Reviewers' Comments:

Reviewer #1:

Remarks to the Author:

Thank you for giving me the opportunity to review the manuscript “Characterization of the
Genomic Landscape and Actionable Mutations in Breast Cancer through Clinical Sequencing”, by
Lang, Jiang, Shi, Yang et al.

The authors report on a large scale effort of sequencing tumor of Chinese patients with breast
cancer. They designed a gene panel (484 genes), enrolled patients and present in this manuscript
the analyses of 1,134 tumor samples. They compared with 2 other large cohorts of breast cancer
samples, MSKCC (gene panel) and TCGA (whole-exome sequencing), performed largely on tumors
from patients of European ancestry.

The data are robust and the results well documented and well presented. I believe the conclusions
are strong and the paper would be of interest for the scientific community. I have only a few
comments on the manuscript.

The sequencing strategy is appropriate, and importantly sequence both the normal and the tumor
sample, allowing the proper filtering of germline and somatic variants. However, no analyses is
provided on the germline variants. It would be important to know how many patients had a
predisposition variant and how it compares with the other cohorts.

One regret is the absence of copy-number variants, which would be informative and would
complete the picture if the sequencing strategy was adequate to assess these variants.

Another missing piece is the clinical follow-up and survival analysis: which drug were administered
to the patients and for which outcome. Few examples are given but no overview of the results.

The figures are well designed and pretty clear.

Figure 2c shows the variant allele frequencies of the top mutated genes, but is presented without
interpretation or comment about its importance. Is there anything significant in this figure? Any
useful comparison with the two other cohorts?

I would like to understand better the Figure 4b (and associated supplemental figures). What is
represented on the left side, labelled Log odds ratio? It should be made more explicit for the
readers. Similar, Figure 4c should have a label on the y-axis

Although the manuscript is very well written and very clear, I noticed a few errors or typos that
would need to be corrected. For instance:

On page 7, line 7, it’s unclear what the authors mean by “thereby eliminating germline
interference”. I suggest something along the line of “filtering germline variation and identifying
somatic mutations”

On page 7, line 13-14 not sure what is “ensure detective sensitivity”

On page 7, line 17, “if appropriately” should be “if appropriate”

On page 7, line 17, “open-accessible database” should be “open-access database”. The entire
sentence on line 17-21 is confusing.

Reviewer #2:

Remarks to the Author:

In this manuscript, Lang and colleagues describe the results of sequencing of 1,134 breast tumors
(N=1,025 primary tumors and N=109 metastatic tumors) using Fudan-BC, a 484-gene custom
targeted sequencing panel. They compare the mutational profiles of this cohort to the existing
TCGA and MSK-IMPACT cohorts, provide examples of how these data were used clinically, and
perform functional studies to follow up on the impact of NF2 mutations, which they find to be more
frequent in their cohort than in previous cohorts. Overall, this is an important cohort that will



increase the diversity of targeted sequencing data in breast cancer, where most data to date are
from non-Hispanic White populations.

Major comments:

1. Given that the authors collected and sequenced normal blood samples in this cohort, it seems
they should have assessed and reported copy number alterations (for example by running
FACETS). Limiting themselves to single-nucleotide and small indel variants gives an incomplete
picture, especially for breast cancer as a copy number-driven tumor. This is driven home by the
comparison of the Myc pathway between this cohort and TCGA (1% vs 0%), when of course Myc
amplification is very common in breast cancer. I would strongly encourage the authors to add copy
number alterations to their analyses (as was done in the various prior targeted sequencing efforts,
including MSK-IMPACT).

2. The comparison of the Fudan-BC cohort to the TCGA and MSK-IMPACT cohorts is made
complicated by the different compositions of the cohorts, which result from different recruitment
strategies. The neoadjuvant cohort will enrich for more aggressive disease relative to TCGA, while
the predominance of early-stage recruitment should enrich for less aggressive disease relative to
MSK-IMPACT (where all patients had distant recurrence, and which also intentionally focused on
ER+/HER2- disease). These different recruitment strategies ultimately make these sections
comparing the three cohorts very difficult to synthesize, but it would be helpful if the authors could
carefully outline the differences in recruitment strategies between their cohort and the other 2,
and the expected (and observed) differences in subtype, stage, and prevalence of distant
recurrence distributions generated by these differences. The genes they find to be enriched in their
cohort relative to others include many examples that are also more associated with metastatic (as
compared to primary) ER+/HER2- breast cancer per recent studies (Bertucci Nature 2019 and
Angus Nature Genetics 2019) (e.g. TP53, KMT2C, NF1), which is interesting and should be noted
and discussed in the context of the recruitment strategies.

3. The section on clinical actionability needs substantial clarification. First, are the authors
assessing actionability in both the early (Cohorts 1 and 2) and advanced (Cohort 3) cohorts? None
of these is “actionable” in an early-stage breast cancer patient, so clarification would be helpful.
Second, I am puzzled by some of the mutations listed here as actionable, like TP53 and PTEN, as I
am not aware of any data suggesting these are actionable; PTEN was recently shown to be
associated with resistance to PI3K inhibition (Razavi Nature Cancer 2020), if that is the approach
being considered, and TP53 is notoriously challenging to target. It would be clarifying if the
authors could provide a supplementary table listing the actionable mutated genes identified in the
cohort, the number of times each was identified in Cohort 1 vs 2 vs 3, and the proposed drugs that
target that mutation. The 2 case studies provided are helpful illustrations of how these results
were used in the Umbrella trial, but it would be useful to add to the aforementioned proposed
supplementary table a column indicating if mutations identified in that gene did in fact lead to a
specific targeted therapy approach for one of the 109 patients on that trial, what that specific
targeted therapy approach was, and what was the best response (CR, PR, SD, or PD) for each
patient put on that approach (to put these 2 case studies in context). For the 2 case studies, it
would be helpful if each of them was shown in the same way, for example showing the case in (e)
the same as the case in (f), with all previous treatments and responses followed by the PR, rather
than the change from baseline over 4 cycles only.

4. For the NF2 mutations identified in the cohort: I have a few clarifying questions:

- Can the authors clarify in Figure 6A how recurrent the 4 recurrent mutations were (like just 2
cases, or more)?

- Do existing tools like POLYPHEN-2 also suggest that G240W and Q324K are LOF while the others
are not? What do these tools say about the other NF2 mutations identified in this cohort that were
not functionally tested, and what about the 4 NF2 mutations that were found in TCGA or MSK-
IMPACT (per cbioportal, e.g. H195P, E166Q, Q320H)?



- In Figure 4B, it states the rounded 0% for the HIPPO pathway for MSK-IMPACT; I would at least
give the exact percentage in the main text (e.g. 0.02% or whatever) so as not to give the
impression these are completely absent in other datasets.

- In the tumors where these NF2 mutations were found, is there evidence for loss of the wild-type
allele (LOH or loss of the other chromosome)?

- Does the cohort show any examples of deep deletion of the NF2 locus separate from these
mutated cases?

- Can the authors comment on the distribution of the NF2 mutations in Cohorts 1 vs 2 vs 3 and by
subtype? (I.e. was there a signal that they tended to be enriched in the early vs advanced-stage
cohorts?)

Minor comments:

1. The second paragraph of the introduction, discussing targeted approaches in breast cancer,
should be clarified a bit. I would write something like: “"Approved targeted therapeutics in breast
cancer include multiple agents aimed at HER2 amplification [note that there are several approved
beyond the 3 chosen to be listed in the current version], as well as PARP inhibitors for BRCA1/2-
mutated advanced breast cancers and PI3K inhibitors for PIK3CA-mutated advanced breast
cancers. Other targeted therapies, including AKT inhibitors, STAT3 inhibitors, anti-androgen
therapies, and many others are areas of active research.” I do not consider CDK4/6 inhibitors to
be targeted at this time, given no evidence for differential benefit for any one biomarker (e.g.
CCND1 amplification, which was tested and failed as a biomarker of response).

