mg QD for 
5 days, in 21-day cycles. Safety and tolerability were evaluated by the Safety Review Committee, and efficacy was assessed every 
6 weeks with CT or MRI using RECIST 1.1 and mRECIST.
Results: Nineteen patients were treated with fostrox. Most common adverse events (AEs) were hematological and increased AST. Grade 3 
treatment related AEs (TRAE) were seen in 53% of the patients, with transient neutropenia and thrombocytopenia as the most common. No 
grade 5 AE was observed. Recommended Phase 2 dose of fostrox was 40 mg QD for 5 days in 21-day cycles. Preliminary efficacy showed 
a clinical benefit rate in the liver of 53% and stable disease (SD) as best response in 10 patients. Liver targeting with fostrox was confirmed 
with higher exposure of troxacitabine and its metabolites in liver compared to plasma. Systemic exposure of fostrox was generally low with 
troxacitabine as main analyte. Biopsies demonstrated tumor-selective, drug-induced DNA damage.
Conclusion: The phase 1a/1b monotherapy study of fostrox, in patients with liver tumors, showed a tumor selective effect in the liver 
and that 40 mg QD for 5 days in 21-day cycles is safe and tolerable. Safety and preliminary efficacy in patients with advanced HCC 
supports clinical development of fostrox in combination with other modes of action in HCC.
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Introduction
The occurrence of tumor lesions in the liver is generally associated with poor outcome independently of primary tumor type. 
This is partly due to the negative impact the lesions have on vital liver functions but also since a tumor with the ability to 
metastasize to the liver is commonly associated with a more aggressive cancer. Primary liver cancer, hepatocellular carcinoma 
(HCC), has a particularly poor prognosis, differing in certain aspects from liver metastasis. Not only is the major tumor burden 
located in the liver but more importantly, almost all HCC patients have an underlying liver cirrhosis and many die due to liver 
failure caused by the combination of tumor progression and lack of normal tissue reserve in the liver.1 The incidence of HCC is 
increasing dramatically, attributed to viral hepatitis, alcohol excess, and in particular obesity and type II diabetes-related non- 
alcoholic steatohepatitis (NASH).2 The incidence of intrahepatic cholangiocarcinoma (iCCA) is also increasing together with 
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liver metastasis from other primary tumor types, most commonly carcinomas of the colon, pancreas, and breast.3 Despite 
progress in the development of new treatments in recent years, the overall prognosis for patients with lesions in the liver is still 
poor, constituting a large unmet medical need.3

For patients with locally advanced unresectable or metastatic HCC, systemic treatment has evolved to a current 
standard of care with immunotherapy combinations.4,5 With this change in the first line, there are currently no regulatory 
approved treatments in second line post an immunotherapy combination and treatment guidelines recommend clinical 
studies for this population.6 In several tumor types with metastasis to the liver, chemotherapy has an important role and is 
the backbone partner in many combinations, particularly in tumors lacking defined molecular targets. In contrast, 
conventional systemic chemotherapy is not routinely used in HCC due to lack of proven survival benefits.7 In general, 
the clinical efficacy of chemotherapy in both liver metastatic disease and HCC is limited by systemic intolerance of the 
doses required to achieve efficacious exposure in the liver. By increasing the loco-regional exposure of chemotherapy, eg, 
by transarterial chemoembolization (TACE) or hepatic artery infusion chemotherapy (HAIC), increased efficacy in the 
liver and reduced systemic toxicities can be achieved.8 However, due to their broad action chemotherapeutic drugs are in 
many cases associated with substantial hepatic toxicities, limiting their use in patients with poor liver function.9

Fostrox is a prodrug of troxacitabine monophosphate (MP) with oral administration, enhancing the delivery to the 
liver. Bioactivation of fostrox to the active metabolite troxacitabine triphosphate (TP) is an intracellular multistep process 
dependent on liver function. The intention is to maximize the exposure to the liver by first-pass metabolism while 
minimizing systemic exposure to fostrox and troxacitabine (TRX), and thus limit adverse effects in other organs. 
Nonclinical in vivo data on rats has shown 100-fold increased delivery of the active metabolite to liver by oral 
administration of fostrox compared to intravenous administration of troxacitabine.

Troxacitabine itself is an unnatural stereochemical deoxycytidine analogue, making it resistant to deamination by 
deoxycytidine deaminase, with potent activity against HCC10 and other tumor types.11 The active metabolite is 
a substrate for DNA polymerases12 and is incorporated into DNA during replication, which results in complete DNA 
chain termination.10 Once incorporated into the DNA, the troxacitabine nucleotide is inefficiently excised, which leads to 
DNA double strand breaks, DNA damage responses, and cytotoxicity.13,14 Cytotoxic effects are strictly dependent on 
cells undergoing DNA replication, which also creates a therapeutic index favoring toxicity to cancer cells versus normal 
cells due to the differences in proliferation rate.14

Troxacitabine administered intravenously was evaluated in several clinical trials for different cancer indications15–19 

and progressed into Phase 2/3 in acute myelocytic leukemia. The development of troxacitabine was, however, discon-
tinued due to insufficient efficacy within its relatively narrow therapeutic window, when given intravenously.

