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Introduction: Surgical resection is curative for some patients with early lung squamous cell
carcinoma. Staging and clinical factors do not adequately predict recurrence risk. We sought to
validate discriminative performance of proposed prognostic gene expression signatures at a level
of rigor sufficient to support clinical use.

Methods: Two-stage validation used independent core laboratories, objective quality control
standards, locked test parameters, and large multi-institutional specimen/data sets. First stage
validation confirmed a signature’s ability to stratify patient survival. Second stage validation
determined which signature(s) optimally improved risk discrimination when added to baseline
clinical predictors. Participants were prospectively enrolled on institutional (Cohort I) or
cooperative group (Cohort I1) biospecimen/data collection protocols. All cases underwent central
review of clinical, pathologic and biospecimen parameters using objective criteria to determine
final inclusion (Cohort I: n=249; Cohort II: n=234). Primary selection required that a signature
significantly predict 3-years survival after surgery in Cohort I. Signatures meeting this criterion
were further tested in Cohort I, comparing risk prediction using baseline risk factors alone versus
in combination with the signature.

Results: Male sex, advanced age, and higher stage were associated with shorter survival in
Cohort I and established a baseline clinical model. Of three signatures validated in Cohort I, one
signature was validated in Cohort 11 and statistically significantly enhanced prognosis relative to
the baseline model (C-index difference 0.122; p<0.05).

Conclusions and relevance: These results represent the first rigorous validation of a test
appropriate to direct adjuvant treatment or clinical trials for patients with lung squamous cell
carcinoma.

Introduction

Lung cancer is a global health problem with about 228,150 new patients diagnosed annually

in the US and leading to about142,670 deaths. Non-small cell lung cancer (NSCLC)
represents 87% of all lung cancers, with about 65,000 comprising the squamous cell
carcinoma subtype (SC).1 2 Patients with SC (stage I-111A) are treated by surgery with
curative intent. Post-operative adjuvant chemotherapy (ACT) improves survival modest
AJCC 8! edition stages I1-111 NSCLC,3-8 but selection of appropriate candidates for

lyin

treatment remains a challenge absent prognostic and predictive molecular tests. While new

systemic and biological therapy options guided by molecular biomarkers have become

available for patients with adenocarcinoma, there has been little progress in patients with SC
other than immune checkpoint inhibitors.” Thus, even patients with stage 1A (1-3), 1B and
I1A SC after complete surgical resection, experience only 90%, 85%, 80%, 73% and 65%

five-year survival, respectively.

Since the late 1990s, continuously improving methods to determine gene expression
signatures have been directed to develop prognostic signatures for a variety of cancers,

some

of which have been commercialized for clinical use, e.g. Mammaprint for breast cancer.8:
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Efforts in lung cancer, mostly focused on adenocarcinoma, have resulted in a few
commercialized products which have not yet been accepted for reimbursement by Medicare/
HCFA.10-12 Several tests that have been proposed specifically for lung SC have not yet been
subjected to independent multi-institutional validation.13-18

In 2010, Subramanian and Simon published a seminal review of all significant prognostic
tests proposed for NSCLC to that time and concluded that most, if not all, were flawed.1®
They furthermore set down their recommendations for the development and validation of a
successful prognostic test. Using their paper as a guide, we sought to examine existing
(published/non-published) promising signatures for prognosis in lung SC and potentially to
derive more robust new ones.

The primary objective of the current study was to validate biomarkers to identify the 10% to
27% of patients with stage | and 35% of patients with stage 1A SC who are likely to recur
following surgical resection, so that these patients may be offered enrollment in clinical
trials evaluating directed ACT. A secondary objective was to identify patients with stage 1B
SC who are unlikely to develop recurrences and might thereby be spared the potential
significant toxicity and expense of ACT. Herein we describe the identification and validation
of a signature in two independent patient-specimen cohorts, one from a multi-center
biorepository and the other from a prospective multi-institutional NCTN lung biobanking
protocol, all with clinical annotations.

Materials and Methods

Oversight, Tumor Collection, and Annotation:

A multi-institutional NCI-funded network of investigators (Lung SC Consortium) assembled
a large cohort of well-characterized resected frozen tumor specimens from patients with
early stage SC to systematically evaluate relevant published and other proposed molecular
signatures to select and validate the most accurate gene expression signature(s) in a CLIA
environment. Steering, Pathology, Biostatistics, Assay, and Clinical cores were established
to prepare and annotate the specimens, as well as to collect and analyze the data.

