REVIEWER COMMENTS

Reviewer #1 (Remarks to the Author) (HPB oncology, trials):
To the authors:

This is an interesting topic. | am including some comments which may assist the authors in improving
their manuscript.

Abstract:

Within the abstract, it states that 28 patients with advanced hepatopancreatobiliary malignancies were
enrolled. However, within results, it states that 8 of these patients had colorectal cancer (colorectal
liver mets), therefore, this should be clarified within the abstract.

Introduction:

Within introduction, line 101, it mentions that evofosfamide had shown promising results. References
are provided, but can you please add tumour types here, to add context.

What is the evidence for use of drugs targeting hypoxia in HPB/colorectal malignancies? What was
the rationale for this current trial in patients with HPB and colorectal malignancies? Please expand
within introduction.

Just a minor point, the abbreviation used for “Cholangiocarcinoma” is usually “CCA” not “CCC".
Results (safety sections):

Line 151, replace ...AE were judged to be owed to the... with ...AE were judged to be related to the...
Radiological response: Line 183, can you clarify at which point response was evaluated — first scan or
other?

Biochemical response: Can you clarify in line 203 which circulatory tumor markers you are referring
to? All/some?

Acknowledging that this is phase Ib study, it would still be helpful to know what the median PFS and
OS are for patients included.

Discussion:

Line 229: it is stated that treatment had high tolerability in the “severely ill". Please alter this
statement, as inclusion criteria specified that patients had an ECOG PS </= 1, and patients with
infections etc would normally be excluded, so | would not classify these patients as “severely ill”.

Line 245, it is stated that disease stabilization may be due to the natural course of the disease.
Another point to consider is that it may be related to the degree of hypoxia in tumors. Can this point
be discussed, as ideally you may want to select patients for inclusion in trials of these types of agents,
with above a median value for hypoxia to optimize chance of success. This should be explored a little.
Line 259, there is a typo. Should be ...as evidenced....and not ...as evinced.

Table 1:

There is a typo. Should read “Palpitations” in the relevant row.



Reviewer #2 (Remarks to the Author) (HPB oncology, trials):

This is a phase 1 of an pro-vasculature compound and has found MTD for subsequent studies. That
is the ONLY output of merit. The paper is unusual and disconcerting in that in addition to this
outcome:

1 Outcomes for systemic treatment that occurs after dosing are reported. It should not report "post
treatment treatment" outcomes.

2 The circulating biomarkers are non-specific surrogates and are correlated with outcome. This
should not be done. They really needed to get either imaging or direct tissue outcomes if they wanted
to find out more as these types of biomarkers have been shown to be unhelpful in the past.

3 It does not combine the drug with chemotherapy, almost the only scenario in which other angiogenic
agents have been successful.

Reviewer #3 (Remarks to the Author) (hypoxia):

Currently there are no strategies for targeting tumor hypoxia. However, many methods for targeting
hypoxia and hypoxic cells have been considered. In the current manuscript, Myo-inositol
trispyrophosphate (ITPP) is proposed as a novel re-oxygenating compound with no apparent toxicity
in preclinical models. ITPP has been show to increase the efficacy of subsequent chemotherapy by
normalizing blood vessel vasculature thereby aiding drug delivery. The current paper reveals the
results of a 3+3 dose-escalation phase 1b study (NCT02528526) involving 28 patients with advanced
hepatopancreatobiliary malignancies that received nine 8h-infusions of ITPP over three weeks across
eight dose levels and this was followed by standard chemotherapy. The maximum tolerated dose was
12,390 per mg/m2. Adverse events (32) were reported such as hypercalcemia which required little or
no intervention. This is an interesting and timely study but it did not include molecular correlates to
suggest that the drug indeed reduced hypoxia-target genes. This would have greatly improved the
study and attempted examine HIF-expression or hypoxia-targeted genes. This would also help to
inform if a lower than MTD dose may have the same efficacy.