A first-in-human, phase 1 study with fostrox as monotherapy in escalating doses was conducted in patients with HCC, 
iCCA, and liver metastases from other solid tumors. The primary objective was safety and tolerability, and preliminary 
efficacy, pharmacokinetics, liver targeting, and tumor selectivity were also explored. This report discusses the dose 
finding and safety data, and additionally highlights results in patients with HCC, the patient population selected for the 
next phase of fostrox development.

Materials and Methods
Clinical Study Design and Patients
The ongoing multicenter, single-arm, open-label, first-in-human phase 1/2 clinical trial is evaluating the safety and tolerability, 
and as exploratory objectives pharmacokinetics/pharmacodynamics, and preliminary antitumor activity of fostrox in HCC, 
iCCA and liver metastases from other solid tumors. As the primary objective was safety and tolerability in a patient group with 
diverse primary cancers, no formal sample size calculation was performed. The study is being conducted in several parts. 
Monotherapy part: phase 1a/1b monotherapy with fostrox intra/inter-patient dose escalation in 19 patients with HCC, iCCA or 
liver metastases from other solid tumors. Combination part 1: phase 1b combination with fostrox inter-patient dose escalation 
in combination with lenvatinib or pembrolizumab in 16 patients with up to two prior treatment lines for locally advanced 
unresectable or metastatic HCC to identify the recommended phase 2 dose (RP2D) for the combinations. Combination part 2: 
phase 2a with fostrox RP2D expansion in combination with lenvatinib in 15 patients with up to two prior treatment lines for 
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locally advanced unresectable or metastatic HCC. With the change in first-line treatment to an immunotherapy combination, 
moving TKI to the second line setting, the decision was taken to focus on the lenvatinib combination and not to proceed with 
the expansion of the combination of fostrox plus pembrolizumab.

The study was performed in accordance with the principles of the Declaration of Helsinki, the International 
Conference on Harmonization guideline for Good Clinical Practice, and applicable local regulatory requirements. The 
protocol and protocol amendments were approved by the relevant ethics committees. Written informed consent was 
obtained from all patients before the initiation of any study procedure. The study was registered at ClinicalTrials.gov 
(NCT03781934), and at EudraCT (2018–000995-14).

The phase 1a/b fostrox monotherapy part has been completed and is reported here. This part of the study was conducted at six 
investigational sites in the UK and Belgium. Patients (≥18 years) diagnosed with HCC, iCCA, or metastases from other solid 
tumors with adequate organ function, Eastern Cooperative Oncology group (ECOG) performance status ≤1 and measurable 
disease by Response Evaluation Criteria in Solid Tumors version 1.1 (RECIST v1.1), were eligible for inclusion. The main 
exclusion criteria included; tumor volume exceeding 50% of liver, history of solid organ transplant or bone marrow transplant, 
poorly controlled ascites and/or requirement for therapeutic paracentesis more frequently than once every 3 months, symptomatic 
encephalopathy within 3 months prior to Screening and/or requirement for medication for encephalopathy, esophageal variceal 
bleeding within 2 weeks prior to screening, receiving anticancer therapy within 4 weeks prior to first dose of fostrox.

Treatment
Phase 1a constituted an intra-patient dose-escalation, in which fostrox monotherapy was administered orally as capsules 
on one occasion in Cycle 0 (on Day −7 or Day −6), and once daily (QD) for up to 5 consecutive days from Cycle 1 and 
onwards. One cycle comprised a 21-day period where each patient could receive a maximum of two fostrox dose 
escalations (Figure 1). Cumulative safety data, up to and including completion of each treatment cycle for each patient 
prior to the next patient being enrolled, were reviewed by the Safety Review Committee (SRC), comprising of 
representatives from the sponsor and study site investigators.

Phase 1b constituted an inter-patient dose-escalation, in which fostrox monotherapy was administered orally as 
capsules QD for 5 days in a 21-day cycle (Figure 1). The starting dose was based on the data from phase 1a.

Figure 1 Study overview.
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The dose could be adjusted by the SRC based on their continuous evaluation of emerging safety data. Patients were 
treated until disease progression, death, unacceptable toxicity, or withdrawal of consent.