2. The authors state in the first section of the results and Figure 1b that the neoadjuvant cohort
results were used for biomarker discovery and observation of drug sensitivity/resistance, but none
of these results was reported. Please be explicit that these are long-term plans for the cohort to be
reported in future manuscripts. They also state that patients were referred to clinical trials as
appropriate - is this only relevant to Cohort 3? Figure 1a makes it seem that neoadjuvant and
surgery cohort patients were also referred to clinical trials.

3. On page 11, the authors state that 71 genes had higher and 8 genes had lower mutation
frequencies compared with MSK-IMPACT. What threshold is this based on? (It does not appear to
be FDR < 0.057? If not, should also report number of genes meeting that threshold in both
directions). What is the authors’ hypothesis for this imbalance, with far more genes with higher
frequencies in Fudan-BC as compared to MSK-IMPACT than the reverse? It might suggest a more
uniform population of breast cancers, or a more sensitive assay.

4. Also on page 11, this sentence confuses me “AKT1 and TP53 were more frequently found in the
Caucasian population in our study compared with the TCGA cohort”. Should this read “Chinese”,
not “Caucasian”?

5. On page 5, please state how these nine signaling pathway gene sets were selected.

6. On page 15, what is meant by “refractory bilateral relapse”? For distant metastasis, “bilateral”
seems an odd choice of words?

7. For Figure 1, “c” should read “trial” (typo), and abbreviations are needed for these treatments.
(NE, PE, and PC are not standard abbreviations at least to my knowledge.)

8. For Figure 2: for “a”, how did the authors define the 5 subtypes based on IHC? Did they use
Ki67 to distinguish luminal A and B? Perhaps I missed this? For “c”, perhaps go out to VAF 0.5
rather than 1.0 (it is very hard to compare these VAFs, as they are quite small, and 0.5 would
represent a CCF of 1.0 for a diploid tumor with 100% purity). For “d”, the Sankey plot is a little
difficult to follow - could they just do stacked barplots, with one bar for each of the tumor
subtypes and then stacks of each of the 8 mutations? Could set these bars all to 1.0 total (same



height), which would help us see the distribution of mutations (as they already show the
breakdown by subtype in (a)).
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Point-by-point responses to the referees’ comments

Reviewer #1 (Reviewer Comments to the Author):

Thank vou for giving me the opportunity to review the manuscript “Characterization

of the Genomic Landscape and Actionable Mutations in Breast Cancer through Clinical

Sequencing”, by Lang, Jiang, Shi, Yang et al. The authors report on a large scale effort of

sequencing tumor of Chinese patients with breast cancer. They designed a gene panel (484

genes), enrolled patients and present in this manuscript the analyses of 1,134 tumor

samples. They compared with 2 other large cohorts of breast cancer samples, MSKCC

(gene panel) and TCGA (whole-exome sequencing), performed largely on tumors from

patients of European ancestry. The data are robust and the results well documented and

well presented. I believe the conclusions are strong and the paper would be of interest for

the scientific community. I have only a few comments on the manuscript.

Reviewer #1 Major Comments:

Comment 1: The sequencing strategy is appropriate, and importantly sequence both

the normal and the tumor sample, allowing the proper filtering of germline and somatic

variants. However, no analyses is provided on the germline variants. It would be

important to know how many patients had a predisposition variant and how it compares

with the other cohorts.

Response: We appreciate the reviewer’s kind recommendations. Sequencing normal
samples is mainly used for the proper filtering of germline variants. We deeply agree that
providing the sequencing results of germline variants could tremendously contribute to a better
understanding of breast cancer predisposition in the Chinese population. We established a

pipeline for analyzing and filtering germline variants.

A modified version of the Characterization of Germline Variants (CharGer),! which is an
automated scoring system according to the guidelines provided by the American College of

Medical Genetics and Genomics (ACMG),? was used to further classify the germline variants.
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First, as the current version of CharGer does not include minor allele frequency (MAF) data for
the East Asian population, we manually filtered our candidate variants according to the Genome
Aggregation Database (gnomAD). Only rare variants (MAF <0.5% in the East Asian population)
were retained. Second, we manually updated the ClinVar records, and only variants known to
be related to cancer were retained for the PS1 and PMS classifications. In addition to the above-
mentioned modifications, we ran CharGer according to the protocol in a previous publication.?
As we disabled the PM2 module, we slightly adjusted the cut-off values used for the variant
classification as follows: the variants with a CharGer score higher than 7 were considered
“likely pathogenic variants”, and the variants known to be pathogenic were classified as
“pathogenic variants”. Please find the corresponding description of methods on Page 26,

Line 21-25 and Page 27, Line 1-9.

We added Supplementary Figure 7a to display the germline mutational results of the
breast cancer patients in our cohort. Among the 1,134 patients (66/1134, 5.8%) with
pathogenic/likely pathogenic germline mutations, the mutant genes included BRCAI (n =22),
ALK (n=15), BRCA2 (n=15), CHEK2 (n=15), ATR (n=4), RBI (n=4), TP53 (n=3), TSC2 (n
=3), APC (n = 3), BRAF (n =2), NFI (n=2), PTEN (n = 2), SMARCA4 (n=2), STKII (n =

2), ETV6 (n=3), KRAS (n = 2), MTAP (n = 2) and SMAD4 (n = 1).

Because sequencing results of germline variants are not directly available in the TCGA
and MSKCC databases, we reviewed the published literature with germline sequencing data of
large samples. Therefore, we compared 6 frequently mutated genes between our Chinese cohort
and published Caucasian* and African-American® cohorts. The comparison results are shown
in Supplementary Figure 7b. We found that the mutation frequencies of BRCA2 (0.44% vs
2.05% vs 1.94%, P=0.001), CHEK2 (0.44% vs 1.73% vs 0.38%, P <0.001) and PTEN (0.18%
vs 0.07% vs 0.00%, P = 0.018) varied among the Chinese, Caucasian and African-American

populations. Please find the corresponding revision on page 13, lines 4-11.
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Supplementary Figure 7 | Germline mutations in the FUSCC-BC cohort and comparison
with Caucasian and African-American breast cancers. a. Spectrum of germline mutations
of breast cancers in our cohort. b. Comparison of 6 frequently mutated genes with Caucasian

and African-American breast cancers.

Comment 2: One regret is the absence of copy-number variants, which would be

informative and would complete the picture if the sequencing strategy was adequate to

assess these variants.

Response: We appreciate the reviewer’s insight regarding the absence of copy-number
variants. Our previous concern was that target-sequencing provides copy-number variant
results with less accuracy. The DNA copy number variations (CNVs) of a total of 1,114 samples
were determined through the FACETS algorithm (https://github.com/dariober/cnv_facets).®
According to the calls of gene-level amplification and deletion, we added Figure 2¢ to display
the CNV results and complete the genomic landscape of Chinese breast cancer. Please find the
corresponding revision on page 10, line 18-22. We further assessed the concordance between
traditional methods of HER2 amplification detection (IHC and/or FISH) and ERBB2
amplification detection by our assay (Table R1). The concordance between ERBB2
amplification by sequencing and HER2 positivity by IHC/FISH is summarized in the table

below. The overall concordance was 89.3% (995/1114).
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Table R1. The concordance between HER2 amplification detected by IHC/FISH and

ERBB? amplification detection by our assay.
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Genomic landscape and characteristics of prospectively sequenced Chinese

breast cancer. a. Sequencing data of 1,134 Chinese breast cancer samples classified by the

molecular subtype and mutation profile and annotated with the variation type and mutation
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frequency. The mutation counts in each sample and each gene are provided above and on the
right side, respectively. b. Hotspot mutations (frequency higher than 2%) in Chinese breast
cancer. ¢. Copy number variations (CNVs) of 1,114 Chinese breast cancer samples classified
by the molecular subtype in our cohort. ¢. Copy number variations (CNVs) of 1,114 Chinese
breast cancer samples classified by the molecular subtype in our cohort. d. Distribution of
variant allele fractions (VAFs) in the recurrently mutated genes. e. Recurrent genomic
mutations (left and right) and their association with different molecular subtypes (middle). The

asterisks indicate a statistically significant association with the subtype (FDR< 0.25).