Phase Ib dose-escalation study of Myo-inositol trispyrophosphate, a novel hypoxia-modifier,

in patients with hepatopancreatobiliary tumors

Response to Reviewers

Reviewer #1

Question 1: This is an interesting topic. | am including some comments which may assist the authors in improving their
manuscript. Abstract: Within the abstract, it states that 28 patients with advanced hepatopancreatobiliary malignancies
were enrolled. However, within results, it states that 8 of these patients had colorectal cancer (colorectal liver mets),

therefore, this should be clarified within the abstract.

Answer 1: We thank reviewer #1 for the thorough review of our manuscript and the valuable suggestions, which helped
us to improve our manuscript. We have added the term ‘and liver metastases of colorectal cancer’ to
hepatopancreatobiliary malignancies in the abstract and the manuscript where appropriate. We have left the title unchanged
due to restrictions in word numbers. If the reviewers prefer a further modification of the title, we propose to add ‘primary

and secondary’ hepatopancreatobiliary tumors.

Q2: Introduction: Within introduction, line 101, it mentions that evofosfamide had shown promising results. References

are provided, but can you please add tumour types here, to add context.

AZ2: The anti-tumor effects of evofosfamide as well as PX-473 were examined preclinically and clinically in different tumor
entities, with both drugs extensively tested in colorectal and pancreatic cancers, which were also targeted in our study.
Considering the reviewer’s suggestions regarding evofosfamide, we have added the following section including adequate
references to the manuscript: “Similarly, hypoxia-activated prodrugs such as evofosfamide, releasing bromo-
isophosphoramide mustard in hypoxic tumor microenvironment, have shown promising results in preclinical, phase | & |1
studies in pancreatic, biliary, liver and colorectal cancer as well as soft tissue sarcoma among other tumor types. However,
it failed to show benefits on survival in large scale phase I11 trials of soft tissue sarcoma and further clinical development

was subsequently abandoned.”

Q3: What is the evidence for use of drugs targeting hypoxia in HPB/colorectal malignancies? What was the rationale for

this current trial in patients with HPB and colorectal malignancies? Please expand within introduction.

A3: The rationale for selection of HPB and colorectal malignancies is based on the following considerations:

(i) Tumor hypoxia is a crucial parameter resulting in effects on both cancer cells and associated cells of the tumor

microenvironment, such as epithelial-to-mesenchymal transition with subsequent increase of metastatic potentiall,

modification of innate and adaptive immunityz' 3 and cellular metabolism®*. These aspects all contribute to an elevated risk

5

for local failure and distant metastasis®. In several large-scale transcriptional analyses of human tumor cohorts,

HPB/colorectal malignancies show intermediate to strong hypoxia scores® ” and therefore depict ideal targets for testing



anti-hypoxic therapies. As outlined in question and answer 2, previous anti-hypoxic therapies such as evofosfamide and

PX-473 were indeed tested in in colorectal, pancreatic, liver and biliary cancer.

(ii) Our collaborating colleagues from the University of Strasbourg/France (research group of Prof. Jean-Marie Lehn, Nobel
laureate in chemistry) developed ITPP, the first anti-hypoxic small chemical molecule being well tolerated in animals®.
ITPP has the potential to impact on a multitude of hypoxia mediated effects, rather than current therapeutic strategies
focusing on one specific aspect of tumor hypoxia (e.g. VEGF-inhibitor bevacizumab for tumor angiogenesis). Also ITPP
has been extensively tested in small animal models of hypoxic gastrointestinal tumor entities during its development,
providing preclinical data for murine colorectal® 1 !, hepatoma'? and pancreatic'® cancers. Based on the chemical
development reports on hypoxia as well as preclinical studies, our hypothesis was that restoring normoxia in hypoxic

HPB/colorectal neoplasms is beneficial especially in multimodal combination with cytotoxic agents® 3,

(iii) Lastly, our clinical and basic research laboratory focuses on the pharmaceutical and surgical treatment of
gastrointestinal and hepatopancreatobiliary (HPB) diseases. We developed multiple preclinical animal models for the study
of HPB 15 and colorectal malignancies'® and tested several novel pharmacological'” 18 1% 20 and surgical approaches?® 22

23,24 for treatment of tumors in a translational manner in patients.