Safety Evaluation
Treatment-emergent adverse events (TEAE) were assessed according to the National Cancer Institute Common 
Terminology Criteria for Adverse Events (CTCAE) version 5.0, coded using the Medical Dictionary for Regulatory 
Activities (MedDRA) version 21.0, and assessed for relatedness by the investigators. The definition of the dose limiting 
toxicities (DLT) occurring during the first 21-day treatment cycle is described in the Supplementary Information.

Anti-Tumor Activity
The tumor response was assessed as complete response (CR), partial response (PR), stable disease (SD), or progressive 
disease (PD), via contrast-enhanced computed tomography (CT) or magnetic resonance imaging (MRI) every 6 weeks by 
an independent reviewer, according to RECIST 1.1 and mRECIST criteria. The objective response rate (ORR) was 
defined as the proportion of patients with the best response (either CR or PR), and the clinical benefit rate (CBR) was 
defined as CR, PR, or SD lasting > 6 weeks.

Pharmacokinetic and Pharmacodynamic Analysis
Blood samples for pharmacokinetic (PK) analysis were collected at pre-defined time-points (Supplementary Table 1). The 
samples were centrifuged to obtain plasma and stored at −80°C until bioanalysis. A liver biopsy for PK analysis was collected 
from 7 patients in phase 1a and 5 patients in phase 1b, 2 to 4 hours after fostrox administration in Cycle 2 and stored at −80°C 
until analysis.

The plasma samples were analyzed according to good laboratory practice (GLP) applying protein precipitation and 
liquid chromatography with tandem mass spectrometric detection to quantify the fostrox and the metabolites TRX and 
the alanine metabolite (AM) (scheme for bioactivation of fostrox in Supplementary Figure 1). The liver biopsy samples 
were analyzed using an analytical method involving sample homogenization and liquid chromatography with tandem 
mass spectrometric detection. The method was used to quantify AM, TRX, TRX-MP, TRX-DP, and TRX-TP.

Here we present PK results from Day 1 in cycles 1 and onwards where PK samples were collected. A complete 
analysis of all PK data using population PK modelling will be presented separately.

For the pharmacodynamics samples, needle biopsies containing both tumor and normal liver tissue were collected in 
Cycle 2, 2 to 4 hours after fostrox treatment, fixed in 10% neutral buffered formaldehyde and embedded in paraffin. 
Slides from the on-treatment biopsy and, if present, an archival/predose sample, were stained with hematoxylin/eosin 
(H&E), and immunohistochemistry analysis of DNA damage (pH2AX), proliferation (Ki-67), and hypoxia (GLUT1). 
Double staining for pH2AX/GLUT1 was performed to detect co-localization of DNA damage and hypoxia. See 
Supplementary Table 2 for detailed information on antibodies.

Results
Patient Characteristics
Between October 2018 and June 2021, a total of 19 patients received fostrox monotherapy in the phase 1a/1b monotherapy 
part. One patient did not complete the first cycle and could only be evaluated for safety. Overall, the median age was 64 years 
(range 47 to 84 years), with 74% being males. A total of 8 patients were diagnosed with HCC (including one with mixed HCC 
and iCCA) with a median age of 72 years (range 54 to 84 years), and 11 patients presented with liver metastases from other 
tumor types (2 patients with iCCA, and 9 patients with metastases from other solid tumors). All but one patient had progressed 
on prior systemic treatment. Demographic and other baseline characteristics are described in Table 1.

Treatment
In phase 1a, 9 evaluable patients, 2 patients with HCC, received escalating doses of fostrox monotherapy, ranging from 
3 mg to 70 mg daily for 1–5 days in 21-day cycles (Table 2).
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Each patient received a single dose at their set starting level (Cycle 0), either 3, 10, 24, 40, 50, 60, or 70 mg, followed 
by a Cycle 1 of either the dose from Cycle 0 or a dose at the next level. There were up to 2 intra-patient dose escalations 
for 1 to 4 treatment cycles. The 2 patients with HCC received a starting dose (Cycle 1) of 50 and 60 mg for 4 and 5 days 
and received 1 and 4 cycles, respectively. The maximum total dose per cycle for all patients was 300 mg (60 mg once 
per day for 5 days), and the maximum cumulative dose was 960 mg over a period of 11 weeks (Table 2).