Comment 3: Another missing piece is the clinical follow-up and survival analysis:

which drug were administered to the patients and for which outcome. Few examples are

given but no overview of the results.

Response: We thank the reviewer for this comment. According to the reviewer’s insightful
suggestion, we further complement the information of the clinical follow-up and survival of the
whole cohort. However, our patients were mainly recruited from April 1, 2018 to April 1, 2019,
and the insufficient follow-up might limit the significance of a survival analysis (Figure R1;
Figure R1a for DFS, Figure R1b for OS), which was not performed in our study. The long-
term  follow-up data will be updated on our open-access  website

(http://data.3steps.cn/cdataportal/study/summary?id=FUSCC_BRCA panel 1000). Moreover,

the treatment information of locally advanced patients who were referred to neoadjuvant
therapy and advanced patients who were referred to salvage therapy is temporarily available.
The complete treatment and response information will also be updated on our open-access
website. We enclose the corresponding information (columns entitled with Treatment Regimen,
Diagnosis_Time,  Last Contact Time, Vital Status,  Relapse Time,  Death Time,
Follow Up Time, DFS Months, DFS Event, OS Months and OS Event) in Supplementary

Table 2.
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Figure R1. Kaplan—Meier plot of progression-free survival (DFS) and overall survival (OS) in
our cohort. a. Kaplan—Meier plot of DFS in our cohort. b. Kaplan—Meier plot of OS in our

cohort.

Comment 4: Figure 2c shows the variant allele frequencies of the top mutated genes,

but is presented without interpretation or comment about its importance. Is there

anvthing significant in this fisure? Any useful comparison with the two other cohorts?

Response: We apologize for our negligence. The mutations with variant allele frequencies
exhibited an early appearance during tumorigenesis or tremendously contributed to the
subsequent expansion of tumor cells, and the previous study demonstrated that the AKT1, CBFB,
MAP2K4, ARIDI1A, FOXAI and PIK3CA mutations have relatively high average VAFs in breast
cancers.” Similarly, the AKTI and PIK3CA mutations harbored relatively higher VAFs in our
Chinese breast cancer cohort. Please find the corresponding revision on page 21, lines 16-

20.

According to the reviewer’s insightful suggestion, we further compared the variant allele
frequencies of the frequently mutated genes with those in two other cohorts, and the results are

shown as follows.
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Figure R2. Comparison of the variant allele frequencies of the frequently mutated genes

among the FUSCC, MSKCC and TCGA datasets.

Most genes show higher variant allele frequencies in the Caucasian cohorts (Figure R2).
However, notably, the clinical specimens obtained at our hospital were mainly from small
biopsy specimen and, thus, generally had a lower tumor purity than those observed in the TCGA
samples, which were collected from operation specimen for multi-dimensional profiling (DNA
sequencing, RNA-seq, SNP arrays, DNA methylation, proteomics, etc.). Therefore, we believe
that it may be more appropriate to analyze the variant allele frequencies in the same sequencing

strategy within our cohort.

Comment 5: 1 would like to understand better the Figure 4b (and associated

supplemental figures). What is represented on the left side, labelled Log odds ratio? It

should be made more explicit for the readers. Similar, Figure 4c should have a label on

the y-axis.

Response: We appreciate the reviewer’s comments and apologize for the confusion. On

the left side of Figure 4b (and the associated Supplemental Figure 8a and 8b), the middle



circular spot corresponds to the odds ratio value, and the lines represent the 95% confidence
intervals. A red or blue horizontal line represents a significant or non-significant result in the
comparison of the mutation frequencies between our cohort and the MSKCC'’s cohort in each
signaling pathway, respectively. The red line indicates a higher mutation frequency in the
corresponding pathway favoring the MSKCC cohort, while the blue line indicates a higher
mutation frequency in the corresponding pathway favoring our cohort. Please find the

corresponding explanation in the legend of Figure 4 on page 45, lines 6-12.

We apologize for not labeling the y-axis in Figure 4c, and we added the label “frequency”

in our revised manuscript.
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Fig. 4 | Characteristics of mutations in oncogenic signaling pathways in prospectively
sequenced Chinese breast cancer. a. Landscape of pathway mutations in 1,134 Chinese
breast cancer samples classified by the molecular subtype and annotated with the variation
type. The mutation counts in each sample and each pathway are provided above and on the
right side, respectively. b. Comparison of mutations in oncogenic signaling pathways in
primary samples between our cohort and the MSKCC dataset. The middle circular spot
corresponds to the odds ratio value, and the lines represent the 95% confidence intervals. A
red or blue horizontal line represents a significant or non-significant result in the comparison
of the mutation frequencies between our cohort and the MSKCC cohort in each signaling
pathway, respectively. The red line indicates a higher mutation frequency in the corresponding
pathway favoring the MSKCC cohort, while the blue line indicates a higher mutation
frequency in the corresponding pathway favoring our cohort. ¢. Significant enrichment of
pathway mutations in different molecular subtypes of breast cancer. d. Significant mutual
exclusivity (blue) and co-occurrence (red) of gene mutations among pathways in Chinese
breast cancer (all samples, right; luminal B/HER2-, left). Spectrum bar: log10 (odds ratio
(OR)); the color intensity represents the scale of the value. e. Circus plot displaying the co-
occurrent patterns among oncogenic signaling pathways in our cohort. The line thickness
corresponds to the number of mutations in two co-occurrent pathways. The significant co-

occurrent patterns of mutations in the Hippo pathways are illustrated.

Reviewer #1 Minor Comments:

Comment 1: On page 7, line 7, it’s unclear what the authors mean by “thereby

eliminating germline interference”. 1 suggest something along the line of “filtering

germline variation and identifying somatic mutations”.

Response: We are grateful for the reviewer’s helpful suggestion. We rewrote the sentence
as follows: Paired blood DNA was obtained as a control for all tumor samples, thereby filtering

germline variation and identifying somatic mutations. Please find the corresponding
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correction on page 7, lines 5-6.

Comment 2: On page 7, line 13-14 not sure what is “ensure detective sensitivity”.

Response: We thank the reviewer for this comment. The tumor samples were sequenced
to a mean depth of coverage of 1000x and the blood samples were sequenced to a mean depth

of coverage of 400x. Please find the corresponding correction on page 7, lines 11-13.

Comment 3: On page 7, line 17, “if appropriately” should be “if appropriate”. On

page 7. line 17, “open-accessible database” should be “open-access database”.

Response: According to the reviewer’s suggestions, we corrected these two grammatical

mistakes. Please find the corresponding corrections on page 7, line 15 and line 24.

Comment 4: The entire sentence on line 17-21 is confusing: “The clinical sequencing

in neoadjuvant cohort helped with biomarkers discovery and drug sensitivity observation, the

surgery cohort mainly contributed to an open-accessible database construction and waited

for long-term follow-up, and the advanced patients had chances in genome-guided treatment

enrollment in the suitable clinical trials (Fig. 1b).”