Based on the reasons outlined above, we decided for the inclusion of the selected 4 gastrointestinal tumor types. The
respective modified paragraph detailing the rationale and evidence for the selection of HPB/colorectal malignancies has
been removed from the methods and added to the introduction.

Q4: Just a minor point, the abbreviation used for “Cholangiocarcinoma’ is usually “CCA” not “CCC”".

A4 This abbreviation has been corrected throughout the manuscript and figures.

Q5: Results (safety sections):Line 151, replace ...AE were judged to be owed to the... with ...AE were judged to be related
to the...

Ab5: This has been corrected.

Q6: Radiological response: Line 183, can you clarify at which point response was evaluated — first scan or other?

A6: Thank you for this comment. To clarify that the first assessment refers to the imaging after ITPP monotherapy, we
adjusted the according sentence as follows: “Of the 27 patients assessed for efficacy after ITPP monotherapy, 14 patients

had morphologically stable disease (SD)....".



Q7: Biochemical response: Can you clarify in line 203 which circulatory tumor markers you are referring to? All/some?

A7: We added the corresponding circulatory tumor marker (carcinoembryonic antigen (CEA) for CRLM, a-fetoprotein
(AFP) for HCC and carbohydrate antigen 19-9 (CA19-9) for PDAC and CCA) for each tumor entity in the revised version

of the manuscript.

Q8: Acknowledging that this is phase Ib study, it would still be helpful to know what the median PFS and OS are for

patients included.

A8: As per reviewer’s suggestion, we calculated median progression free survival (PFS) and overall survival (OS) and
implemented in the manuscript in a new paragraph termed “survival” in the results section. However, as also stated in the
question of the reviewer, readers of our manuscript need to acknowledge the phase 1b character of this study with a
consecutive limited conclusion regarding efficacy and survival due to the small and heterogenous sample size. Therefore,

we additionally mention these PFS and OS data in the discussion section of our manuscript to avoid overstatement.

Q9: Discussion:Line 229: it is stated that treatment had high tolerability in the “severely ill””. Please alter this statement,
as inclusion criteria specified that patients had an ECOG PS </= 1, and patients with infections etc would normally be

excluded, so I would not classify these patients as ““severely ill”.

A9: This term has been changed to “patients with advanced tumor burden”.

Q10: Line 245, it is stated that disease stabilization may be due to the natural course of the disease. Another point to
consider is that it may be related to the degree of hypoxia in tumors. Can this point be discussed, as ideally you may want
to select patients for inclusion in trials of these types of agents, with above a median value for hypoxia to optimize chance

of success. This should be explored a little.

A10: Indeed, this is a very important point raised by the reviewer and might substantially contribute for differences
observed in response rates among different tumors and patients. In our initial study protocol, we had planned to obtain both
pre- and post-treatment tumor biopsies as well as 18F-Fluoromisonidazole positron emission tomography (18F-FMISO
PET) imaging for assessment of tissue tumor hypoxia. Unfortunately, the independent ethics committee reviewing our
initial phase 1b clinical trial protocol objected to repeated excision of tumor biopsies due to the invasiveness of the
procedure and FMISO PET due to additional radiation exposure. We were therefore not able to correlate the degree of pre-
existing tumor hypoxia to response rates on ITPP treatment or changes in hypoxia mediated gene expression under anti-
hypoxic treatment with ITPP.

We have adjusted the respective passages in the discussion to make the reader aware of the aspect of underlying degree of

tumor hypoxia.

Q11: Line 259, there is a typo. Should be ...as evidenced....and not ...as evinced.

Al1: This has been corrected.



Q12: Table 1: There is a typo. Should read “Palpitations™ in the relevant row.

A12: This has been corrected.