In 4 out of 5 patients enrolled in phase 1a with doses > 40 mg for 4 or 5 days in 21-day cycles, grade ≥ 3 hematological 
adverse events were reported leading to a phase 1b dose expansion with 40 mg QD for 5 days in 21-day cycles being opened 

Table 1 Demographic and Other Baseline Characteristics by Primary Cancer Type

HCC Other Cancer Typesa Total

Number of patients 8 (42%) 11 (58%) 19 (100%)

Age (years, median [min; max]) 72 (54; 84) 57 (47;74) 64 (47;84)

Gender

Male 7 (88%) 7 (64%) 14 (74%)

Female 1 (12%) 4 (36%) 5 (26%)

Time since diagnosis (year)

1-<2 3 (38%) 4 (36%) 7 (37%)

2-<3 3 (38%) 3 (27%) 6 (32%)

3-<4 1 (12%) 2 (18%) 3 (16%)

>4 1 (12%) 2 (18%) 3 (16%)

Prior lines of systemic therapy

0 1 (12%) 0 1 (5%)

1 4 (50%) 3 (27%) 7 (37%)

2 2 (25%) 2 (18%) 4 (21%)

3 1 (12%) 3 (27%) 4 (21%)

4 0 3 (27%) 3 (16%)

Prior loco-regional therapy

0 4 (50%) 11 (100%) 15 (79%)

TACE 3 (38%) 0 3 (16%)

Laparotomy and resection 1 (12%) 0 1 (5%)

Performance status at screening (ECOG)

0 5 4 9

1 3 7 10

Study phase

Phase 1a 2 7 9

Phase 1b 6 4 10

Notes: Data are presented as number of subjects with percentages in parentheses. aPatients with intrahepatic cholangio-
carcinoma (iCCA) or liver metastasis from colorectal, gastric, esophageal, pancreas, and melanoma. 
Abbreviation: TACE, transarterial chemoembolization.
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and enrolling in total 10 patients in 3 cohorts of 3 patients each. One patient discontinued before the end of the first cycle and 
was replaced. The maximum exposure over one cycle was 200 mg (40 mg for 5 days), and the maximum cumulative dose was 
1750 mg administered over 25 weeks. Six patients with HCC were enrolled in phase 1b.

Dose reductions in phase 1a/b due to adverse events were done in 5 patients (3 HCC patients). In 3 patients from 
40 mg to 30 mg, in one patient from 40 mg to 20 mg, and in one patient from 70 mg to 30 mg (Table 3).

Safety
In phase 1a/1b all 19 patients had at least one treatment emergent adverse event (TEAE) that was also judged as either 
related or possibly related to fostrox by the investigator. The most commonly reported all grade TEAE was anemia and 
increased levels of aspartate aminotransferase (AST). All grades of neutropenia and thrombocytopenia were reported in 
42% and 42%, respectively (Table 4) and were mostly transient and in 21% of the overall patient population managed 
with dose interruption and/or dose reduction.

Grade 3 treatment related AEs (TRAE) were seen in 53% of patients with transient neutropenia and thrombocyto-
penia as the most common event. No patients had a grade 5 AE.

TEAEs leading to treatment discontinuation were reported in 4 patients, of which 2 were judged to be related and 
possibly related to fostrox; a grade 2 thrombocytopenia in an HCC patient at day 186 in the study and a grade 
2 hyperbilirubinemia in a patient with liver metastases at day 11, respectively. The additional 2 patients discontinued 

Table 2 Fostrox Dosing per Patient Dosing in Phase 1a and Phase 1b

Patient id Primary Cancer Diagnosis Number of Cycles* Days Per Cycle Dose (mg) Cumulative Dose (mg)

A5 HCC 5* 4 50/60 960

A9 HCC 2* 5 60 360

B2 HCC 9 5 40/30 1750

B4 HCC 3 5 40/30 550

B5 HCC 1 5 40 200

B7 HCC 4 5 40/30 650

B8 HCC 3 5 40 600

B9 HCC 4 5 40/20 700

A1 Esophageal carcinoma 3* 1/3 3/10 22

A2 Rectal carcinoma 3* 3 10/20 100

A3 ICCA 3* 3 20/30 160

A4 Colorectal carcinoma 3* 4 24/40 280

A6 Melanoma 3* 4/5 70/30 500

A7 Pancreatic carcinoma 3* 5 50 550

A8 Colorectal carcinoma 3* 5 60 660

B1 Rectal carcinoma 2 5 40 400

B3 ICCA 3 5 40/30 500

B6 Gastric carcinoma 2 5 40 400

B10 Colorectal carcinoma 1 5 40 200

Notes: *Cycle 0 considered as 1 cycle. Patients marked “A” were included in phase 1a, patients marked “B” were included in phase 1b. 
Abbreviations: HCC, hepatocellular carcinoma; ICCA, intrahepatic cholangiocarcinoma.
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Table 3 Dose Reductions and Reasons for Discontinuations in Phase 1a and Phase 1b

Primary Cancer 
Diagnosis / Patient id

Starting 
Dose (mg)

Dose Reduction 
to (mg)

