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Editorial Note: This manuscript has been previously reviewed at another journal that is not
operating a transparent peer review scheme. This document only contains reviewer comments and
rebuttal letters for versions considered at Nature Communications. Mentions of prior referee reports
have been redacted.

eviewers' Comments:
R 'C t

Reviewer #1:

Remarks to the Author:

This revision from Berko et al is a significant improvement over the initially submitted manuscript.
In particular, the addition of Ext Data Fig 3 addresses one of my major comments from my prior
round of review. It remains noteworthy that, in cases were the ctDNA content is being estimated
by the VAF of an SNV, especially one that is not known to be disease initiating, this VAF may not
accurately reflect total ctDNA content and a comment acknowledging this limitation should be
included.

However, I remain concerned about the conclusion that new ALK resistance mutations are
contributing to treatment resistance. While the authors have added a statement in the results that
these variants were discovered “significantly prior to progression” that seems to be directly
contradictory to what is indicated by the red dots in Figure 4 and the statement in the discussion
that says “since all patients had clinical progression at these timepoints, they were taken off study
and no further ctDNA samples were collected”. If these progressions really did happen significantly
after the blood samples were drawn, the authors need to show the time between blood draw and
clinical progression. Was it days, weeks, months? Figure 4 should be amended accordingly.
Furthermore, Figure 4 also clearly demonstrates that VAF (and presumably total ctDNA) is rising at
or before the time of the last sample drawn after significant treatment response in VAF levels. Yet,
in all cases, this ctDNA-level progression is dominated by the original ALK variant and the new
variant is present in only a very small minority of the ctDNA being shed at that time. Therefore,
there is clearly a level of tumor progression (whether clinical or subclinical) that is being primarily
driven by a mechanism other than these secondary ALK mutations. This remains a confusing part
of the manuscript and requires further edits before the manuscript is acceptable for publication.

I am satisfied with the authors’ responses to major comments 3 and 4 and minor comments 1-6
from my initial review.

While I agree with the authors that pediatric-specific assays are likely needed, my prior comment
#7 was intended to point out that it remains extremely unlikely that one assay will be sufficient to
serve all purposes (early cancer detection, accurate diagnosis, precision medicine selection,
detection of MRD, study of tumor evolution and treatment resistance, and early detection of
relapse) for all pediatric cancers driven by different classes of variants (NB, osteosarcoma, Ewing,
brain tumors, etc). Perhaps the simplest solution to addressing this concern is to pluralize the
statement to say that pediatric “assays” are likely needed and a comment where the ongoing work
by the authors to develop a new assay would fit into this need.

Reviewer #2:
Remarks to the Author:
The authors have adequately addressed my concerns.

Reviewer #3:
Remarks to the Author:
The authors have significantly improved the original manuscript that had been submitted to Nature



Medicine. The vast majority of my concerns have been addressed appropriately.

Unfortunately, however, the authors did not address my central point of criticism, which was on
very low allele fractions of compound mutations. While I agree that these mutations might have
been captured at an early phase of relapse/progression, and that it is conceivable that they confer
lorlatinib resistance at clinical progression, this statement remains speculation without providing
evidence that such mutations grow out to significant levels over the course of disease. I consider it
essential to demonstrate significant increase of such mutations in at least one or two patients,
either in ctDNA or in tumor samples, to validate the biological concept and the clinical relevance of
compound ALK mutations. It has to be noted that it is also conceivable that VAF of such mutations
do not increase at clinical progression, or may even disappear, which would clearly argue against
the clinical significance of this finding. Convincing data on this issue is extremely important, as it
may guide physicians’ decision making on ALK inhibitor treatment in the future, but may lead to
inappropriate decisions if not valid.



Reviewer #1 (Remarks to the Author):

1. This revision from Berko et al is a significant improvement over the initially submitted manuscript. In particular,
the addition of Ext Data Fig 3 addresses one of my major comments from my prior round of review. It remains
noteworthy that, in cases were the ctDNA content is being estimated by the VAF of an SNV, especially one that is
not known to be disease initiating, this VAF may not accurately reflect total ctDNA content and a comment
acknowledging this limitation should be included.

We thank the reviewer for this feedback and have added the following statement to the discussion (Lines
393-396):

“Furthermore, estimates of total ctDNA content could not be ascertained for every sample, and for some
samples could be derived only with manually assessed MSAF, an algorithm based on the maximum
somatic variant allele frequency which may yield less accurate assessment depending on the mutations
present.”