Response: We apologize for the confusion. The whole section was rewritten as follows:
“We manually divided the enrolled breast cancer patients into three cohorts, namely, locally
advanced patients who were referred to neoadjuvant therapy (cohort 1), early-stage patients
who were referred for surgery (cohort 2), and advanced patients who were referred to salvage
therapy (cohort 3). We believed that the clinical sequencing of cohort 1 could help researchers
discover predictive biomarkers and observe drug sensitivity. Moreover, although cohort 2 could
not currently benefit from clinical sequencing, such sequencing could help treatment decisions
if recurrence occurs. The complete treatment, response and survival information obtained in
long-term  follow-up  will be updated on our open-access  database

(http://data.3steps.cn/cdataportal/study/summary?id=FUSCC_BRCA_panel 1000). Cohort 3

could obtain precision treatment or receive a referral to clinical trials according to the

11
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1  sequencing results.” Please find the corresponding corrections on page 7, lines 15-25 and

2  page 8, lines 1-2.
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Reviewer #2 (Reviewer Comments to the Author):

In this manuscript, Lang and colleagues describe the results of sequencing of 1,134

breast tumors (N=1,025 primary tumors and N=109 metastatic tumors) using Fudan-BC,

a 484-gene custom targeted sequencing panel. They compare the mutational profiles of

this cohort to the existing TCGA and MSK-IMPACT cohorts, provide examples of how

these data were used clinically, and perform functional studies to follow up on the impact

of NF2 mutations, which they find to be more frequent in their cohort than in previous

cohorts. Overall, this is an important cohort that will increase the diversity of targeted

sequencing data in breast cancer, where most data to date are from non-Hispanic White

populations.

Reviewer #2 Major Comments:

Comment 1: Given that the authors collected and sequenced normal blood samples

in this cohort, it seems they should have assessed and reported copy number alterations

(for example by running FACETS). Limiting themselves to single-nucleotide and small

indel variants gives an incomplete picture, especially for breast cancer as a copy number-

driven tumor. This is driven home by the comparison of the Myvc pathway between this

cohort and TCGA (1% vs 0%), when of course Myc amplification is very common in

breast cancer. I would strongly encourage the authors to add copy number alterations to

their analyses (as was done in the various prior targeted sequencing efforts, including

MSK-IMPACT).

Response: We appreciate the reviewer’s insight regarding the absence of copy-number
variants. Our previous concern was that target-sequencing provides copy-number variant
results with a lower accuracy, especially since our samples are all derived from core needle
biopsies. As the reviewer stated, the DNA copy number variations (CNVs) were determined
through the FACETS algorithm (https://github.com/dariober/cnv_facets).® Eventually, the
CNVs of a total of 1,114 samples were successfully called. We added Figure 2¢ to display the

results of the copy-number variants and complete the genomic landscape of Chinese breast
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Fig. 2 | Genomic landscape and characteristics of prospectively sequenced Chinese
breast cancer. a. Sequencing data of 1,134 Chinese breast cancer samples classified by the
molecular subtype and mutation profile and annotated with the variation type and mutation
frequency. The mutation counts in each sample and each gene are provided above and on the
right side, respectively. b. Hotspot mutations (frequency higher than 2%) in Chinese breast
cancer. ¢. Copy number variations (CNVs) of 1,114 Chinese breast cancer samples classified

by the molecular subtype in our cohort.

We further assessed the concordance between traditional methods of HER2 amplification
detection (IHC and/or FISH) and £ERBB2 amplification detection by our assay (Table R1). The
concordance between FRBB2 amplification by sequencing and HER2 positivity by IHC/FISH
is summarized in the table below. The overall concordance was 89.3% (995/1114), which was
rational from our perspective but worse than that of the MSK-IMPACT assay (the rate was 98%,

1778/1810 in the published data from MSKCC).?
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Table R1. The concordance between HER2 amplification detected by IHC/FISH and
ERBB2 amplification detection by our assay

IHC/FISH
Amplified Non-amplified
Amplified 267 12
FUSCC-BC .
Non-amplified 107 728

Additionally, an analysis was performed to compare the CNVs between our cohort and the
MSKCC cohort. In the samples from the primary breast cancer patients, we observed that
compared with the MSKCC cohort, the ERBB2, PREX2, LYN and PARPI genes were more
frequently amplified (Figure R3a, FDR < 0.05) and that the GPS2, AURKB, TP53, CTCF, TEK,
CD274, CBFB and CDH1 genes were more frequently deleted (Figure R3b, FDR < 0.05) in
our cohort. Moreover, in the samples from the advanced breast cancer patients, compared with
the MSKCC cohort, we observed that the ERBB2, PPARG and SMYD3 genes were more
frequently amplified (Figure R3¢, FDR < 0.05) and that the TEK, ESRI, MAP2K?2 and ATRX

genes were more frequently deleted (Figure R3d, FDR < 0.05) in our cohort.

As the reviewer recommended, we also compared the frequency of MYC amplification
between our cohort and the MSKCC cohort, but no significant result (6.05% vs 6.97%, FDR

=1 for primary samples; 6.60% vs 10%, FDR =1 for advanced samples) was observed.
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Figure R3. Comparison of copy number variations between the FUSCC and MSKCC
cohorts. a. Scatter plots of the prevalence of copy number amplifications in primary samples.
b. Scatter plots of the prevalence of copy number deletions in primary samples. ¢. Scatter plots
of the prevalence of copy number amplifications in advanced samples. d. Scatter plots of the

prevalence of copy number deletions in advanced samples.

Comment 2: The comparison of the Fudan-BC cohort to the TCGA and MSK-

IMPACT cohorts is made complicated by the different compositions of the cohorts, which

result from different recruitment strategies. The neoadjuvant cohort will enrich for more

aggressive disease relative to TCGA, while the predominance of early-stage recruitment

should enrich for less aggressive disease relative to MSK-IMPACT (where all patients had

distant recurrence, and which also intentionally focused on ER+/HER2- disease). These

different recruitment strategies ultimately make these sections comparing the three

cohorts very difficult to synthesize, but it would be helpful if the authors could carefully

outline the differences in recruitment strategies between their cohort and the other 2, and

the expected (and observed) differences in subtype, stage., and prevalence of distant

recurrence distributions generated by these differences. The genes they find to be

enriched in their cohort relative to others include many examples that are also more

associated with metastatic (as compared to primary) ER+/HER2- breast cancer per recent

studies (Bertucci Nature 2019 and Angus Nature Genetics 2019) (e.g. TP53, KMT2C, NF1),

which is interesting and should be noted and discussed in the context of the recruitment

strategies.

Response: We are grateful for the reviewer’s insightful comments and helpful suggestions.
As the following tables show, compared with the TCGA cohort, we recruited more early-age
breast cancer patients and more locally advanced/advanced breast cancer patients. Patients with
stages III-1V constitute 40% of our cohort but only account for 25% of the TCGA cohort (Table
R2), rendering our cohort enriched with more aggressive disease. Although our cohort and the
MSKCC cohort have similar distributions in tumor stages (Supplementary Table 3), the

MSKCC cohort collected many more metastatic samples (971/1918, 51%) compared with our
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samples (31/1134, 3%). Moreover, 179 patients in the MSKCC cohort had multiple samples
from different sites sequenced, while no patient in our cohort was sequenced repeatedly
(Supplementary Table 4). The MSKCC cohort included more samples from diverse tissue
sites, such as bone, pleura and brain, which were absent in our cohort. According to the
reviewer’s suggestions, we outline the differences in patient characteristics between our cohort
and the other cohorts and carefully discuss the differences in the corresponding recruitment
strategies and prevalence of metastatic distributions in the revised manuscript. Please find the

corresponding revision on Page 8, Lines 19-25 and Page 9, Lines 1-3.

Supplementary Table 3. The comparison of patient characteristics between FUSCC
and TCGA/MSKCC cohorts.