Cycle and Day of 
Dose Reduction

Reason for Drug 
Discontinuation

Cycle and Day of 
Drug Discontinuation

HCC

A5 50 Disease progression C4D22

A9 60 Disease progression C1D50

B2 40 AE; thrombocytopenia C8D39

B4 40 30 C3D1 Withdrawal by subject C3D37

B5 40 Disease progression C2D9

B7 40 30 C2D1 Withdrawal by subject C4D29

B8 40 Disease progression C3D15

B9 40 20 C4D1 Disease progression C4D15

Other diagnosis

A1 3 AE, esophageal hemorrhage C2D14

A2 10 Disease progression C2D20

A3 20 Disease progression C2D18

A4 24 Disease progression C2D22

A6 70 30 C2D1 AE, prolonged hem toxicity C2D33

A7 50 Disease progression C2D18

A8 60 Disease progression C2D22

B1 40 Disease progression C2D24

B3 40 30 C2D1 Disease progression C3D13

B6 40 Disease progression C2D17

B10 40 Disease progression C1D16

Notes: Patients marked “A” were included in phase 1a, patients marked “B” were included in phase 1b.

Table 4 All Treatment Emergent and Treatment Related Adverse Events in Phase 1a and Phase 1b

System Organ Class Preferred Term TEAEs, All Grade 
#patients (%)

TEAEs Grade ≥3 
#patients (%)

TRAEs, All Grade 
#patients (%)

TRAEs Grade ≥3 
#patients (%)

Blood and lymphatic system disorders

Anemia 10 (53%) 4 (21%) 7 (37%) 4 (21%)

Thrombocytopenia 8 (42%) 5 (26%) 8 (42%) 5 (26%)

Neutropenia 8 (42%) 7 (37%) 8 (42%) 7 (37%)

Lymphopenia 3 (16%) 2 (11%) 3 (16%) 2 (11%)

(Continued)
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treatment due to serious adverse events (SAEs); grade 3 esophageal hemorrhage at day 48 and grade 3 spinal cord 
compression at day 38, which were both considered by the investigator not to be related to study treatment.

Two DLTs occurred during the study, in phase 1a a DLT with neutropenic sepsis was reported in one patient receiving 
fostrox at a dose of 70 mg QD for 4 days in 21-day cycles. Dose reduction to 30 mg QD for 5 days in a 21-day cycle was 
applied after this AE. In phase 1b, a DLT with grade 3 rash was reported in one patient in the first 3 patients’ cohort on 

Table 4 (Continued). 

System Organ Class Preferred Term TEAEs, All Grade 
#patients (%)

TEAEs Grade ≥3 
#patients (%)

TRAEs, All Grade 
#patients (%)

TRAEs Grade ≥3 
#patients (%)

General disorders and administration site 
conditions

Fatigue 8 (42%) – 6 (32%) –

Chest pain 3 (16%) 1 (5%) 1 (5%) 1 (5%)

Investigations

Aspartate aminotransferase increased 8 (42%) 2 (11%) 5 (26%) –

Blood alkaline phosphatase increased 6 (32%) – 4 (21%) –

Alanine aminotransferase increased 6 (32%) 2 (11%) 4 (21%) 1 (5%)

Gamma-glutamyl transferase increased 4 (21%) 2 (11%) 3 (16%) 1 (5%)

White blood cell count decreased 3 (16%) 3 (16%) 3 (16%) 3 (16%)

Platelet count decreased 3 (16%) 2 (11%) 3 (16%) 2 (11%)

Blood creatinine increased 3 (16%) – – –

Skin and subcutaneous tissue disorders

Pruritus 7 (37%) – 5 (26%) –

Palmar-plantar erythrodysaesthesia syndrome 4 (21%) – 3 (16%) –

Rash 5 (26%) 1 (5%) 5 (26%) 1 (5%)

Gastrointestinal disorders

Nausea 6 (32%) – 6 (32%) –

Constipation 5 (26%) – 2 (11%) –

Diarrhea 4 (21%) – 2 (11%) –

Vomiting 4 (21%) 1 (5%) – –

Abdominal pain upper 3 (16%) – – –

Metabolism and nutrition disorders

Decreased appetite 6 (32%) – 4 (21%) –

Nervous system disorders

Lethargy 4 (21%) – 2 (11%) –

Hepatobiliary disorders

Hyperbilirubinemia 3 (16%) 2 (11%) 1 (5%) –

Abbreviations: TEAE, treatment emergent adverse event; TRAE, treatment related/possibly related adverse event.
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fostrox 40 mg QD for 5 days in a 21-day cycle. No dose modification was applied. This DLT triggered the expansion of 
the next cohort of 3 patients at the 40 mg level. A further expansion with a third cohort of 3 patients, at the same 40 mg 
dose level, was added to characterize hematological events over a longer period of time. In the absence of a formal MTD 
as defined by the study protocol (≥2DLT at a given dose level), all available accumulated safety, tolerability, and PK was 
considered, and the recommended phase 2 dose was defined as 40 mg for 5 days in a 21-day cycle.