MRNA Signatures examined:

A review of the literature and preliminary results led to these RNA expression signatures:
University of Michigan (UM): Beer and Raponi reported a 50-gene prognostic signature
based on Affymetrix U133A mRNA profiling of 129 lung SC.14 Princess Margaret
Hospital (PMH): Zhu et. al. developed a 12-gene signature using the UM dataset'4 by
applying MARSA (Maximizing R Square Algorithm) and further testing /n silico in two
independent lung cancer data sets.1>: 20 The group also independently developed a 15-gene
signature using tumor samples of the JBR 10 adjuvant chemotherapy trial involving 482
stage IB-11 NSCLC patients.2 22 Although this was a NSCLC-based prognostic signature,
its prognostic value was also validated using the 79 stage IB-I1 SC patients from the UM
dataset, 14 indicating that it could also be a SC prognostic classifier. Brigham and Women’s
Hospital (BWH): Signatures were developed by Bueno and colleagues using the UM
dataset.2* Applying a gene ratio algorithm,23-25 two ratios made up of 3 genes (1L16/

J Thorac Oncol. Author manuscript; available in PMC 2021 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Bueno et al.

Page 4

C2CD2L; 1L16/216857_at) were identified that were validated in the Duke® (p=0.0041) and
Lee?0 datasets (p=0.01). Duke Medical Center (DMC): A novel signature was developed
based on comparative genomics in genetically-identical mice between quiescent basilar
bronchial epithelium and squamous metaplastic cells activated by tracheobronchial injury.
The differential gene profile was translated to human equivalent using Chip Comparer and
correlated to the DMC data set of 45 clinical stage | SC patients?® to derive a genomic
profile of SC tumors that could identify a more aggressive phenotype. Washington
University School of Medicine (WU): Govindan and You conducted a meta-analysis of 7
published data sets to identify differentially-expressed genes related to survival.2’

Specimens used for the validation cohorts:

Cohort I included 249 specimens from unique patients obtained from six participating sites.
All specimens had been collected and fresh frozen with IRB approval from patients who
underwent surgery for early stage lung cancer and for whom no neoadjuvant or adjuvant
therapy was administered. Full demographic, clinical and outcome data were collected via
REDCap and reviewed by the clinical core.

Cohort Il consisted of 234 Alliance for Clinical Trials in Oncology (Alliance) /CALGB SC
tumors obtained as part of an approved correlative science protocol (CALGB 150807) from
the lung cancer tumor bank (CALGB 140202, now part of the Alliance biospecimen
resource). This protocol opened in 2004 and accrued 1220 patients from 15 participating
centers. Fresh frozen specimens collected at participant sites were shipped to the Alliance
biorepository at BWH for quality control and storage. Clinical annotation data including
semi-annual outcome assessments were submitted to the CALGB/Alliance Statistical and
Data Center. Among available SC tumors, 234 met the criteria for this study.

Experimental design:

For Cohort I, a histological H&E slide was made from frozen material adjacent to the
portion from each tumor used to prepare 2 pg of total RNA. The slides were sent to the
pathology core at the University of Colorado for review of histology and tumor content, the
RNA was robatically prepared by the Duke core lab and sent to the BWH genomic core lab.

For Cohort I, flanking slides and 1-2 ug of total RNA were prepared and sent to the BWH
genomic core lab from the Alliance biorepository.

Pathology digital imaging, central review, specimen collection and processing:

Flanking frozen sections and corresponding clinical fixed SC specimens and redacted
pathology reports from eligible patients were centrally received and registered at the
University of Colorado (UC). On registration, a single representative excellent quality
Aperio whole slide scanned image of a H&E stained clinical FFPE section was uploaded
into the web-database using the caTissue Core tool. Study entry was based on a histological
diagnosis of squamous carcinoma rendered by the local pathologist and confirmed by review
of the scanned digital image. Tumors were classified according to WHO nomenclature for
squamous carcinoma.28 Specimens were annotated with consensus diagnosis, % tumor
cellularity and % necrosis. Specimens chosen for analysis had confirmed diagnosis of SC
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and utilized regions with =40% tumor cellularity for RNA extraction. The original pathology
report for each case was also submitted for path core confirmation and REDCap data entry
of: number of blocks and slides available; type of specimen; surgical procedure, site of
tumor origin; WHO/IASLC histological type and subtype, differentiation grade,
lymphovascular invasion, visceral pleura invasion and pathological stage of the tumor.
Because the time period from specimen collection to data analysis spanned several editions
of the AJCC Cancer Staging Manual, 6%, 71" and 8™ edition criteria were applied to source
pathology data from all cases in both cohorts. All 3 AJCC editions were used to compute
multivariable models for all specimens.

