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IMPORTANCE—Chemotherapy response in the majority of patients with ovarian cancer remains
unpredictable.

OBJECTIVE—To identify novel molecular markers for predicting chemotherapy response in
patients with ovarian cancer.

DESIGN, SETTING, AND PARTICIPANTS—Observational study of genomics and clinical
data of high-grade serous ovarian cancer cases with genomic and clinical data made public
between 2009 and 2014 via the Cancer Genome Atlas project.

MAIN OUTCOMES AND MEASURES—Chemotherapy response (primary outcome) and
overall survival (OS), progression-free survival (PFS), and platinum-free duration (secondary
outcome).

RESULTS—In 512 patients with ovarian cancer with available whole-exome sequencing data,
mutations from 8 members of the ADAMTS family (ADAMTS mutations) with an overall mutation
rate of approximately 10.4% were associated with a significantly higher chemotherapy sensitivity
(100% for ADAMTS-mutated vs 64% for ADAMTS wild-type cases; P < .001) and longer
platinum-free duration (median platinum-free duration, 21.7 months for ADAMTS-mutated vs 10.1
months for ADAMTSwild-type cases; P =.001). Moreover, ADAMTS mutations were associated
with significantly better OS (hazard ratio [HR], 0.54 [95% ClI, 0.42-0.89]; P = .01 and median OS,
58.0 months for ADAMTS-mutated vs 41.3 months for ADAMTS wild-type cases) and PFS (HR,
0.42 [95% ClI, 0.38-0.70]; P < .001 and median PFS, 31.8 for ADAMTS mutated vs 15.3 months
for ADAMTS wild-type cases). After adjustment by BRCAL or BRCA2 mutation, surgical stage,
residual tumor, and patient age, ADAMTS mutations were significantly associated with better OS
(HR, 0.53 [95% ClI, 0.32-0.87]; P = .01), PFS (HR, 0.40 [95% ClI, 0.25-0.62]; P < .001), and
platinum-free survival (HR, 0.45 [95% CI, 0.28-0.73]; P = .001). ADAMTS mutated cases
exhibited a distinct mutation spectrum and were significantly associated with tumors with a higher
genome-wide mutation rate than ADAMTSwild-type cases across the whole exome (median
mutation number per sample, 121 for ADAMTS-mutated vs 69 for ADAMTS wild-type cases; P <.
001).

CONCLUSIONS AND RELEVANCE—ADAMTS mutations may contribute to outcomes in
ovarian cancer cases without BRCAL or BRCA2 mutations and may have important clinical
implications.

Ovarian cancer remains the leading cause of mortality from gynecologic cancer.1:2 Despite
aggressive surgery and chemotherapy, most patients eventually experience relapse with
generally incurable disease mainly due to emergence of chemotherapy resistance.3# Early

identification and differentiation of patients with chemotherapy-resistant disease could allow

enrollment in clinical trials with alternative therapeutics rather than ineffective
chemotherapy.

Patients with ovarian cancer with germline or somatic BRCAL or BRCA2 mutations are
recognized to have better response to platinum-based treatment and substantially longer
survival than noncarriers.® Recent analyses showed that BRCA2 mutation demonstrated a

stronger association with improved survival and chemotherapy response among women with

ovarian cancer than BRCA1 mutation across multiple data sets.®”
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BRCAL or BRCA2 mutations including both germline and somatic mutations have been
found in 20.3% of the Cancer Genome Atlas (TCGA) patients with ovarian cancer,® which
is similar to the mutation rates reported in previous studies.®10 However, the clinical
chemosensitive rates to platinum-based therapy regimens are approximately 70%,11
suggesting that events other than BRCA1 or BRCA2 mutations exist that predict
chemotherapy response. In this study, we examined TCGA genomic and clinical data to
determine the association between novel gene mutations in ovarian cancer and patient
overall survival (OS), progression-free survival (PFS), and chemotherapy response.

