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Reviewer #1 (Remarks to the Author):

This is a convincing manuscript that provides critical data supporting viro-immune therapy of
cancer. The studies were done in an adequate hamster model and employ state-of-the art
techniques to document the oncolytic and immune-stimulatory effects of adenovirus, vaccinia virus,
herpes simplex virus, and reovirus in combination with adoptive T-cell therapy. A critical caveat of
such a comparative study, i.e. selecting the treatment dose for the different viruses, has been
addressed satisfactory.

Minor comments:
-Figure 1: Viruses were injected every three days until day 39. Please comment on the effect of
developing adaptive immune responses against the virus on anti-tumor efficacy of the treatment.

The impact of antiviral immune responses was added into the discussion:

1

-Please discuss the relevance of the approach for metastatic disease, when only selected tumor
lesions can be injected with oncolytic virus.

It has been included a sentence (and its respective references) regarding the relevance of the
approach on uninjected lesions and metastatic disease.

-Please provide references for successful anti-PD1 CAR-T therapy.

References including the success of CAR T-cell therapy and anti-PD-1 were added into the first
paragraph of discussion.

Reviewer #2 (Remarks to the Author):

Authors compare four different oncolytic viruses in terms of antitumor activity when combined with
TIL therapy against one immune-competent hamster tumor model. The idea of comparing different
oncolytic viruses is seldom presented in papers and if properly done would direct clinical research
toward the most effective virus type.In general terms although the concept is really relevant, a
sound conclusion in favor of one virus type against the others would require research in different
conditions and models.



Although the authors discuss that they did not intend to compare the direct oncolytic activity of the
four viruses but how they behave in the context of T-cell therapy, a virus-alone immunotherapy
should be the basis to further explore combination immunotherapies (such as the TIL-virus combo
presented in the current paper). One hamster tumor model (HapT1) is selected based on a
putative replication permissiveness to the four viruses. It would be nice to see a comparison of
such permissiveness in vitro, and also to study the supposed intratumoral virus replication in vivo.
A central question remains as to whether replication is needed at all, in particular when so many
intratumoral injections are performed. Replication in tumors is not evaluated. Although the main
aim is not to compare oncolytic activity, this parameter should be investigated to understand the
results.

Direct oncolysis ability from all the viruses was studied on HapT1 cells. A new figure was created
(supplementary figure 1), and two graphs were added to supplementary figure 3. Results text
description for figure 1 was also amended to include the new data:

“The selected tumor model, HapT1 pancreatic carcinoma, enables the isolation of tumor infiltrating
lymphocytes (TILs) for ex vivo amplification, for use as an adoptive cell therapy (ACT). It was also
assessed how the different viruses have different oncolytic dynamics on this cell line, even if all of
them showed complete tumor cell lysis by day 14 (Supplementary figure 1).”
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This data was generated to check that the viruses are able to trigger oncolysis on HapT1 cells and
to understand if there are differences in the lysis kinetics between viruses. Further studies (refs 42-
45) on the use of those viruses in vivo in solid tumor models strengthen the conclusion.

Going deeper into the question of the relevance of multiple administration of the virus was not
something we focused in on this paper as it is generally accepted in the field, even in clinical
practice with talimogene laherparepvec that multiple administration is beneficial for the treatment’s
outcome. In addition, other possible benefits of the multiple administration scheme might rely on
the antiviral immunity boosting the antitumor one. A study trying to challenge single vs multiple
oncolytic virus administration should be thorough and probably an article by itself. Discussion was
added with ideas about this topic:

“Another rationale supporting the multiple administration of the virotherapy relates to the fact that
antiviral as antiviral immunity builds up, it reduces the persistence of the virus but it can be helpful
to boost immune activity inside the tumor”

Of course, the relevance of the results would increase if more than just one model is tested. Other
hamster tumor cell lines have been reported to be permissive to adenovirus.

While we understand the benefits of adding more models and more cell lines, we were not able to
confirm adenoviral replication from additional models for which there are also available TIL
production possibilities.