There were in total 14 SAEs reported (7 in 5 patients in phase 1a and 7 in 4 patients in phase 1b), out of which 4 were 
related to treatment: febrile neutropenia, neutropenic sepsis, hyperbilirubinemia, and chest pain (Table 5). There was no 
clear correlation of SAEs to fostrox dose level or cumulative exposure. From the known safety profile of troxacitabine, 
certain AEs are considered of special interest and were reported as follows: neutropenia (9 patients, grade ≥3 in 7 
patients), hyperbilirubinemia (5 patients, grade ≥3 in 2 patients), hand and foot syndrome (4 patients, no patients with 
grade ≥3), rash (4 patients, grade ≥3 in 1 patient), and stomatitis (1 patient, no patients with grade ≥3).

During follow-up, 14 patients died, with no death considered by the investigator to be related to study treatment. 
Assessments of vital signs, physical examination, and electrocardiogram did not provide any safety concerns.

Anti-Tumor Activity
In phase 1a, the 9 patients evaluable for response had a clinical benefit rate (CBR) of 44% with RECIST 1.1. Four 
patients had stable disease (SD), and 5 patients had best response of progressive disease (PD).

In phase 1b, the 9 evaluable patients all received a dose of 40 mg QD for 5 days in 21-day cycles. The CBR was 40% 
with RECIST v.1.1 (4 patients with SD), 30% with mRECIST (3 patients with SD) and 60% with RECIST 1.1 in the liver 
(6 patients with SD).

In phase 1a + 1b taken together, ORR, CR, PR, SD, and PD were 0%, 0%, 0%, 44%, and 55%, respectively, with 
RECIST v.1.1. The CBR in the liver was 53% and stable disease (SD) as best response seen in 10 patients. In patients 
with HCC, CBR was 63% with both 2 patients in phase 1a having SD and 3 out of 6 patients in phase 1b having SD, with 
two patients having SD for >12 weeks.

Table 5 Summary of Serious Adverse Events (SAE), in Phase 1a and Phase 1b, by Preferred Term 
During the Overall Study Period (Safety Analysis Set)

Preferred Term HCC 
n=8

Other Diagnosis 
n=11

Total 
N=19

Total Possibly  
Related/Related

Spinal cord compression 1 1

Neutropenic sepsis 1 1 1

Esophageal hemorrhage 1 1

Hematemesis 1 1

Campylobacter infection 1 1

Procedural pain 1 1

Aspartate aminotransferase increased 1 1

Hyperbilirubinemia 1 1 2 1

Back pain 1 1

Chest pain 1 1 1

Platelet count decreased 1 1

Febrile neutropenia 1 1 1
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Pharmacokinetics
Fostrox was quickly absorbed and eliminated in accordance with the expectations from a prodrug (Figure 2A). Maximum 
plasma concentration was generally observed within 2 hours after fostrox administration, and in most patients, fostrox 
was only quantifiable up to 4 hours post dose.

In patients dosed with 40 mg fostrox (phase 1b), the total exposure in plasma on Day 1 in Cycle 1 was low with an average 
estimated AUC0-t of 0.024 µM*h (Supplemental Table 2). Similarly, the exposure to alanine metabolite (AM) was low (Figure 2B), 
and generally not quantifiable pre-dose in repeat dose administration. TRX was the main analyte in plasma (Figure 2C), with the total 
exposure and half-life estimated to 0.48 µM*h and 24 hours, respectively, based on Cycle 1 Day 1 data (Supplemental Table 3). 
A 2-fold accumulation of TRX was observed after repeated dosing of fostrox (Figure 2D). The exposure to fostrox, TRX, and AM in 
patients enrolled in phase 1a generally increased when increasing the fostrox dose (Supplemental Table 4).

PK assessment in liver biopsies was evaluable in 8 patients, of which one patient had HCC, and 7 had metastatic liver 
disease. TRX, AM, and TRX-MP were quantified in 7, 4, and 5 of the biopsies, respectively. Patients who had 
quantifiable concentrations of at least one metabolite received doses of at least 20 mg for 3 days. Exposure to the active 
metabolite (TRX-TP) was confirmed in one patient, dosed with 30 mg for 5 days. At the time of liver biopsy collection, 
the exposure to TRX was 1.3 to 11-fold higher in liver than in plasma. Corresponding data for the AM was 19 to 40-fold 
higher concentration in liver than in the plasma. The exposure to fostrox and its metabolites in liver and in plasma in 2 
patients is presented in Figure 3.