Patients and Study Design

We obtained the whole-exome sequencing data for 512 patients with high-grade serous
ovarian cancer from TCGA.8 The specimens were obtained prior to systemic therapy and all
patients received platinum-based chemotherapy. The entire TCGA cohort was divided into a
discovery set of 210 cases (hereafter referred to as the discovery cohort) and a validation set
of 302 cases (hereafter referred to as the validation cohort). The separation of discovery and
validation cohorts is described in detail in the eMethods in the Supplement. Details about
patient characteristics and study design are described in the eMethods, eFigure 1, and
eTables 1, 2, and 3 in the Supplement. Access to TCGA database was approved by the
National Cancer Institute (https://tcga-data.nci.nih.gov/tcga). The study was approved by the
institutional review board at the University of Texas MD Anderson Cancer Center. The need
for consent was waived because of the retrospective nature of the study.

Whole-Exome Sequencing Data Analysis

We analyzed the whole-exome sequencing data for the 210 TCGA cases in the discovery
cohort that had explicitly defined response status to chemotherapy (sensitive or resistant). To
quantify the association of gene mutation with response status, we calculated for each
individual gene the number of mutations in the sensitive (Ng) or resistant (N,) samples,
respectively. We further selected the genes associated with chemosensitivity by applying
both of the following criteria: (1) Ny = 0; (2) Ng= 2.

We calculated the mutation frequency in terms of the total number of mutations including
single-nucleotide substitution or insertion-deletion (indel) per sample. Fractions of
mutations (indels were excluded) in the 6 possible mutation classes (ie, C>T, C>A, C>G,
A>G, A>C, and A>T) were calculated for each sample. Details of whole-exome sequencing
and chemotherapy response data analyses are provided in the eMethods in the Supplement.

Statistical Analysis

Survival differences were assessed using the log-rank test or Wald test (details are described
in the eMethods in the Supplement). Other standard statistical tests were used to analyze the
clinical and genomic data, including the Mann-Whitney, Fisher exact, and y? tests. All
statistical tests were 2 sided, and P < .05 was considered statistically significant. Statistical
analyses were performed using scientific software such as Matlab (MathWorks), SPSS
version 18 (SPSS Inc), and GraphPad Prism, version 6 (Graphpad Software Inc).
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ADAMTS Mutations in TCGA Ovarian Cancer Patients

Association

Whole-exome capture and sequencing of TCGA ovarian cancer samples targeted
approximately 180 000 exons from 18 500 genes.8 Of the 210 patients with explicit
chemotherapy response status in TCGA discovery cohort (eMethods and eFigure 1 in the
Supplement), 141 were designated as sensitive and 69 as resistant. Mutation analysis
showed that 2118 genes including BRCA2 were mutated in at least 2 chemosensitive
samples (Ng= 2), but not in any of the chemoresistant cases (N; = 0) (eFigure 2 and eTable 4
in the Supplement). The majority of these genes had small numbers of mutations, which is
consistent with the somatic mutation frequency of any gene other than TP53 being relatively
low in high-grade serous ovarian cancer.8 ADAMTSIL6, a member of the ADAMTS (a
disintegrin and metalloproteinase with thrombospondin motifs) superfamily,12 is one of the
most frequently mutated genes (eTable 5 in the Supplement). Because members from the
gene family share common protein structural domains and demonstrate functional
redundancy,1314 we next examined whether any other member(s) of the ADAMTS family
was associated with chemosensitivity. Interestingly, we found that 6 ADAMTS family
members in addition to ADAMTSL6 demonstrated a mutation bias in platinum-sensitive
patients (eFigure 2 in the Supplement). Furthermore, gene set enrichment analysis of the
responder-related genes showed that members of this gene family were significantly
enriched in the list (P = .02, %2 test). The mutated members consisted of ADAMTS16
(~4.3%), ADAMTSL1 (~2.9%), and ADAMTSL, ADAMTSL15, ADAMTS5, ADAMTS®9, and
ADAMTSLS8 (~1.0% each). To obtain a more comprehensive view of gene mutations from
this family, we included ADAMTSL3 in the downstream analysis although it was mutated in
only 1 chemosensitive sample (Figure 1). We use the term “ADAMTS mutations” to refer to
the mutations of these 8 members, unless specified otherwise.