Even for Syrian hamster tumor models, creation of a TIL graft of quality is challenging and only
optimized to our knowledge for HapT1 (Siurala M et al. Oncoimmunology 2016) while other tumor
models failed to provide meaningful results.

Another parameter is the genetic modifications in the compared viruses. In this paper vaccinia
seems to have tomato fluorescent protein and herpes seem to express GFP, compared to
adenovirus and reovirus which are devoid of transgenes. Could this affect the results?

The use of bioluminescent tags such as the tomato fluorescent protein and GFP, has been widely
tested in different vectors and models without noticeable impact in their functionality. Their lytic
ability could be affected if the cloning of the fluorescent tags would be incorrect but the new
Supplementary figure 1 is the evidence that they are still fully replicative (besides the fact that it
has been used by our collaborators, the ones that created those viruses).

A different discussion would be to around the topic of the immunogenicity of those fluorescent
proteins. While some studies showed that those proteins are immunogenic and can cause adaptive



immune responses against GFP+ or tomato fluorescent protein+ cells, in this study we don't see
major immunogenic processes developing in those groups. As they are the groups with the lower
modifications in gene expression, we do not think hypothetically less immunogenicity (by removing
the fluorescent tags) would change the results in the comparison of the viruses.

The adenovirus selected has the chimeric 5/3 capsid. How does this compares to the unmodified
capsid?

Different adenovirus serotypes have been used both preclinically and clinically (Koski, A., et al.
2013 Human Gene Therapy, Cervera-Carrascon V et al. 2019. Expert opinion in biological
therapy).

As mentioned in previous comments differences could be expected from different viruses, but we
understand that 5/3 serotype is one relevant candidate to study in the scope of the present study.
Furthermore, the comparison between 5/3 serotype versus purely 5, are likely to be minimal under
the experimental conditions used as the model is only semi-permissive to adenoviruses.

Are the results only applicable to the four particular viruses studied, and in only the HapT1 model,
and only when combined with TIL therapy?

About the concerns regarding the presence of one model only, those were replied in the reviewer
guestion #3 (“Of course, the relevance of the results would increase if more than just one model is
tested. Other hamster tumor cell lines have been reported to be permissive to adenovirus.”).

Yet again, we understand the point that testing more viruses and not only the particular ones would
help to have a broader view on the topic but having representative viruses from four different virus
families gives a sense on how different virus related biologies impact the ability to enable immune
responses.

Regarding TIL therapy, it comes back again to the fact that HapT1 is the only suitable model to
generate TILs. There are no CAR T cell therapies or Checkpoint inhibitors for Syrian hamster, so it
is not possible to test further alternatives of T cell therapies.

Why the MTD is taken from studies where the injection route is different (systemic for adenovirus
and reovirus vs intratumoral for herpes and vaccinia)?

The maximally tolerated dose for each virus was chosen regardless of the route of administration
as the extrapolated doses were going to be tested with a 10 fold increase and a 10 fold decrease
for a confirmation that the dose/effect had reached plateau (Supplementary figure 2).

In those confirmatory studies we saw how for all the viruses, a 10 fold increase did not produce an
improved outcome in terms of antitumor efficacy. That finding, together with the daily check-up on

the health of the animals were no visible side effects were assessed after the treatments, allowed

us to support the doses selected.
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Do TILs alone (intraperitoneally administered) provide any therapeutic effect compared to no
treatment?

Development of TIL therapy for this specific model have been developed (Siurala M et al. 2016.
Oncoimmunology) and repeatedly tested, showing limited antitumor efficacy (see snip below from
Santos JM et al. 2016. International Journal of Cancer)



Is the multiple intratumoral injection (every three days) effective? (Produced NAbs preclude
intratumoral infection?)

Besides the comments provided to the reviewers comments on point #1 (“A central question
remains as to whether replication is needed at all, in particular when so many intratumoral
injections are performed”), it is highly likely that the administration of the viruses triggers generation
of adaptive responses against the viruses themselves. As the multiple administration is given at the
same time, we do not believe this would be a point to change the endpoint result of the
comparisons.