FUSCC TCGA MSKCC
Variables  (n=1134) (n=982) (n = 1756) PI* P2*
No. (%) No. (%) No. (%)
Age <0.001 0246

<50 years 493 43% 298  30% 802  46%
>50 years 641  57% 684  70% 954 54%

Sex 0.001 0.026
Female 1134 100% 971 99% 1746 99%

Male 0 0% 11 1% 10 1%

LN status 0.137 <0.001
Positive 647  57% 510 52% 755 43%

Negative 464  41% 456  46% 745 42%

Unknown 23 2% 16 2% 246 14%

TNM stage <0.001 0.040
I-I 661  58% 715 73% 1029  59%

-1V 453  40% 244 25% 714 41%

Unknown 34 2% 23 2% 13 1%

Pathological type <0.001 <0.001
IDC 658  58% 728  74% 1339 76%

ILC 12 1% 165 17% 275 16%

Others 57 5% 89 9% 113 6%

Unknown 407  36% 0 0% 29 2%

ER status <0.001 <0.001
Positive 720  63% 727  74% 1244  71%

Negative 414  37% 210 21% 472 27%

Unknown 0 0% 45 5% 40 2%

PR status <0.001 <0.001
Positive 594 52% 631 64% 1244 71%

Negative 540  48% 305 31% 472 27%
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Unknown 0 0% 45 5% 40 2%

HER?2 status <0.001  <0.001
Positive 516  46% 168  17% 190 11%

Negative 603  53% 645  66% 1462 83%

Unknown 15 1% 169  17% 104 6%

Histologic grade NA <0.001
I 11 1% 0 0% 90 5%

11 310 27% 0 0% 422 24%

11 322 28% 0 0% 1071  61%

Unknown 491  43% 982  100% 173 10%

* Associations were evaluated by Chi-square test. PI, FUSCC vs TCGA; P2, FUSCC vs
MSKCC.

Supplementary Table 4. The comparison of sample sites of
advanced patients between FUSCC and MSKCC cohorts.

FUSCC (n= MSKCC (n=

Metastatic sites 109) 905) p*
No. (%) No. (%)
Liver 9 8.3% 206 22.8%
Bone 0 0.0% 128 14.1%
Lymph Node 9 83% 126 13.9%
Chest Wall 8 73% 79 8.7%
Lung 5 4.6% 64 7.1%
Pleura 0 0.0% 39 4.3%
Brain 0 0.0% 33 3.6%
Breast 78 71.6% 29 3.2%
Skin 0 0.0% 25 2.8%
Ovary 0 0.0% 25 2.8%
Soft Tissue 0 0.0% 24 2.7%
Peritoneum 0 0.0% 8 0.9% <0.001
Epidural Mass 0 0.0% 7 0.8%
Bowel 0 0.0% 7 0.8%
Bladder/Ureter 0 0.0% 5 0.6%
Stomach 0 0.0% 4 0.4%
Orbit 0 0.0% 4 0.4%
Uterus 0 0.0% 2 0.2%
Pericardium 0 0.0% 2 0.2%
Trachea 0 0.0% 1 0.1%
Spleen 0 0.0% 1 0.1%
Parotid 0 0.0% 1 0.1%
Esophagus 0 0.0% 1 0.1%
Multiple sites 0 0.0% 84 9.3%

* Associations were evaluated by Fisher’s exact test.
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Additionally, we carefully read the two recent studies (Bertucci Nature 2019 and Angus
Nature Genetics 2019) the reviewer suggested, and both studies were cited and discussed along
with the recruitment strategies in our revised manuscript. Both studies® !° demonstrated that
TP53, ESRI, PTEN, KMT2C, AKTI and NFI were more frequently mutated in metastatic
HR+/HER2- breast cancers than early cancers, in accordance with the previous study'l,
indicating their driving impact in breast cancer metastasis and relapse. In our study, we found
that the mutation frequencies of 7P53, AKTI and NFI were significantly higher than those in
the TCGA and MSKCC datasets. First, we supposed the disparity of the mutation frequencies
of TP53 and NFI might result from lower proportion of patients with HR+/HER2- subtype
recruited in our cohort compared to the other two cohorts. Second, for these genes are enriched
in metastatic breast cancer patients, it might indicate breast cancer in Chinese population is a
more aggressive type compared with Caucasian population. Please find the corresponding

discussion on page 21, lines 2-12.

Comment 3: The section on clinical actionability needs substantial clarification. First,

are the authors assessing actionability in both the early (Cohorts 1 and 2) and advanced

(Cohort 3) cohorts? None of these is “actionable” in an early-stage breast cancer patient,

so clarification would be helpful. Second, I am puzzled by some of the mutations listed

here as actionable, like TP53 and PTEN, as I am not aware of any data suggesting these

are actionable; PTEN was recently shown to be associated with resistance to PI3K

inhibition (Razavi Nature Cancer 2020), if that is the approach being considered, and

TP53 is notoriously challenging to target.

Response: We agree with the reviewer’s observation. In the present study, we assessed
actionability in patients in bot" 1 h the early (Cohorts 1 and 2) and advanced (Cohort 3) cohorts.
As the reviewer insightfully indicated, none of these is actually actionable, and none of the
early-stage breast cancer patients can currently benefit from such precision treatment. However,
we propose that these data could help these patients access better treatment if recurrence occurs.

We clarified this issue in our revised manuscript.
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Additionally, we apologize for previously listing some mutations that are more likely to
be responsive biomarkers as actionable targets. Some limited evidence suggests that WEE1
inhibitors have efficacy in 7P53-mutated solid tumors.'> '3 Moreover, we previously noticed
that some studies demonstrated that PTEN-deficient tumors might respond to pan-AKT
inhibitors and PARP inhibitors.'* !> 16 However, as the reviewer noted, PTEN was recently
shown to be associated with resistance to PI3K inhibition.!” Considering that the present
evidence is limited and controversial, we agree that it is better to remove 7P53 and PTEN from

the list of actionability.

It would be clarifving if the authors could provide a supplementary table listing the

actionable mutated genes identified in the cohort, the number of times each was identified

in Cohort 1 vs 2 vs 3, and the proposed drugs that target that mutation. The 2 case studies

provided are helpful illustrations of how these results were used in the Umbrella trial, but

it would be useful to add to the aforementioned proposed supplementary table a column

indicating if mutations identified in that gene did in fact lead to a specific targeted therapy

approach for one of the 109 patients on that trial, what that specific targeted therapy

approach was, and what was the best response (CR, PR, SD, or PD) for each patient put

on that approach (to put these 2 case studies in context). For the 2 case studies, it would

be helpful if each of them was shown in the same way, for example showing the case in (e)

the same as the case in (f), with all previous treatments and responses followed by the PR,

rather than the change from baseline over 4 cycles only.

Response: We appreciate the reviewer’s comments. We agree that providing a table listing
the actionable mutated genes identified in separate cohorts could be very helpful, and such a
table (Supplementary Table 5) was included in our revised manuscript. As the reviewer
suggested, four columns were integrated in Supplementary Table 5 to indicate the mutation,
targeted therapy, best response and whether it is sequencing-guided treatment. However, the
second case shown in Figure 5h and 5i was sequenced in October 2019, which was beyond
our recruitment. The case is presented as an example to illustrate how clinical sequencing

helped the treatment of our patients. The sequencing result of the individual case was exclusive
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of the landscape of the 1,134 breast cancer patients and was not included in Supplementary
Table 5. In Figure Se, all previous treatments and related responses of the triple-negative breast

cancer patient are shown in the same way as shown in Figure 5h.
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Fig.5 | Actionable and Oncogenic Alterations Revealed by Clinical Sequencing. a.
Fractions of alterations annotated based on their clinical actionability according to PGI in
different molecular subtypes of breast cancer. b. Distribution of breast cancer samples assigned
with level of the most significant alteration. ¢. Fractions of samples with multiple oncogenic
alterations annotated in different molecular subtypes of breast cancer. d. Actionable alterations
annotated in different molecular subtypes of breast cancer. e. Time line of disease progression

and multiple-line treatment of the advanced TNBC patient. f. Line charts showing the relative
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tumor size of the advanced TNBC patient based on RECIST 1.1 criteria. g. MRI images
showing the decreasing tumor size at indicated time points. h. Time line of disease progression
and multiple-line treatment of the advanced HR+/HER2- breast cancer patient. i. MRI images
showing the decreasing liver metastasis at indicated time points. Abbreviations: Dx, diagnosis;
PR, partial response; SD, stable disease; PD, progressive disease; ECx4 = epirubicin +
cyclophosphamide for 4 cycles; Px4 = paclitaxel for 4 cycles; P+CbP = paclitaxel + carboplatin;

OFS = ovarian function suppression; Al = aromatase inhibitor.