Together, ADAMTS mutations were found in a total of 23 ovarian cancer samples (Figure 1);
most of these were missense (eFigure 3 in the Supplement). Forty-two samples harbored
BRCA1 or BRCA2 mutations, 66.7% of which were germline mutations (Figure 1). The
BRCA and ADAMTS mutations were not correlated with each other (P = .26, Fisher exact
test). Except for a significant correlation with chemotherapy response status, ADAMTS
mutations were not correlated with age or clinical characteristics such as stage, grade, and
residual tumor (Figure 1 and eTable 6 in the Supplement).

of ADAMTS Mutations With Patient Survival

We next determined the relationship between the prevalence of ADAMTS mutations and
patient outcome (Figure 2). Kaplan-Meier survival analysis revealed that patients with
ADAMTS mutations had a 5-year survival rate of approximately 59% and exhibited
significantly longer OS than those without (median OS, not reached vs 44.4 months; log-
rank P =.007; hazard ratio [HR], 0.37 [95% CI, 0.29-0.82]) (Figure 2A). Similarly, the
median PFS of the ADAMTS mutated cases was almost twice as long as that of the ADAMTS
wild-type cases (26.8 vs 14.0 months; log-rank P =.002; HR, 0.47 [95% ClI, 0.38-0.80])
(Figure 2B).
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To test whether this result was independent of known predictive variables such as BRCA1 or
BRCA2 mutation status, residual tumor size (eFigures 4 and 5 in the Supplement), stage,
orage, 1516 we applied multivariate analysis using a Cox proportional hazards model with
ADAMTS mutation status and known predictors as covariates. After adjustment by BRCA1
or BRCA2 mutation, stage, residual tumor, and patient age, ADAMTS mutation was
significantly associated with longer OS (HR, 0.32[95% ClI, 0.14-0.69]; P = .004) and PFS
(HR, 0.42 [95% CI, 0.25-0.71]; P = .001) (Table). Furthermore, we observed no correlation
between ADAMTS mutation and these covariates (eTable 6 in the Supplement). These data
suggested that ADAMTS mutation is an independent predictor of survival in patients with
ovarian cancer.

of ADAMTS Mutations With Chemotherapy Response

All ADAMTS mutated cases in the discovery cohort were designated as chemosensitive. We
next determined the association between ADAMTS mutations and platinum-free duration
after treatment, a parameter characterizing platinum-based chemotherapy response. As
shown in Figure 2C, 41% of patients with ADAMTS mutations had a 2-year platinum-free
duration. Patients with ADAMTS mutations exhibited a significantly longer platinum-free
duration than those with wild-type ADAMTS (median platinum-free duration, 21.7 vs 8.7
months; log-rank P = .004; HR, 0.49 [95% CI, 0.38-0.83]). Multivariate Cox proportional
hazards model analysis showed that ADAMTS mutation had a significant association with
platinum-free duration (HR, 0.43 [95% ClI, 0.26-0.73]; P = .002), independent of other
known predictors such as BRCAL or BRCA2 mutations, stage, and residual tumor volume
(Table).

of ADAMTS Mutations With Mutation Spectra

Using whole-exome sequencing data, we further examined the association between
ADAMTS mutations with mutation spectra in the ovarian cancer exome. Using the method as
previously described,” we found that the ADAMTS-mutated cases were significantly
enriched in the hypermutated samples (P < .01) (eFigure 6 in the Supplement). The median
number of mutations was 183 for ADAMTS-mutated vs 69 for ADAMTSwild-type cases (P
<.001, Mann-Whitney test) (Figure 3A). In contrast, BRCA2 mutation (P = .02) but not
BRCAL mutation (P = .73) was significantly associated with mutation rate in this cohort
(eFigure 7 in the Supplement). Moreover, ADAMTS-mutated cases had a significantly lower
percentage of C>T transition (P = .003) but a significantly higher percentage of A>T
transversion (P = .03) than ADAMTSwild-type cases (Figure 3B and eFigure 8 in the
Supplement). The proportion of C>T transitions was negatively correlated with the mutation
rate, whereas the proportion of A>T transversions showed a significant correlation but in the
opposite direction (eFigure 9 in the Supplement). Because high mutation rate was previously
reported to be associated with better prognosis in endometriall” and colorectal!® cancer, we
hypothesized that the association of ADAMTS mutations with better survival in ovarian
cancer could be a consequence of genetic instability. Supporting this notion, we found that
patients with higher mutation rates exhibited significantly longer OS (P =.002) and PFS (P
=.05) but no significant difference in platinum-free interval (P = .09) as compared with
those with lower mutation rates (Figure 3C).
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Multifaceted Validation of ADAMTS Mutations