From a different angle, the impact of antiviral has also been understood as a factor with a positive
outcome arising from oncolytic virotherapy in the sense that antitumor responses will be indirectly
boosted when the tumor microenvironment (Ricca JM et al. 2018. Mol Ther, Li X et al. 2017. Clin
Can Res).

Considering this information, we decided to focus on the comparison of the viruses using the same
scheme rather than trying to optimise regimen of administrations of different viruses.

Rechallenging results (Fig2) for vaccinia and reovirus were based on one animal (and none for
herpes) and as mentioned no conclusions can be drawn. However it would be really of interest to
know if these viruses induce antitumor immunity. The same very limited number of animals applies
to the rechallenging experiment with TILT123 (Fig5).

As the reviewer acknowledged, we are not drawing conclusions regarding the statistical
significance of the rechallenging experiments with a low number of subjects. On the other hand,
the low number of animals that showed complete responses from the initial tumor is informative on
the whole efficacy of the treatment.

Even if it would be interesting to have a deeper understanding on the antitumor memory for those
groups and have significant results, the amount of animals per group should be around 40-50 to
end up with 5-6 complete responders. Following those indications will result in an animal
experiment with 250 animals, which is considerably demanding.

Similar studies regarding adaptive memory of adenovirally treated tumors have been shown in
other studies (Havunen R et al. 2018. Mol Ther Oncolytics).

The T cell biodistribution study (Fig 3) would have been more informative if T cells had been
labeled with a tracer that can be seen in tissue (tumor) sections (several fluorescent tracers are
available for this) and an in situ biodistrubution had been studied.

The use of radioactive tracers required for in vivo tracking of the TILs transferred to the animals
made logistically challenging many subsequent analyses of the tumors ex vivo. As each virus could
have effects on T cell biodistribution at different times, in this study we considered more
informative to have multiple measurements of the T cell biodistribution rather than having an ex
vivo evaluation at a particular time point.

It is really intriguing that multiple injections of herpes, vaccinia or reovirus intratumorally do not
induce significant changes of intratumoral gene expression of inflammatory genes and other innate
immune genes (Fig 4, and suppl table 2, with vaccinia even not sub-significant changes). One
would expect that a virus in a tumor induces some inflammatory changes. Does this match with
results described for those viruses? Has this been corroborated in multiple experiments?



Results from Figure 4 have been confirmed in two different experiments. Statistical analyses of the
gene expression were performed blindly by the Data analysis team at Nanostring. and even if one
would expect significant inflammatory changes after oncolytic virus administration the significance
is not present with this sample size. With this sample size we could not obtain significance for
those viruses but most likely with a higher n, statistical significance would be achieved.

In this sense, we consider informative that at the current sample size adenovirus shows multiple
significant upregulations while the other viruses do not. Those kind of observations are the whole
point of the study as what we are aiming to compare the viruses with each other. We do not claim
that Herpes simplex viruses or Vaccinia viruses do not cause inflammation but with the current
data we can just conclude that Adenovirus achieves it better.

We did not intend to go deep on the biology of each virus to try to explain the results but for
example poxviruses (such as Vaccinia virus) as mentioned in discussion:

“Vaccinia seemed to have a less visible impact at the immunological level, maybe because even if
tumor selective, it is a virus naturally armed with a considerable armamentarium for immune
evasion”.

Reviewer #3 (Remarks to the Author):

Major comments:

1. Although the authors found that combination with Onc.Ad and TILs had the best anti-tumor
effects among Onc.Vs tested in this study, they did not address their overall hypothesis that Onc.V
can improve the utility of adoptive T-cell therapy because they injected Onc.Vs every 3 days up to
day 40 (15 times) in contrast to single TIL infusion at day 0. To better address their stated
hypothesis, the authors should evaluate/compare the anti-tumor effects of injections of Onc.Vs
prior to TIL infusion as in their prior study (Molecular Therapy Oncolytics 2017).