Comment 4: For the NF2 mutations identified in the cohort: I have a few clarifying

questions:

- Can the authors clarify in Figure 6A how recurrent the 4 recurrent mutations were (like

just 2 cases, or more)?

Response: We are grateful for the reviewer’s intuitive comments. We apologize for not
clarifying the recurrent mutations in our manuscript. NF2 L751, G240W, P257T/Q and Q324K
were identified as recurrent spots as they were found to be mutated in at least two cases in our
cohort. This information is provided in the revised manuscript. Please find the corresponding

revision on page 18, lines 2-4.

- Do existing tools like POLYPHEN-2 also suggest that G240W and Q324K are LOF

while the others are not? What do these tools say about the other NF2 mutations identified

in this cohort that were not functionally tested, and what about the 4 NF2 mutations that

were found in TCGA or MSK-IMPACT (per cbioportal, e.c. H195P, E1660, O320H)?

Response: As you kindly suggested, we used Polyphen2 to perform loss-of-function
prediction. NF2 G240W was predicted as a probably damaging mutation in the Polyphen2

result, while NF2 Q324K was not (Table R4).

The detailed analysis loss-of-function prediction results of NF2 mutations in TCGA and

MSKCC cohorts through POLYPHEN-2 and SIFT are showed as in Table R5.
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Table R4. Loss-of-function prediction results of NF2
mutations in FUSCC cohort.

Substitutions POLYPHEN-2
G3W probably damaging
F35L possibly damaging
G43wW probably damaging
L751 probably damaging
QI11K probably damaging
P134T probably damaging
P155H possibly damaging
Q165K benign

WI191L benign

M2051 possibly damaging
G240W probably damaging
P246H benign

R2491 possibly damaging
P252H probably damaging
P257T benign

P257Q benign

Q324K benign

R376L probably damaging
Q389K benign

A403T benign

R411C probably damaging
E463K possibly damaging
T480M possibly damaging
M5291 benign

Table RS. Loss-of-function prediction results of NF2 mutations in MSKCC
and TCGA cohorts.

Function prediction results

Substitutions
POLYPHEN-2 SIFT

QI25H probably damaging damaging
S156R benign tolerated
E166Q probably damaging damaging
E182Q benign tolerated
H195P probably damaging damaging
E215D benign tolerated
Q320H possibly damaging damaging
E372K probably damaging tolerated
E404K benign tolerated
K586N benign tolerated
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- In Figure 4B, it states the rounded 0% for the HIPPO pathway for MSK-IMPACT;

I would at least give the exact percentage in the main text (e.g. 0.02% or whatever) so as

not to give the impression these are completely absent in other datasets.

Response: We apologize for not providing the exact mutation percentage of the HIPPO
pathway for MSK-IMPACT. However, we only included NF2 and CSNKIE in the HIPPO
pathway, and no sample was mutated in these two genes in the primary cohort of MSK-IMPACT.
Furthermore, we stated in our revised manuscript that, incomplete genes on these pathways
could limit the significance of such comparisons. This statement was provided on page 14,

lines 10-11.

- In the tumors where these NF2 mutations were found, is there evidence for loss of

the wild-type allele (LOH or loss of the other chromosome)?

Response: Notably, we find (software) that the NF2 M2051 and P252H double mutated
(case No. 1800033) sample has a loss of the X chromosome, but no other NF2 mutated samples

show evidence of a loss of the wild-type allele or the other chromosome.

- Does the cohort show any examples of deep deletion of the NF2 locus separate from

these mutated cases?

Response: Interestingly, by analyzing the copy number variations through the FACETS
algorithm, we find 7 samples with a deep deletion of the NF2 locus, and these samples are all

separate from the 25 NF2 mutated samples (Figure R4); the corresponding diagram is as

follows.
samples UL
NF2 alterations Missense Mutation I Amplification I Deep Deletion No alterations

Figure R4. The diagram of NF2 alterations in FUSCC cohort.

- Can the authors comment on the distribution of the NF2 mutations in Cohorts 1 vs

2 vs 3 and by subtype? (I.e. was there a signal that they tended to be enriched in the early

vs advanced-stage cohorts?)
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Response: We agree with the reviewer’s intuitive comments. We found that 2.2%
(25/1,134) of breast cancer patients harbor NF2 mutations. We observed that the NF2 mutation
distributions vary in different breast cancer subtypes in our study (Table R6, P = 0.025), but
we did not observe significantly different distributions in Cohorts 1, 2 and 3 (Table R6, P =

0.589) as shown as follows.

Table R6. NF2 mutation distributions in different breast cancer subtypes and cohorts

in our study.

NF2 mutation status
Total - -
. Carriers Non-carriers P
patients
N % N %
Luminal A 134 5 3.7% 129  96.3%
Luminal B (HER2-) 385 8 2.1% 377 97.9%
Subtypes  Luminal B (HER2+) 174 0 00% 174 100.0% 0.025
HER?2 positive 202 4 2.0% 198 98.0%
Triple negative 198 8 4.0% 190 96.0%
Cohort 1 410 9 22% 401 97.8%
Cohorts Cohort 2 594 12 2.0% 582 98.0% 0.589
Cohort 3 105 4 38% 101 96.2%

Reviewer #2 Minor Comments:

Comment 1: The second paragraph of the introduction, discussing targeted

approaches in breast cancer, should be clarified a bit. I would write something like:

“Approved targeted therapeutics in breast cancer include multiple agents aimed at HER2

amplification [note that there are several approved beyvond the 3 chosen to be listed in the

current version], as well as PARP inhibitors for BRCA1/2-mutated advanced breast

cancers _and PI3K inhibitors for PIK3CA-mutated advanced breast cancers. Other

targeted therapies, including AKT inhibitors, STAT3 inhibitors, anti-androgen therapies,

and many others are areas of active research.” I do not consider CDK4/6 inhibitors to be

targeted at this time, given no evidence for differential benefit for any one biomarker (e.g.

CCNDI1 amplification, which was tested and failed as a biomarker of response).

Response: We sincerely thank the reviewer for this advice and amended the statement as
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suggested in the revised version as follows:

“The targeted therapeutics approved for breast cancer include multiple agents targeting

HER2 (commonly referred to as human epidermal growth factor receptor 2) amplification

' and neratinib),*

(trastuzumab,'® pertuzumab,'® ado-trastuzumab emtansine,?® lapatinib, 2
PARP inhibitors (olaparib®® and talazoparib) >* for BRCA1/2-mutated advanced breast cancers
and PI3K inhibitors (alpelisib) ** for PIK3CA-mutated advanced breast cancers. Other targeted

therapies, including AKT inhibitors,?®2” STAT3 inhibitors,'!: * anti-androgen therapies,** *

etc.,
are currently areas of active research.” Please find the corresponding revision on page 5,

lines 13-20.

Comment 2: The authors state in the first section of the results and Figure 1b that

the neoadjuvant cohort results were used for biomarker discovery and observation of

drug sensitivity/resistance, but none of these results was reported. Please be explicit that

these are long-term plans for the cohort to be reported in future manuscripts. They also

state that patients were referred to clinical trials as appropriate — is this only relevant to

Cohort 3? Figure 1a makes it seem that neoadjuvant and surgery cohort patients were

also referred to clinical trials.