Reviewer #2

Q13: This is a phase 1 of an pro-vasculature compound and has found MTD for subsequent studies. That is the ONLY

output of merit. The paper is unusual and disconcerting in that in addition to this outcome:

A13: We thank reviewer 2 for the critical review of our manuscript. Indeed, this is a phase 1b clinical trial reporting the
first-in-patient application of a novel first-in-its-class medical drug, the anti-hypoxic compound myo-Inositol-
trispyrophosphate (ITPP). ITPP is an allosteric effector on hemoglobin, shifting the oxygen-dissociation curve to the right
and therefore promoting hypoxia especially in hypoxic areas such as tumor tissue.

From a medical drug development point of view, phase I clinical trials are of outmost interest and always consist of the
mandatory assessment of safety and tolerability with subsequent identification of a maximum tolerated dose (MTD) of
novel compounds. Phase 1 studies are per se not intended to provide definitive statements on efficacy of compounds, as
reliable conclusions on efficacy are not possible due to increasing doses and small number of patients in cohort.

By identification of the MTD and reporting all obligatory safety and pharmacodynamic data, our study has fulfilled its aim
as phase 1 trial and complied with the predefined study endpoints as determined and accepted by the responsible ethics
committee and published at study start on public trial registries. Additionally, our study provides first insight into anti-
tumor efficacy of ITPP by assessment of both morphologic (MRI) and metabolic (18FDG-PET-CT) radiological tumor
responses under ITPP treatment and subsequent chemotherapy. Furthermore, our results offer first evidence regarding
potential anti-hypoxic efficacy in patients by evaluation of changes in serum tumor markers and experimental angiogenesis
markers in a translational manner. For the revised version of the manuscript, we are now additionally providing tissue
based markers of hypoxia of one patient, for which biopsies before and after ITPP treatment were available.

In turn, we acknowledge the phase 1b character and shortcomings of the study at hand and do not intend to overstate out
findings. Findings on anti-tumor efficacy must be perceived with caution and are preliminary at best due to the small and
heterogenous sample sizes. However, we think this study is of considerable interest for readers of Nature Communications
and researchers exploring hypoxia, since this first-in-class pharmaceutical agent might be applied in various oncological
settings or diseases and biological processes associated with hypoxia. This study offers the necessary safety and tolerability

data for researchers to continue the clinical exploration of ITPP.

Q14: 1 Outcomes for systemic treatment that occurs after dosing are reported. It should not report “post treatment
treatment" outcomes.

Al4: We report outcomes after both ITPP monotherapy and subsequent chemotherapy (“post treatment treatment’). Since
this is the first-in-patient application of the study drug, the study setup was defined based on preclinical safety and efficacy
data. In our murine experiments, we observed best tolerability when ITPP was applied sequentially before systemic
cytotoxic chemotherapy (e.g. used as a sensitizer or preconditioner, please refer also to answer 16)%°,

ITPP indirectly affects tumor growth by restoration of normoxia and reversal of hypoxia-mediated molecular alterations.
As shown in our preclinical experiments, effects on normalization of tumor vasculature are long lasting'. This implies that
ITPP can be administered independent of chemotherapy, might provide its anti-hypoxic effects for a lasting period and
therefore is amenable to subsequent chemotherapy. However, ITPP itself has no direct antitumoral activity. Our

interdisciplinary study team therefore decided to report outcomes “post ITPP monotherapy” as well as “post subsequent



chemotherapy”. By separating the administration of ITPP and chemotherapy, our study allowed a more concise evaluation
of ITPPs direct effect on tumor growth and serum angiogenesis markers independent of the effect of chemotherapy. The
current study setup also prevented any side effects which might be owed due to combined toxicity of simultaneous
administration of ITPP and cytotoxic agents. For routine future clinical application, ITPP could potentially be administered

simultaneous with chemotherapy.

Q15: 2 The circulating biomarkers are non-specific surrogates and are correlated with outcome. This should not be done.
They really needed to get either imaging or direct tissue outcomes if they wanted to find out more as these types of

biomarkers have been shown to be unhelpful in the past.