However, | remain concerned about the conclusion that new ALK resistance mutations are contributing to treatment
resistance. While the authors have added a statement in the results that these variants were discovered
“significantly prior to progression” that seems to be directly contradictory to what is indicated by the red dots in
Figure 4 and the statement in the discussion that says “since all patients had clinical progression at these timepoints,
they were taken off study and no further ctDNA samples were collected”. If these progressions really did happen
significantly after the blood samples were drawn, the authors need to show the time between blood draw and
clinical progression. Was it days, weeks, months? Figure 4 should be amended accordingly. Furthermore, Figure 4
also clearly demonstrates that VAF (and presumably total ctDNA) is rising at or before the time of the last sample
drawn after significant treatment response in VAF levels. Yet, in all cases, this ctDNA-level progression is dominated
by the original ALK variant and the new variant is present in only a very small minority of the ctDNA being shed at
that time. Therefore, there is clearly a level of tumor progression (whether clinical or subclinical) that is being
primarily driven by a mechanism other than these secondary ALK mutations. This remains a confusing part of the
manuscript and requires further edits before the manuscript is acceptable for publication.

The Reviewer is quite correct in their comment regarding the phrase “significantly prior to progression”,
and we appreciate them pointing it out. Only in patient 13 was the compound mutation detected at a
timepoint prior to progression. Otherwise, the variants were present at disease progression, not prior.



We have removed the phrase “significantly prior to progression” and edited and made sure that this is
clear in the results section (Lines 415-417) and the legend to figure 4. We thank the reviewer for
highlighting this ambiguous statement, apologize for the terminology, and appreciate the opportunity to
rectify this.

The Reviewer comments on the low VAF values, specifically in the context of the dominating ALK variant.
As we mention above, this is to be expected. Extensive literature, referenced below'?, has demonstrated
the clinical impact and relevance of low VAF resistance clones. To further clarify the point about low VAFs,
we have added discussion of the specific 2 cases with very high baseline ALK VAF. Patient 5 harbored
concurrent ALK amplification and an F1174 mutation. VAF of this mutation increased with disease
progression, and a low frequency resistance SNV could have been further diluted by the presence of
multiple copies of non-mutated ALK in the sample. Patient 13 likewise demonstrated very high ALK VAF
that was elevated with the presence of the compound mutation at the timepoint prior to clinical
progression. We therefore highlighted the possibility of alternative mechanisms of resistance and further
modified the text to address the Reviewer’s concern, as described in the text below (Lines 411-419):

“In two cases (patient 5 and 13), the potential resistant clone is present at very low VAF despite very high
ALK VAF. Patient 5 harbored concurrent ALK amplification and F1174 mutation, which increased at disease
progression. The VAF of the potential resistance mutation is therefore further decreased by the total ALK
alleles present in the sample, reflecting amplification of the F1174 mutation. In patient 13, both an
increase in baseline ALK VAF and the newly acquired G1202R mutation were present at the timepoint prior
to progression; it is therefore possible that an additional mechanism of resistance is also acting in this
context. These data support a new monitoring strategy that can be leveraged in pediatric oncology clinical
trials, with resistance mutations occurring at low VAF heralding changes in clinical response.”

2. | am satisfied with the authors’ responses to major comments 3 and 4 and minor comments 1-6 from my initial
review.

We thank the Reviewer.

3. While | agree with the authors that pediatric-specific assays are likely needed, my prior comment #7 was intended
to point out that it remains extremely unlikely that one assay will be sufficient to serve all purposes (early cancer
detection, accurate diagnosis, precision medicine selection, detection of MRD, study of tumor evolution and
treatment resistance, and early detection of relapse) for all pediatric cancers driven by different classes of variants
(NB, osteosarcoma, Ewing, brain tumors, etc). Perhaps the simplest solution to addressing this concern is to pluralize
the statement to say that pediatric “assays” are likely needed and a comment where the ongoing work by the authors
to develop a new assay would fit into this need.

We fully agree and have made this clarification to the text in the following statement (Lines 400-401):
“Pediatric tumor specific assays are needed to address the unique genomics, diagnostic challenges, and

treatments of childhood solid tumors. “

Reviewer #2 (Remarks to the Author):

The authors have adequately addressed my concerns.

We thank the reviewer for this feedback.