Figure 2 Observed concentrations of fostrox in Cycle 1 Day 1 (A), the alanine metabolite (AM) Cycle 1 Day 1 (B), troxacitabine in Cycle 1 Day 1 (C) and troxacitabine in 
Cycle 1 (D) in phase 1b. The arrows indicate fostrox dose administrations. Each curve presents individual patient data (eg, 1B, 2B etc.). The lower limit of quantification 
(LLOQ) was 0.2 nM, 1.0 nM, and 3.0 nM for fostrox, TRX, and AM, respectively.
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Pharmacodynamics
Liver biopsies were obtained from 12 patients (7 in phase 1a and 5 in phase 1b) with HCC (n = 3), iCCA (n = 2), or 
metastatic liver disease (n = 7).

Liver biopsies taken on Day 4 or 5 in Cycle 2 presented with clear DNA damage in tumor tissue, as measured by 
pH2AX staining. In contrast, adjacent normal liver tissue from the same biopsy showed no evidence of DNA damage, 
with an almost complete lack of staining (Figure 4A). For 3 patients, A2, B2, and B5, an archival/pre-dose sample was 
obtained, in which an increased level of DNA damage (pH2AX%) was observed upon fostrox treatment as compared to 
the pre-dose sample (Figure 4B).

The tumor biopsies showed varying levels of Ki-67 staining, ranging from 10 to 90%, suggesting different proliferation 
rates in this rather heterogeneous group of cancers. A significantly higher percent Ki67 was observed in tumor vs normal 
liver tissue (Figure 4C). When comparing the level of DNA damage (% pH2AX) with proliferation (% Ki-67) a clear 
correlation was observed (R2=0.683) (Figure 4D).

With the exception of two tumor biopsies, one HCC (patient B5) and one liver metastatic lesion from melanoma 
(patient A6), hypoxic regions in the tumor tissue were observed, as evidenced by strong membrane staining for GLUT1. 
Double-staining showed co-localized expression of pH2AX and GLUT1, indicating DNA damage in hypoxic regions of 
the tumor. The level of pH2AX staining was not significantly different in the normoxic (GLUT1 negative) and hypoxic 
(GLUT1 positive) regions of the tumors (Figure 4E). GLUT1 staining was not observed in the normal liver tissue (data 
not shown).

Expression of the tumor suppressor TP53 was exclusively detected in tumor tissue, whereas normal liver tissue 
displayed low or non-detectable staining (Figure 4F).

Discussion
In this multicenter, single-arm, open-label, first-in-human phase 1/2a study, safety and tolerability together with 
preliminary efficacy was evaluated with fostrox monotherapy in patients with manifestation of cancer in the liver. 
Eight out of the 19 patients had primary HCC, two patients had intrahepatic cholangiocarcinoma, and the remaining 
patients had metastases from different solid tumor types including colorectal, pancreatic, gastric, and melanoma. All, 
except one HCC patient with only prior locoregional treatment, had progressed on at least one prior systemic treatment. 
Escalating doses from 3 mg to 70 mg were given for 1–5 days in a 21-day cycle in phase 1a and in phase 1b, 40 mg for 5 
days (one patient received only 4 days) in a 21-day cycle. Fostrox monotherapy was well tolerated at doses ≤40 mg, with 
mainly low grade hematological adverse events including transient neutropenia and thrombocytopenia. Four patients 
discontinued due to adverse events, where one was evidently related to fostrox with grade 2 thrombocytopenia at 
Cycle 4.

Figure 3 Concentrations of fostrox and its metabolites in plasma and liver biopsies in cycle 2 in two patients diagnosed with metastatic liver disease. For a sample amount of 
10 mg, the LLOQ was 100 nM for AM, 40 nM for TRX and 50 nM for TRX-MP, TRX-DP and TRX-TP. 
Abbreviations: TRX, troxacitabine; AM; alanine metabolite; TRX-MP, TRX-monophosphate; TRX-DP, TRX-diphosphate; TRX-TP, TRX-triphosphate.
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Due to the variation in duration of dosing, type of manifestation of cancer in the liver, as well as the small numbers of 
patients at each dose level, the results of toxicity in relation to fostrox dose and exposure should be interpreted with caution. 
However, in phase 1a neutropenia and/or thrombocytopenia of grade 3 or above were only seen in those patients receiving 
doses greater than 40 mg daily. In phase 1b, all patients started on a 40 mg dose for 5 consecutive days in 21-day cycles, and 
neutropenia and thrombocytopenia were seen in 5 out of 10 patients, and even if evaluation of safety by dose level was not 
possible, incidence of neutropenia and thrombocytopenia were examined in relation to troxacitabine AUC. There was 
a potential correlation of increased incidence of thrombocytopenia and neutropenia with exposure, with all 4 patients with 
troxacitabine AUC above or at the median level plus at least 1 cycle of follow-up had either thrombocytopenia or neutropenia 
compared to 1 out of 5 patients with troxacitabine AUC below the median level. The results might though be impacted by 
variation in duration of dosing and follow-up time. In addition, with underlying liver cirrhosis present, substantial hetero-
geneity in liver function might affect the ability to activate fostrox. Some leakage of troxacitabine from the liver into systemic 
circulation is expected and is causing the mainly transient hematological side effects seen in this study. A similar pattern, with 