A15: We agree that systemic levels of the circulating markers of angiongenesis examined in our study can only serve as
surrogate markers of actual tumor hypoxia. However, several studies have shown that hypoxia in tumors is e.g. linked to
VEGF expression? 26 27 and systemic levels of VEGF? 2% %_ |t can therefore be assumed that systemic levels of these
biomarkers correlate to actual tumor hypoxia to a certain degree. We acknowledge the phase 1b design and small sample
size and are aware that any correlations are preliminary at best.

Indeed, tumor tissue biopsies before and after ITPP treatment for assessment of hypoxia-mediated gene expression and
biomarkers would have been favorable for this phase Ib clinical trial and would potentially have provided meaningful
insight into the anti-hypoxic effects of ITPP, but were precluded by the responsible ethic committee due to the invasiveness
of the procedure and related safety concerns in this phase I trial. The responsible independent ethics committee responsible
also objected due to repeated FMISO PET due to additional radiation exposure, which could have aided to assess tumor
hypoxia via imaging. This has been clarified in the revised manuscript.

However, one patient (Nr. 21) has had a surgical intervention (left hemi-hepatectomy) before ITPP administration, followed
by another intervention (laparotomy & microwave ablation of liver metastases) after chemotherapy subsequent to ITPP.
To answer the reviewers comments, we have analyzed these tissues and have indeed found signs of anti-hypoxic effects of
ITPP depicted by decreased carbonic anhydrase 9 and glucose transporter 1 expression with cocomitant increased signs of
vascular stability and integrity. Please refer to the new paragraph “Tissue marker responses on anti-hypoxic therapy in one

patient” in the results section and new figure 4 in the manuscript.

For the planned phase Il trial, we plan to measure tumor hypoxia more precisly using either FMISO-PET®! or BOLD-
MRI%, We are also currently assessing the possibility to obtain tumor biopsies before and after ITPP treatment to perform

detailed molecular assessments of hypoxia mediated gene and protein expression in cancer cells.

Q16: 3 It does not combine the drug with chemotherapy, almost the only scenario in which other angiogenic agents have
been successful.

A16: Thank you for this important comment. In our preclinical experiments, we assessed different application schedules
of combining ITPP and cytotoxic chemotherapy, including simultanous application (ITPP and chemotherapy administered
together), application of ITPP with subsequent chemotheray delayed by several hours or days as well as sequential
application (first administration of several cycles of ITPP followed later by chemotherapy)®©. In our preclinical small animal

models, simultaneous application of ITPP combined with standard chemotherapy was associated with signinficantly



increased morbidity and mortality compared to sequential application. For safety reasons, our interdisciplinary study team
therefore decided upon a sequental application of the study drug followed by the the standard chemotherapy for this phase

1b study. For future studies, we plan to combine ITPP with simultanous chemotherapy.



Reviewer #3

Q17: Currently there are no strategies for targeting tumor hypoxia. However, many methods for targeting hypoxia and
hypoxic cells have been considered. In the current manuscript, Myo-inositol trispyrophosphate (ITPP) is proposed as a
novel re-oxygenating compound with no apparent toxicity in preclinical models. ITPP has been show to increase the
efficacy of subsequent chemotherapy by normalizing blood vessel vasculature thereby aiding drug delivery. The current
paper reveals the results of a 3+3 dose-escalation phase 1b study (NCT02528526) involving 28 patients with advanced
hepatopancreatobiliary malignancies that received nine 8h-infusions of ITPP over three weeks across eight dose levels and
this was followed by standard chemotherapy. The maximum tolerated dose was 12,390 per mg/m2. Adverse events (32)
were reported such as hypercalcemia which required little or no intervention. This is an interesting and timely study but it
did not include molecular correlates to suggest that the drug indeed reduced hypoxia-target genes. This would have greatly
improved the study and attempted examine HIF-expression or hypoxia-targeted genes. This would also help to inform if a

lower than MTD dose may have the same efficacy.