To determine whether the association of ADAMTS mutations with patient outcome is due to
chance, we attempted to examine whether any gene combinations from the original 2118
responder-related genes were also significantly associated with patient outcome. We
randomly selected 8 genes (to match the 8 ADAMTS genes) from the list and then performed
survival analysis between patients stratified by mutation status in the 8 selected genes. This
process was repeated 10° times (eMethods and eFigure 10 in the Supplement). We found
that mutations in 58.8%, 69.3%, or 64.0% of gene combinations were not significantly
associated with OS, PFS, or platinum-free survival, respectively (P > .05). Only 3.4% of
gene combinations were simultaneously correlated with OS, PFS, and platinum-free survival
(P < .01 for all 3 survival categories), similar to those of ADAMTS mutations (eFigure 11 in
the Supplement). The P values of these random selections generated a null distribution for
association of the 8-gene combination with outcome, from which we can calculate the
nominal P value of association of ADAMTS mutations with outcome relative to this null
distribution. This analysis showed that the association of ADAMTS mutations with outcome
was statistically significant for PFS (nominal P = .02) and platinum-free survival (nominal P
=.05) but not for OS (nominal P =.09), as compared with the background statistical
significance levels (eMethods and eFigure 11 in the Supplement).

Next we validated the predictive value of ADAMTS mutations in a separate TCGA
validation cohort that comprised 302 ovarian cancer samples (eMethods, eFigure 12, and
eTable 7 in the Supplement), as evaluated by the associations of ADAMTS mutations with
chemosensitivity, survival, and mutation spectra. In this validation cohort, 30 cases had
ADAMTS mutations that were not correlated with BRCA1 or BRCA2 mutations (P = .24,
Fisher exact test) (eFigures 13 and 14 in the Supplement) (only somatic mutation data were
available for the second batch). ADAMTS mutations were significantly associated with
hypermutated samples (P < .001, Mann-Whitney test) and had a significantly lower
percentage of C>T transition (P < .001) but higher percentage of A>T transversion (P =.
003) (Figure 4A and eFigures 15-17 in the Supplement). Among those with known
chemotherapy response status, all ADAMTS-mutated cases were sensitive and none were
resistant (Figure 4A). These results were consistent with the findings from the discovery
cohort. Additionally, patients with ADAMTS mutation had significantly longer PFS than
those without (HR, 0.36 [95% Cl, 0.27-0.81]; log-rank P =.008) (Figure 4B). ADAMTS
mutations exhibited no significant difference in OS and platinum-free interval; this could
have resulted from the short OS follow-up duration and smaller size of analyzed samples
with platinum-free survival data (eFigure 18 and eTable 8 in the Supplement). Likely for the
same reason, the known out come predictor, BRCA1 orBRCA2 mutation status, unexpectedly
was not significantly associated with OS and platinum-free survival (eFigure 19 in the
Supplement).

We pooled the 2 TCGA cohorts and analyzed ADAMTS mutations in the combined cohort of
512 patients with ovarian cancer. A total of 53 cases had ADAMTS mutations, which
corresponded to an overall mutation rate of approximately 10.4%; all were chemotherapy
sensitive (eFigure 20 and eTable 9 in the Supplement). Consistently, ADAMTS mutations
were significantly associated with hypermutated samples (P < .001, Mann-Whitney test),
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low C>T transition (P < .001), and high A>T transversion (P < .001) but were not
significantly correlated with BRCA1 or BRCA2 mutations (P = .07, Fisher exact test)
(eFigures 20 and 21 in the Supplement). With an increased clinical follow-up and more
samples included in the platinum-free survival analysis (eTable 8 in the Supplement),
BRCAL or BRCA2 mutations, as anticipated, exhibited a significant correlation with clinical
outcome in this combined cohort (eFigure 22 in the Supplement). For the same reason,
patients with ADAMTS mutations exhibited significantly longer OS (HR, 0.54 [95% ClI,
0.42-0.89]; log-rank P = .01) and platinum-free interval (HR, 0.48 [95% CI, 0.39-0.80];
log-rank P =.001) than did those without (Figure 4C), similar to PFS (HR, 0.42[95% ClI,
0.38-0.70]) (eFigure 23 in the Supplement). In an adjusted model, ADAMTS mutation was
significantly associated with longer OS (HR, 0.53 [95%Cl, 0.32-0.87]; P = .01), PFS (HR,
0.40 [95% ClI, 0.25-0.62]; P < .001), and platinum-free survival (HR, 0.45 [95% ClI, 0.28-
0.73]; P =.001) independent of BRCA1 or BRCA2 mutation, stage, residual tumor, and age
(eTable 10 in the Supplement). Moreover, ADAMTS nonsilent mutations consistently
exhibited significant association with longer OS (HR, 0.57 [95% CI, 0.41-0.98]; P = .04),
PFS (HR, 0.49 [95% ClI, 0.40-0.82]; P = .002), and platinum-free survival (HR, 0.52 [95%
Cl, 0.40-0.89]; P = .01) even when silent mutations were excluded (eFigure 24 in the
Supplement).