An alternative and interesting approach for the regimen of administration would be as proposed in
this comment when a number of OV treatments would be given prior to the adoptive cell transfer.
In our 2017 study, we used such approach only Adenoviruses, but as it was the only virus used
there we don’t know if the same conclusions could be extrapolated for other viruses. There is the
possibility that different viruses would have different optimal regimen of administrations. As the
regimen of administration presented in this manuscript is the same for all the viruses we think it is a
fair approach.

2. Following the above, since the authors stated that Onc.V treatments induce immunostimulatory

signals and reverse immunosuppression, the authors should address how these Onc.V treatments
change the cytokine/chemokine profile of tumors as well as the tumor microenvironment (immune

cell infiltration) prior to TIL infusion.

Having an understanding on how these different viruses affect the tumor without the TIL infusion
would be of relevance but the present work aims to understand this phenomenon in the specific
context of T-cell therapy. For that purpose it is stated in discussion that:

“...this study focuses in a direct comparison of some of the most relevant candidates in the context
of TIL therapy.”

3. If authors aim to compare the direct impact of Onc.V treatments on adoptively transferred TILs,



they should isolate adoptively transferred TILs (e.g., tagged with EGFP) and profile their RNA
expression, especially in the experiment directly comparing Unarmed Onc.Ad to TILT-123.

The use of oncolytic viruses to enable TILs is a process most likely enabled by a wide range of
effects triggered in the tumor, including direct effects on TILs but not exclusively. In this sense, the
interaction of the viruses with the microenvironment can be as critical or even more to TIL
functionality that the direct interaction between viruses and TILs. Even if we prioritized on the
overall changes in the tumor,

“the use of oncolytic viruses seem to have a broad effect in the tumor microenvironment that
include not only interactions with the T-cell compartment of the immune system but a diverse
number of cell types. Dissecting the effect of the virus on the different cell types in the tumor would
be a way to study further the mechanism on how oncolytic viruses can enhance T-cell therapies.”

Minor comments:

1. In the Abstract and Discussion, the authors mention that a clinical trial ongoing with combination
of adoptively transferred TILs and TILT-123, but there is no NCT number in manuscript. The
authors should provide NCT number.

NCT number from clinical trial is now included in the text where it is mentioned.

“A clinical trial is ongoing, where patients receiving TIL treatment also receive TILT-123
(NCT04217473).”

“TILT-123 is now being studied in melanoma patients receiving a TIL therapy (NCT04217473).”

2. In the Introduction, the history of viruses for cancer treatment (first paragraph) is redundant. The
authors can remove this paragraph and emphasize how other groups (University of Pennsylvania,
Baylor College of Medicine, IDIBELL) combine Onc.Vs with T-cell therapy to improve adoptively
transferred T cell activity.

Paragraph 1 has been edited to avoid redundancy.

References including international efforts using oncolytic viruses to enable T-cell therapies were
added in the last paragraph of introduction.

3. The authors should clarify that adoptively transferred T-cell therapies have succeeded in
patients with hematologic malignancies but have had limited success in patients with solid tumors.
The current statement in the manuscript misleads readers, and these sentences should be
changed.

Madifications in the text were performed following reviewer’s indications.

“The implementation of immunotherapies such as checkpoint inhibitors and various immune-cell
therapy based platforms has mediated a therapeutic revolution in oncology. At the same time,
there is clear room for improvement as the patients responding to immunological treatments are
still the minority, with some exceptions (e.g. CAR T therapies in some hematological malignancies
or anti-PD1 in selected indications).”

4. The authors should evaluate whether Onc.V agents tested in this manuscript similarly infect and
lyse HapT1 cells in vitro and put that result in Fig. 1.



A new figure was created after the study of the direct Iytic capability of the different viruses used in
the rest of the manuscript. Those results have been included as a separate new figure and not as
part of Figure 1 as it could mislead the reader.

While the new figure relates to the direct lytic ability of each virus in vitro, figure 1 describes the
method to calculate the dose after the maximum doses used in vivo (in humans). For that reason
we believe it is more adequate to have figure 1 for dose calculation and supplementary figure 1 as
a test on how different viruses have different oncolytic velocities.
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