A17: We thank reviewer 3 for this very valuable comment. As described in Q10/A10 and Q15/A15, the absence of tumor
tissue obtained before and after ITPP treatment for assessment of hypoxia-governed gene expression is a limitation of the
current study. However, this phase 1b study aims at reporting safety and tolerability data rather than efficacy of a novel
medical drug.

The section in our original study protocol application proposing tumor biopsies was rejected by the independent ethics
committee together with the FMISO-PET (due additional radiation exposure of participants), as repeated biopsies of tumor
sites in the liver or pancreas was deemed too invasive and carrying a relevant morbidity (e.g. postinterventional bleeding
or the inherent risk of tumor cell dispersion) for a first-in-patient clinical trial aiming at assessment of safety and tolerability
rather than efficacy. We agree that assessment of tissue-based molecular targets of hypoxia (e.g. HIF1a expression/nuclear
translocation or transcription of downstream targets of hypoxia responsive elements) would have been very desirable and
allowed to assess the anti-hypoxic effects of ITPP on tumor cells more in detail.

To overcome these limitations, we used morphologic (using MRI) and metabolic (using PET-CT) imaging to assess tumor
response. Moreover, we decided to assess serum-based surrogate markers of hypoxia and tumor vasculature as the best
available targets. We are aware that these markers are just surrogates and do not imply causality; however, they might
mirror tumors’ hypoxic response towards ITPP and the observed correlations between downregulation of angiogenic
markers and improved outcomes warrant further clinical investigation in phase Il trials. We therefore plan for the phase |1

trial to reapply for both tissue biopsies and oxygenation imaging.
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REVIEWER COMMENTS

Reviewer #1 (Remarks to the Author):

Comments have been adequately addressed.

Reviewer #2 (Remarks to the Author):

| thank the authors for their responses. | am afraid these have simply reiterated the submitted
manuscript in more detail rather than provided any fundamental insights or rationale. Ultimately this is
a 1b study with some candidate biomarker data. There is no mechanistic dissection of the mechanism
with supporting translational data. As such the study is valuable but at best a report of observed
phenomena.

Reviewer #3 (Remarks to the Author):

The authors were unable to address my concern due to the lack of tissue available for studies but
they described this in the updated text.



Zurich, April 26", 2021

Phase Ib dose-escalation study of the hypoxia-modifier Myo-inositol trispyrophosphate

in patients with hepatopancreatobiliary tumors

Response to Reviewers (2" round of revisions)

Reviewer #1

Comments have been adequately addressed.

We thank reviewer #1 for the thorough review of our manuscript. The valuable suggestions helped us improve our

manuscript.

Reviewer #2

| thank the authors for their responses. | am afraid these have simply reiterated the submitted manuscript in more detail
rather than provided any fundamental insights or rationale. Ultimately this is a 1b study with some candidate biomarker
data. There is no mechanistic dissection of the mechanism with supporting translational data. As such the study is valuable

but at best a report of observed phenomena.

We thank reviewer #2 for the constructive criticisms and feedback. Since this is a phase Ib trial, mechanistic conclusions

are statistically difficult to support, based on the ethically restricted patient number.

Reviewer #3

The authors were unable to address my concern due to the lack of tissue available for studies but they described this in the

updated text.

We thank reviewer #3 for the review of our manuscript and the points raised, which have helped to improve the manuscript
significantly. We have addressed all concerns and implemented the suggestions of all reviewers. As outlined in the
manuscript and discussed in the first responses to reviewers, tumor tissue biopsies before and after ITPP treatment for
assessment of hypoxia-mediated gene expression and biomarkers would have been favorable for this phase Ib clinical trial
and would potentially have provided meaningful insight into the anti-hypoxic effects of ITPP, but were precluded by the
responsible ethic committee due to the invasiveness of the procedure and related safety concerns in this phase | trial. The
lack of systematic tissue analysis has been adressed and clarified in the revised manuscript. We are planning to perform

tissue biopsies for the upcoming phase Il study.