Discussion

Drug resistance is a major cause of treatment failure in ovarian cancer and primarily
contributes to the disease’s high mortality rate. The early identification of patients who are
(or are not) benefiting from platinum-based therapy is central to advancing ovarian cancer
management and represents an important step toward the goal of personalized treatment. In
this study, we found that patients with ADAMTS mutations were significantly correlated
with an improved chemotherapy sensitivity and exhibited a significantly longer platinum-
free duration than those with ADAMTS wild-type tumors. Moreover, ADAMTS mutation
status was an independent predictor of OS and PFS in patients with ovarian cancer
regardless of BRCAL or BRCA2 mutations, stage, residual tumor, and age. Thus, taken
together, patients with either ADAMTS or BRCA1 or BRCA2 mutations are more likely to
benefit from platinum-based therapy. Nevertheless, additional predictors of sensitivity
remain to be detected because many patients without ADAMTS or BRCAL or BRCA2
mutations are chemosensitive.

Alterations in the ADAMTS genes have been detected in cancers®13 and other diseases.12 A
variant at ADAMTS6 orADAMTSL6 was reported to be associated with susceptibility
toosteosarcomal® or with premature ovarian failure.20 ADAMTS13 mutation was recognized
to cause thrombotic thrombocytopenic purpura.?! For the first time, to our knowledge, we
identified an association between ADAMTS mutations and clinical outcome in patients with
ovarian cancer. The ADAMTSgenes consist of a protease domain and an ancillary domain,
each of which provides substrate-binding or cleavage-site specificity. Similar to BRCA1
orBRCA2, which have no “hot spot” (recurrent) somatic mutations,”-8 there is no common
domain that is mutated across the ADAMTSgenes. However, unlike BRCAL or BRCA2,
ADAMTSgenes are rarely reported to be mutated in the germ line.
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Functionally, the ADAMTS proteases are a distinct group of enzymes with broad catalytic
activity against a range of substrates22 and have been demonstrated to have important roles
in angiogenesis, cell migration, coagulation, andinflammation.23 In particular, ADAMTSL,24
ADAMTS9,25:26 ADAMTSI5,27 and ADAMTS1828:29 have been reported to function as
tumor suppressor genes and to inhibit angiogenesis26:30:31 in several cancers. ADAMTSL1
was previously shown to be involved in ovary development.32 ADAMTSL5 mutations
restrained tumor growth and invasion in colorectal cancer. Adamts16-mutant rats exhibited a
longer survival rate than did control rats by alteration in the vasculature.33 Collectively, the
ADAMTSgenes, to a large extent, have been demonstrated to play a critical role in the
development of vasculature, which is known to be heavily implicated in ovarian cancer
prognosis.3#:35 This may explain our observation of a better survival among ADAMTS-
mutated patients.