Response: We appreciate the reviewer’s comment and amended the statement that further
studies will report biomarker discovery and observations of drug sensitivity/resistance in the
neoadjuvant cohort and survival outcomes in the surgery cohort as suggested in the revised

version as follows:

“We manually divided the enrolled breast cancer patients into three cohorts, namely,
locally advanced patients who were referred to neoadjuvant therapy (cohort 1), early-stage
patients who were referred for surgery (cohort 2), and advanced patients who were referred to
salvage therapy (cohort 3). We believed that the clinical sequencing of cohort 1 could help
researchers discover predictive biomarkers and observe drug sensitivity. Moreover, although
cohort 2 could not currently benefit from clinical sequencing, such sequencing could help

treatment decisions if recurrence occurs. The complete treatment, response and survival
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information obtained in long-term follow-up will be updated on our open-access database

(http://data.3steps.cn/cdataportal/study/summary?id=FUSCC_BRCA panel 1000). Cohort 3
could obtain precision treatment or receive a referral to clinical trials according to the

sequencing results.” Please find the corresponding revision on page 7, lines 11-13.

Regarding Figure 1a, we agree that this figure should show only the patients in Cohort 3
referred to clinical trials according to their sequencing results, and we altered Figure 1a and

the corresponding figure legend accordingly.

1,134 breast cancer patients
Cohort 2

Cohort 1 Cohort 3

eoadivant

Genome-
guided

Fom
sequencing

~ )\ Persional
/ \ . @ e
= ﬂj = Fudar, interpreter
: C3CH) data b
E portal =

1,134 Chinese | Clinical Bior D
i y construction

[Cohori 3]

Clinical
Trial

*p< 005
== p<: 0,001

[
wi
mn
v

=40
M 41-50
M 51-60
M =61

Neoadjuvant
n=419
Advanced
n=109

Surgery
n=606

Fraction of samples

Breast
Cther

Neoadjuvant
M Non-neoadjuvant

Fig. 1 | Schematic of the study and sample distributions. a. Schematic of the study. The
patients in cohort 3 were referred to genome-guided clinical trials when the criteria were met.
b. Purpose of investigating three different cohorts c. Treatment information. 1 Clinical trials. §
Fudan Umbrella Trial. Abbreviations: dd = dose densed, EC = epirubicin + cyclophosphamide,
P = paclitaxel, T = docetaxel, NE = vinorelbine + epirubicin, PE = paclitaxel + epirubicin, CbP
= carboplatin, Al = aromatase inhibitor d. Clinical features of our prospective cohort compared

with those found in previous sequencing studies of breast cancers (MSKCC and TCGA).
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Comment 3: On page 11, the authors state that 71 genes had higher and 8 genes had

lower mutation frequencies compared with MSK-IMPACT. What threshold is this based

on? (It does not appear to be FDR < 0.05? If not, should also report number of genes

meeting that threshold in both directions). What is the authors’ hypothesis for this

imbalance, with far more genes with higher frequencies in Fudan-BC as compared to

MSK-IMPACT than the reverse? It might suggest a more uniform population of breast

cancers, or a more sensitive assay.

Response: We are grateful for the reviewer’s insightful comments. We apologize for
stating that 71 genes had higher and 8 genes had lower mutation frequencies compared with
MSK-IMPACT and not providing the detailed comparison results in the previous version of our
manuscript. The previous result was stated based on a threshold of P < 0.05 by mistake.
Therefore, when the mutation frequencies are calculated and compared based on an FDR < 0.05,
we find that 20 genes had higher and 8 genes had lower mutation frequencies compared with
MSK-IMPACT. Please find the corresponding revision on Page 11, Line 20-22. We suppose
that the obvious imbalance disappears after the FDR correction. We provide the following table

(Table R7) to exhibit the detailed comparison results with the MSK-IMPACT cohort.

Table R7. Comparison of the mutation frequency between the FUSCC and MSK-IMPACT cohorts.

FUSCC MSKCC FUSCC MSKCC FUSCC MSKCC
Gene Mutated Mutated Nonmutated Nonmutated Mutated Mutated P FDR

Sample Sample Sample Sample Fraction Fraction
CDH1 34 137 991 670 3.3% 17.0% <0.001 <0.001
TP53 530 239 495 568 51.7% 29.6% <0.001 <0.001
KMT2D 71 3 954 804 6.9% 0.4% <0.001 <0.001
NF1 102 14 923 793 10.0% 1.7% <0.001 <0.001
KMT2C 91 18 934 789 8.9% 2.2% <0.001 <0.001
APC 48 8 977 799 4.7% 1.0% <0.001 <0.001
NF2 21 0 1004 807 2.0% 0.0% <0.001 <0.001
NOTCHI 58 15 967 792 5.7% 1.9% <0.001 0.001
MAP3K1 47 76 978 731 4.6% 9.4% <0.001 0.001
ABLI 28 3 997 804 2.7% 0.4% <0.001 0.001
PIK3CA 329 330 696 477 32.1% 40.9% <0.001 0.002
ATRX 36 7 989 800 3.5% 0.9% <0.001 0.002
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DNMT3A 34 6 991 801 3.3% 0.7% <0.001 0.002
AXINI 18 1 1007 806 1.8% 0.1% <0.001 0.004
SMARCA4 24 3 1001 804 2.3% 0.4% <0.001 0.004
KMT2B 23 3 1002 804 2.2% 0.4% 0.001 0.006
GATA3 97 119 928 688 9.5% 14.7% 0.001 0.006
PDGFRB 22 3 1003 804 2.1% 0.4% 0.001 0.009
CBFB 26 45 999 762 2.5% 5.6% 0.001 0.009
PTEN 44 64 981 743 4.3% 7.9% 0.001 0.012
78C2 26 5 999 802 2.5% 0.6% 0.002 0.013
ASXLI 27 6 998 801 2.6% 0.7% 0.002 0.019
CiC 25 5 1000 802 2.4% 0.6% 0.002 0.020
NOTCH3 32 9 993 798 3.1% 1.1% 0.004 0.029
BRCA2 10 23 1015 784 1.0% 2.9% 0.004 0.029
NCORI1 16 30 1009 777 1.6% 3.7% 0.004 0.029
VHL 13 1 1012 806 1.3% 0.1% 0.005 0.035
CREBBP 38 13 987 794 3.7% 1.6% 0.006 0.043
1
2 Comment 4: Also on page 11, this sentence confuses me “AKT1 and TP53 were more
3  frequently found in the Caucasian population in our study compared with the TCGA
4 cohort”. Should this read “Chinese”, not “Caucasian”?
5 Response: Once again, we apologize for the omission. The word “Caucasian” was
6  replaced with the word “Chinese”. Please find the corresponding correction on page 12, line
7 19.
8 Comment 5: On page 5, please state how these nine signaling pathway gene sets were
9  selected.
10 Response: We appreciate the reviewer’s comment and apologize for the confusion. The
11  nine signaling pathway gene sets were selected according to a study conducted by Francisco
12 Sanchez-Vega.?’ These authors analyzed the mechanisms and patterns of somatic alterations in
13 the following 10 canonical pathways across 33 cancer types in 9,125 samples: cell cycle, Hippo,
14  Myc, Notch, Nrf2, PI-3-Kinase/Akt, RTK-RAS, TGFp, P53 and B-catenin/WNT. However,
15  Nrf2 signaling pathway genes were not incorporated in our FUSCC-BC panel, and we choose
16  the remaining nine pathways to perform our analysis.
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Comment 6: On page 15, what is meant by “refractory bilateral relapse”? For distant

metastasis, “bilateral” seems an odd choice of words?