Figure 4 Liver tumor biopsies. (A) DNA damage (pH2AX %) in normal liver tissue compared to tumor tissue; (B) DNA damage before fostrox and in cycle 2 of fostrox 
treatment in tumor biopsies from 3 patients; (C) Proliferation (Ki67%) in normal liver tissue compared to tumor; (D) Correlation between proliferation (Ki67%) and DNA- 
damage (pH2AX %); (E) Comparison of the level of DNA-damage (pH2AX %) in normoxic (GLUTneg) and hypoxic (GLUT1pos) tumor regions; (F) Level of TP53 positive 
cells in normal liver tissue compared with tumor. 
Abbreviations: pH2AX, histone protein H2AX phosphorylated on serine 139, GLUT1, glucose transporter 1, TP53, tumor protein 53.
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the onset of neutropenia observed on days 8–15 of troxacitabine treatment and a median time for haematological recovery of 7 
days, was previously reported20. However, compared to conventional systemic use of troxacitabine, toxicity seen with fostrox 
was as expected distinctly reduced and did not lead to the need for dose modifications in most patients.21 Treatment with 
fostrox was in general tolerable with gastro-intestinal and skin toxicity seen in only few patients, and the hematological 
adverse events were manageable and transient.

Delivery of fostrox to the liver was confirmed by the detection of significantly higher (19 to 40-fold) levels of the alanine 
metabolite in tumour biopsies compared with plasma. The alanine metabolite is an intermediate step which could only have 
been derived from the fostrox prodrug. Exposure to the active metabolite (TRX-TP) in liver biopsies was confirmed in one 
patient, dosed with 30 mg for 5 days. In mouse xenograft models, the cytostatic concentration of TRX-TP was estimated to be 
0.025 to 0.13 µmol/L (unpublished data). This suggests that relatively low levels of active metabolite, close to or below the 
LLOQ (0.05 µmol/L) of the assay used to analyze the human biopsies, may be required for anti-tumor effects.

Consistent with this notion increased pH2AX levels in tumor tissue were detected in liver biopsies from the three 
patients, treated with 20 mg for 3 days, 40 mg for 5 days and 40 mg for 5 days, respectively, for which pre-dose samples 
were available (Figure 4B).

Systemic chemotherapy is not an effective treatment option in HCC with clinically effective doses hampered by 
systemic toxicity, and the risk of harming normal liver tissue.7,9,22 Fostrox, by its prodrug mechanism, delivers cell- 
killing activity selectively to the liver. In addition, the DNA-damage, measured as pH2AX, was observed in tumor but 
not normal liver tissue (Figure 4A) is consistent with a tumor selective effect. This unique, liver targeted approach builds 
on the experience of antiviral nucleotide pro-drugs in hepatitis, harnessing the phosphoramidate prodrug approach to 
target tumor lesions in the liver.23

Preliminary efficacy seen in the HCC patients showed a CBR of 63% with stable disease in 5 patients. Three of 6 
patients that received fostrox 40 mg daily for 5 days in 21-day cycles showed stable disease ongoing at 12 weeks as 
measured by RECIST 1.1. Similar activity with fostrox monotherapy that was seen in HCC was also seen in patients with 
cholangiocarcinoma, while no activity was seen in patients with liver metastases from other tumor types. Fostrox enters 
the liver via vena porta and the difference in arterial and venous blood supply between HCC/iCCA and liver metastases 
could potentially partly explain the difference in preliminary efficacy. Liver metastases tend to be more addicted to 
arterial blood supply, while HCC relies on a more mixed vascular supply.24

In addition to reducing the tumor burden, it is of major importance to avoid harming the remaining healthy liver tissue 
and preserve the vital functioning of the liver. The tumor itself damages the liver together with comorbidities causing 
progress of the cirrhosis. An optimal treatment in advanced HCC would therefore be liver targeted, have a selective tumor 
cell killing activity to avoid damage to normal cells and have a good safety profile. The results from the phase 1a/1b 
monotherapy study with fostrox showed an acceptable tolerability and safety profile together with preliminary efficacy in 
HCC. The next part of this study includes a phase 1b/2a combination with fostrox plus lenvatinib or pembrolizumab in 
locally advanced or metastatic HCC.

Conclusion
The phase 1a/1b monotherapy study of fostrox, in patients with tumor lesions in the liver, showed that a dose of 40 mg 
QD for 5 days in 21-day cycles is safe and tolerable. Preliminary anti-tumor effect was seen in patients with advanced 
HCC and supports clinical development of fostrox in combination with drugs with other modes of action in this patient 
population.

Data Sharing Statement
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