ADAMTS mutations were significantly associated with tumors with a high mutation rate,
which was similar to what has been observed for BRCA2 mutations. 7 A recent study
showed that some ovarian cancer cases had a mutation signature similar to that found in
BRCAL- or BRCA2-mutated cases but did not harbor BRCA1 or BRCA2 mutations,
indicating that abnormalities of genes other than BRCAL or BRCA2 may contribute to this
mutation pattern.3® Previous studies suggested that genetic in stability could result in the
sensitization to DNA-damaging agents.3” Platinum based treatment induces cross-linking
and single-strand or double-strandbreaks.38 Cells that have more mutations in the genome
may have compromised DNA repair and altered DNA replication capacities, contributing to
an increased sensitivity to apoptosis triggered by platinum-induced DNA damage. In support
of this nation, we recently showed that BRCA2 mutations but not BRCA1 mutations were
significantly associated with high mutation rate and significantly correlated with an
improved chemosensitivity in patients with ovarian cancer, as compared with BRCA1 or
BRCA2 wild-type cases.” Prominently, we further found that the association of mutation rate
with ADAMTS mutations is also statistically significant. High mutation rate is associated
with better prognosis in ovarian cancer, similar to findings in endometriall’ andcolorectall®
cancer. These data together with a small overlap between tumors with ADAMTS and BRCAL
or BRCA2 mutations suggest that ADAMTS mutations may play a similar role in response to
DNA-damaging agents, leading to better survival and improved chemosensitivity in the
patients with ovarian cancer whose tumors did not harbor BRCA1 or BRCA2 mutations.
However, the molecular mechanism underlying the association of ADAMTS mutations with
hypermutated samples remains unclear and requires in-depth studies.

Conclusions

Using whole-exome sequencing, we have, for the first time to our knowledge, reported a
novel association of ADAMTS mutations with longer survival and improved chemotherapy
sensitivity in patients with ovarian cancer. The finding has important implications for
clinical prediction and trial design and may be a useful addition to BRCA mutation
assessment for patients with ovarian cancer.
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Figure 1. ADAMTS Mutations in the Cancer Genome Atlas (TCGA) Discovery Cohort
ADAMTSand BRCAL or BRCA2 mutations that were detected in the 210 TCGA patients

with ovarian cancer in the discovery cohort. A, For each gene (row) indicated, tumors
(columns) with mutations are labeled with red (nonsilent mutations), dark blue (silent
mutations), or light blue (germline mutations) bars. The locations of the residuals altered by
ADAMTS mutations are detailed in eFigure 3 in the Supplement. B, Chemotherapy response
status and clinicopathologic characteristics for each individual patient. “Without residual”
denotes a tumor with no macroscopic disease. The P values show the comparison between
the ADAMTS-mutated cases vs ADAMTS wild-type cases. C, Mutation count for each

individual gene shown in panel A.
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Figure 2. Association of ADAMTS Mutations With Clinical Outcome and Chemotherapy

Response

Estimates of clinical outcome and chemotherapy response were performed among patients
that were stratified on the basis of ADAMTS mutations. Subgroups were compared with the
use of the log-rank test. Kaplan-Meier analyses of overall survival (A), progression-free

survival (B), and platinum-free survival (C) of individuals with ovarian cancer in the Cancer
Genome Atlas (TCGA) discovery cohort are shown. A and B, The percentage probability is
plotted vs time since diagnosis in months. C, The percentage probability is plotted vs time
since the end of adjuvant therapy. The number of patients at risk is shown below each curve
at various time points.

@0ne case is not included in this analysis because of missing overall survival data in TCGA

database.

bSix cases are excluded from this analysis because the patients underwent platinum
treatment after progression or recurrence.
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Figure 3. Association of ADAMTS Mutations With Mutation Spectra
A, Genome-wide mutation frequencies in terms of the number of mutations (vertical axis)

detected for each tumor (horizontal axis) in order of descending number of mutations in
each patient group stratified according to ADAMTS mutations. The median number of
mutations in the ADAMTS-mutated (183) and wild-type groups (69) are indicated by the
horizontal dashed lines. Samples with BRCA1 or BRCA2 mutations are also indicated.
Patients’ response status to chemotherapy is also shown. B, Fractions (vertical axis) of C>T
transition and A>T transversion for each tumor (horizontal axis) in the same order as in A.
C, Kaplan-Meier analyses of overall survival, progression-free survival, and platinum-free
survival in patients stratified by mutation frequency. The ovarian cancer tumors were
dichotomously categorized on the basis of patient mutation rate into 2 groups, high (highest
one-third, n = 70) and low (rest of cohort, n = 140) mutation frequency. Subgroups were
compared with the use of the log-rank test.
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E‘ ADAMTS mutations in validation cohort
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Figure 4. Validation of ADAMTS Mutations
A, Association of ADAMTS mutations with chemotherapy response status, clinicopathologic