Response: We apologize for this mistake. This text was replaced with the phrase
“contralateral recurrence”. We revised the manuscript comprehensively to avoid such mistakes.

Please find the corresponding correction on page 16, line 25.

Comment 7: For Figure 1, “c” should read “trial” (typo), and abbreviations are

needed for these treatments. (NE, PE, and PC are not standard abbreviations at least to

my knowledge.)

Response: We apologize for this spelling mistake and the ambiguous illustration of the
abbreviations of the treatments. The typographical error was corrected, and the unabbreviated

forms of chemotherapy are displayed in the legend of Figure 1.

“a, Schematic of the study. The patients in cohort 3 were referred to genome-guided
clinical trials when the criteria were met. b. Purpose of investigating three different cohorts c.
Treatment information. § Clinical trials.  Fudan Umbrella Trial. Abbreviations: dd = dose
densed, EC = epirubicin + cyclophosphamide, P = paclitaxel, T = docetaxel, NE = vinorelbine
+ epirubicin, PE = paclitaxel + epirubicin, CbP = carboplatin, Al = aromatase inhibitor d.
Clinical features of our prospective cohort compared with those found in previous sequencing

studies of breast cancers (MSKCC and TCGA).”

Comment 8: For Figure 2: for “a”, how did the authors define the 5 subtypes based

on IHC? Did they use Ki67 to distinguish luminal A and B? Perhaps I missed this?

Response: We are grateful for the reviewer’s helpful comments. We apologize for the
missing part of the definition of the 5 subtypes based on immunohistochemistry, and we
complement the information in the part of Methods. Please find the corresponding revision

on page 24, lines 11-25 and page 25, line 1.

“A cutoff of <1% positively stained cells was used to indicate ER/PR negativity in
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immunohistochemistry testing,>® and a HER2 status was defined negative by an
immunohistochemistry score of 0 or 1 or a lack of HER2 amplification (ratio < 2.2)
demonstrated by FISH analysis in accordance to the American Society of Clinical
Oncology/College of American Pathologists guideline.®' Ki67 was determined low if <14%
and high if >14% according to the St Gallen guidelines of 2013.%? According to ER, PR, HER?2,
Ki67 status, luminal A subtype was defined by positive ER and PR, negative HER2 and low
Ki67; luminal B (HER2-) subtype was defined by positive ER or PR, negative HER2 and high
Ki67; luminal B (HER2+) subtype was defined by positive ER or PR, positive HER2 regardless
of Ki67 status; HER2 positive subtype was defined by negative ER and PR, positive HER2
regardless of Ki67 status; Triple negative subtype was defined by negative ER, PR and HER2

regardless of Ki67 status.”

For “c”, perhaps go out to VAF 0.5 rather than 1.0 (it is very hard to compare these

VAFs, as they are quite small, and 0.5 would represent a CCF of 1.0 for a diploid tumor

with 100% purity).

Response: In Figure 2¢, according to the reviewer’s comments, we set the upper side to

0.5.

For “d”, the Sankey plot is a little difficult to follow — could they just do stacked

barplots, with one bar for each of the tumor subtypes and then stacks of each of the 8

mutations? Could set these bars all to 1.0 total (same height), which would help us see the

distribution of mutations (as they already show the breakdown by subtype in (a)).

Response: In Figure 2d, we apologize for the inconvenience. Compared with stacked
barplots, Sankey plots appear more abstract. However, in recent years, Sankey plots seem to be
widely used in diverse studies to represent arrow or arcs that have a width proportional to the
importance of the flow. Honestly, it is difficult to draw one bar for each of the tumor subtypes
and stacks of each of the 8 mutations when one patient carries more than one of the 8 mutations.
We think that it is applicable to draw one bar for each of the tumor subtypes and one bar for

each of the 8 mutations. However, we respect the reviewer’s thoughtful considerations and
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suggestions. Therefore, we would like to retain the original Sankey plots and upload barplots

in supplementary files.

Moreover, we analyzed all genomic mutations in addition to these top mutated genes and

their association with different breast cancer subtypes. The results are presented in barplots and

the following corresponding supplementary table (Supplementary Table 4). Therefore, we

also observed FAM47C and KDM6A mutations were associated with triple negative subtype,

CBFB mutations were associated with luminal A subtype and XDH mutations were associated

with luminal B (HER2-) subtype.

Supplementary Table 4. Groupwise comparison of mutational frequency by molecular subtype
related to Figure 2e.

Group 1 Group 2
Gene Group 1 Group 2 Mut Mut P FDR
Total Total
ated ated
TP53 Triple negative Rest 206 164 928 441 <0.001 <0.001
TP53 HER2 Rest 206 153 928 452 <0.001 <0.001
PIK3CA Luminal B (HER2-) Rest 393 102 741 117 <0.001 0.012
PTEN Triple negative Rest 206 21 928 28 <0.001 0.012
AKTI Luminal A Rest 139 17 995 37 <0.001 0.029
FAM47C Triple negative Rest 206 6 928 2 <0.001 0.155
GATA3 Luminal B (HER2-) Rest 393 52 741 54 <0.001 0.176
CBFB Luminal A Rest 139 10 995 18 0.001 0.176
KDMo6A Triple negative Rest 206 9 928 8 0.001 0.176
XDH Luminal B (HER2-) Rest 393 9 741 2 0.002 0.245
9
10
11
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Reviewers' Comments:

Reviewer #1:
Remarks to the Author:
I believe my concerns and comments have been addressed in the revised manuscript.

Reviewer #2:

Remarks to the Author:

The authors have addressed my comments. I am especially grateful for the addition of the
supplementary tables comparing patient and tumor characteristics between Fudan, MSKCC, and
TCGA; sites of biopsy in the three cohorts; and treatments given on the umbrella trial in the
advanced-stage cohort.

My only comment is that the authors now state in the discussion that the increased frequency of
TP53 and NF1 relative to MSKCC may be related to a reduced frequency of EH+/HER2- breast
tumors in their cohort. But it seems they report in Figure 3b that TP53, NF1, and indeed AKT1 and
KMT2C (2 additional genes associated with metastatic HR+/HER2- breast tumors as compared to
primaries) were higher in frequency in their cohort than in MSKCC among HR+/HER2- tumors only.
They could emphasize in the Discussion that the enrichment of these metastasis genes appears to
be upheld in the HR+/HER2- subtype only, though I agree that differences in recruitment and
resulting tumor characteristics could still contribute.



Point-by-point response to the reviewers’ comments

Reviewer #1 (Remarks to the Author):

Comment: | believe my concerns and comments have been addressed in the revised manuscript.

Response: Thanks for the reviewer’s kind comment.

Reviewer #2 (Remarks to the Author):

Comment: The authors have addressed my comments. | am especially grateful for the addition of

the supplementary tables comparing patient and tumor characteristics between Fudan, MSKCC,

and TCGA; sites of biopsy in the three cohorts; and treatments given on the umbrella trial in the

advanced-stage cohort.

My only comment is that the authors now state in the discussion that the increased frequency of

TP53 and NF1 relative to MSKCC may be related to a reduced frequency of HR+/HER2- breast

tumors in their cohort. But it seems they report in Figure 3b that TP53, NF1, and indeed AKT1

and KMT2C (2 additional genes associated with metastatic HR+/HER2- breast tumors as

compared to primaries) were higher in frequency in their cohort than in MSKCC among

HR+/HER2- tumors only. They could emphasize in the Discussion that the enrichment of these

metastasis genes appears to be upheld in the HR+/HER2- subtype only, though | agree that

differences in recruitment and resulting tumor characteristics could still contribute.

Response: Thanks for the reviewer’s insightful comment and valuable suggestion. As it is
suggested, we add in the Discussion that the enrichment of TP53 and NF1 genes appears to be
upheld in the metastatic HR+/HER2- subtype particularly. Please find the corresponding

change on Page 19, Line 10-12.