Reviewer #3 (Remarks to the Author):

1. The authors have significantly improved the original manuscript that had been submitted to Nature Medicine. The
vast majority of my concerns have been addressed appropriately.

We thank the Reviewer for this feedback.

2. Unfortunately, however, the authors did not address my central point of criticism, which was on very low allele
fractions of compound mutations. While | agree that these mutations might have been captured at an early phase
of relapse/progression, and that it is conceivable that they confer lorlatinib resistance at clinical progression, this
statement remains speculation without providing evidence that such mutations grow out to significant levels over
the course of disease. | consider it essential to demonstrate significant increase of such mutations in at least one or
two patients, either in ctDNA or in tumor samples, to validate the biological concept and the clinical relevance of
compound ALK mutations. It has to be noted that it is also conceivable that VAF of such mutations do not increase
at clinical progression, or may even disappear, which would clearly argue against the clinical significance of this
finding. Convincing data on this issue is extremely important, as it may guide physicians’ decision making on ALK
inhibitor treatment in the future but may lead to inappropriate decisions if not valid.

We certainly agree with the reviewer’s comment that subsequent samples showing increasing VAF of these
resistance mutations would strengthen the hypothesis. Unfortunately, however, these samples do not
exist. The patients were removed from the study at disease progression, and it is both unethical and
infeasible to continue to collect research samples from patients who are no longer enrolled on a trial
protocol. Furthermore, these patients all went on to various treatments with salvage therapy, which would
have made comparing further clinical and genetic progression impossible in any case.

The Reviewer’s concern was precisely our motivation for going to great lengths to demonstrate that the
new compound ALK mutations that we detected do all cause lorlatinib resistance. To do so unequivocally,
we used three distinct and orthogonal approaches. Our data show that cells that acquire compound
mutations in the ALK TKD have decreased response to lorlatinib, and so are the kinase domains themselves
that harbor these mutations less sensitive to lorlatinib. Importantly, every single patient who developed
such a compound mutation had disease progression on lorlatinib. It therefore seems very difficult to
escape the conclusion that these mutations at least contribute to lorlatinib resistance and hope you will
agree.

We nonetheless appreciate the Reviewer’s point that we do not have data that show that the VAF of these
mutations increases with further clinical progression. As suggested, we have added further clarification
and explicitly state this limitation in the results, as below (Lines 419-423):

“While our experimental data clearly demonstrate that compound mutations confer decreased
pharmacologic response to lorlatinib in multiple contexts, it was not possible to collect samples post-
progression to determine whether the VAF of these compound mutations increases with tumor burden.
Further and sustained serial sampling in larger clinical trials would be necessary to definitively ascertain
the clinical impact of these mutations in children receiving lorlatinib.”

Itis well established in the field of cancer that low VAF mutations confer resistance; these data have largely
come from tumor tissue, and we are validating this by sampling plasma(1-16). The biology of tumor
shedding in plasma remains an open field of study. Investigators have shown that the frequency of



resistant cells even at the site of a tumor is one in just 1000 or 10000(17). So, even if we sample DNA
directly from a tumor, the signal (VAF) of the compound mutation is expected to be 1000-10000-fold less
than for the driver mutation. In the case of our ctDNA analysis, we have another round of dilution — because
ctDNA is taken from circulation, resulting dilution coming from all the cells outside of the tumor. Given
this two-stage dilution, the VAF signal is likely to be much weaker than 1:10000. We believe that this is
the explanation for the low VAFs in our study — and indeed that this is precisely what is expected.
Moreover, our mechanistic data, using three orthogonal methods (including novel CRISPR knock-in assays),
all show that that when cells accumulate these compound mutations in cis, resistance to lorlatinib is seen.
Further, these mutations were only ever seen in patients who developed resistance to lorlatinib, and never
in other patients.

All the patients we report who accumulated compound mutations did so at time of progression. We agree
with Reviewer 3 that it would be helpful to have subsequent samples from these patients showing that the
VAF rises in the emerging resistant clones, this is simply not possible as these patients were not only
removed from protocol therapy but were started on different therapies due to the presence of clinical and
radiographic disease progression.

This work represents the largest singular prospective collection of circulating tumor DNA samples in a
pediatric oncology cohort treated on targeted therapy and identifies compound mutations in ALK (seen
exclusively with lorlatinib resistance) that our in vitro studies unequivocally demonstrate to cause lorlatinib
resistance. We hope you will agree that this is an important study that has significant clinical significance,
and that it is important to share these data with the broader community.
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