characteristics, and mutation spectra in the Cancer Genome Atlas (TCGA) validation cohort
(n =302). “Without residual” denotes a tumor with no macroscopic disease. The median
number of mutations in the ADAMTS-mutated (111) and wild-type groups (69) are indicated
by the horizontal dashed lines. The vertical dashed line highlights the separation of the
ADAMTS mutated samples from the ADAMTS wild-type cases. B, Kaplan-Meier analysis
of progression-free survival in patients stratified by ADAMTS mutations in the validation
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cohort. C, Kaplan-Meier analyses of overall survival and platinum-free survival in patients
stratified by ADAMTS mutations in TCGA combined cohort.
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Univariate and Multivariate Models for Overall Survival, Progression-Free Survival, and Platinum-Free
Survival in Women With Ovarian Cancer in the Cancer Genome Atlas (TCGA) Discovery Cohort?

Table

Univariate Analysis

Multivariate Analysisb

JAMA Oncol. Author manuscript; available in PMC 2016 July 01.

Characteristic HR (95% CI) PValue® HR (95% CI) P Value€
Overall Survival
ADAMTS status
Wild type 1 [Reference] 1 [Reference]
.01 —_— 004
Mutation 0.36 (0.17-0.79) 0.32 (0.14-0.69)
BRCAL or BRCAZ status
Wild type 1 [Reference] 1 [Reference]
.001 —_— 002
Mutation 0.36 (0.20-0.64) 0.40 (0.22-0.72)
Tumor stage
1 1 [Reference] 1 [Reference]
.24 —_— 24
I or IV 1.27 (0.40-4.00) 2.32 (0.56-9.50)
Residual tumor size, mm
od 1 [Reference] 1 [Reference]
1-20 2.07 (1.17-3.66) .01 1.91(1.08-3.39) .03
>20 2.17 (1.08-4.37) .03 1.59 (0.79-3.24) .20
Age at diagnosis,y  1.01 (0.99-1.03) .20 1.02 (1.00-1.03) .09
Progression-Free Survival
ADAMTS status
Wild type 1 [Reference] 1 [Reference]
.003 —_— 001
Mutation 0.46 (0.28-0.77) 0.42 (0.25-0.71)
BRCAL or BRCAZ status
Wwild type 1 [Reference] 1 [Reference]
.006 .009
Mutation 0.59 (0.40-0.86) 0.58 (0.39-0.88)
Tumor stage
I 1 [Reference] 26 1 [Reference] 18
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Univariate Analysis Multivariate Analysisb
Characteristic HR (95% ClI) PValue® HR (95% CI) P Value®
1 or IV 1.67 (0.69-4.08) 2.00 (0.73-5.47)
Residual tumor size, mm
od 1 [Reference] 1 [Reference]
1-20 1.89 (1.26-2.83) .002 1.90 (1.26-2.86) .002
>20 1.82(1.11-2.98) .02 1.56 (0.94-2.60) .08
Age at diagnosis,y  1.00 (0.98-1.01) .56 1.00 (0.98-1.01) .47
Platinum-Free Survival
ADAMTS status
Wild type 1 [Reference] 1 [Reference]
.005 .002
Mutation 0.48 (0.29-0.80) 0.43 (0.26-0.73)
BRCAL or BRCA2 status
Wild type 1 [Reference] 1 [Reference]
.01 .01
Mutation 0.60 (0.41-0.89) 0.59 (0.39-0.89)
Tumor stage
I 1 [Reference] 1 [Reference]
.18 21
1 or IV 1.83(0.75-4.47) 1.91 (0.70-5.23)
Residual tumor size, mm
od 1 [Reference] 1 [Reference]
1-20 1.86 (1.24-2.79) .003 1.88(1.25-2.83) .03
>20 1.84 (1.11-3.03) .02 1.60 (0.96-2.69) .07
Age at diagnosis,y  1.00 (0.98-1.01) .63 1.00 (0.98-1.01) .50

Abbreviation: HR, hazard ratio.

1duasnuen Joyiny

aIncluded are data from the 210 TCGA patients with ovarian cancer who had an explicitly defined chemotherapy response status. Patient
characteristics are detailed in eTable 1 in the Supplement. BRCA mutations include somatic and germline mutations of BRCA1 and BRCA2. Both
ADAMTSand BRCAL and BRCA2 mutations are depicted in Figure 1.

Based on a multivariate Cox proportional hazards model, including all variables in the table.

CWald test.

d_ . . - .
Patients with no macroscopic disease are categorized as 0 mm.
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