MRNA profiling:

RNA isolation, cRNA synthesis and Affymetrix gene expression profiling was performed as
described by Raponi et al.1# Following robotic RNA isolation and quality assessment using
the Qiagen Symphony system at the Duke core, total RNA samples (50 ng/microliter) were
plated in fully skirted 96 well plates (two wells reserved for internal controls). All
microarray analysis for Cohorts | and 11 was performed in the CLIA approved BWH core lab
of the Partners Center for Personalized Genetic Medicine in Cambridge MA. Quality
assurance analysis was repeated by the core for all specimens before and after amplification
and labeling. The cut-off was RIN of 7. Contributing institutions were asked to replace
samples that did not meet QC standards when possible for Cohort I specimens. All samples
that passed the QC step were hybridized to U133A microarrays of the same or sequential
lots and processed. Cohorts | and 11 specimens were hybridized and processed sequentially
in roughly the same time-line, process, instruments and personnel. Cohort 11 data were not
examined until all final analytic work was completed and locked on Cohort | specimens.
Profiling was performed blinded to all patient and outcome information.

Data and Statistical analysis:

Database: Clinical variables included age, sex, smoking history (never, former, current),
tumor location (central/peripheral), tumor size, lymph node involvement, date of surgery,
type of surgery, recurrence status (site and date of first recurrence), vital status (cause and
date of death), date of last disease assessment and date of last follow-up. Patients were only
included if they survived at least three months post-surgery and had at least three years of
follow-up (for patients still alive). In addition, raw data from gene expression analyses was
submitted to the biostatistical core and entered into the SC database. Clinical, molecular and
pathology data were linked within the SC database hosted at the biostatistical core which
was originally at the Alliance Statistical Data Center at the Mayo Clinic and subsequently
moved to Weill Cornell Medicine.

All elements of the validation analysis, including lab process, the algorithms generating the
risk score for each signature and the prediction for binary and survival outcomes were
conducted in a lock-down manner with the prediction parameters, models and cutoff points
for high vs low risk patients reported in the original signature articles. Also, the REMARK
guideline was followed in the reporting.2°
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Data pre-processing: An initial quality control check of the array data was performed by
the CLIA certified laboratory that generated the data and any arrays failing quality control
checks were repeated when possible. Affymetrix gene expression CEL data that passed all
quality control checks were normalized with fastlo3? by the statistical core and probeset
expression values (i.e. gene expression values) generated with RMA.31

Prognostic signature performance validation: Each signature was evaluated using
Cox regression for its ability to predict patient death within 3 years of treatment according to
its originally proposed cutoff. The 3-year time was selected because > 70% of deaths from
recurrent SC after surgery for stage | lung cancer occur within 3 years. The overall
discriminative ability of each signature was summarized with the Uno C-statistics for
censored data.32 The survival curves were constructed using the Kaplan-Meier method. The
primary selection criterion was that a signature could significantly predict high or low risk of
death within 3 years in the independent test set (Cohort I). All signatures meeting the
primary selection criterion were further tested in Cohort Il by comparing risk prediction
using baseline risk factors alone versus in combination with the signature. Using difference
confidence intervals estimated by the Uno method, each signature was evaluated for its
ability, when combined with baseline risk factors, to significantly improve prediction of 3-
year survival relative to baseline factors alone. All statistical analyses were performed in R
(R Foundation for Statistical Computing).

Selection of validated prognostic signatures: All signatures meeting the primary
selection criterion (validation in Cohort I) were referred to as the best validated set(s). The
signatures comprising the best validated set(s) were modified to include clinical information
(age, stage, gender). The best modified signature was identified, and all other modified
signatures were compared to it. The set of best modified signatures were brought forward to
validation in Cohort I1.

There were 249 patients with early stage SC meeting all the requirements to constitute
Cohort | (Table 1). The median age was 70 years, 161 (65%) were male, and most were
former or current smokers. AJCC staging editions 6,32 734 and 83° were examined because
each was in clinical use at some point during the timeline of the tumor collection, signature
design, and conduct of the current study. Most patients (180) survived at least 3 years after
surgery while 69 died within 3 years. Overall median survival was 6.2 years and relatively
similar across sites (eFigure 1).

Three signatures, the BWH 2-gene ratios signature, the PMH 15-gene signature, and the UM
signature each separated Cohort 1 patients into two groups with statistically significant
survival differences as originally designed (Figure 1). Male sex, advanced age, and higher
AJCC T classification and stage were associated with shorter survival in the univariable
model and, therefore, were used as covariates to establish a base model to assess whether the
signatures provided prognostic information independent of known clinical predictors. When
these risk factors were included, only the UM signature significantly enhanced prognosis
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relative to the base model in all staging editions. Table 2 shows the estimates of the c-index
(or concordance statistic) for each signature’s ability, combined with the clinical model
using AJCC 8™ edition criteria, to predict the vital status of a patient at 3 years in Cohort 1.
Similar analyses based on AJCC 6th and 7th edition criteria were also statistically
significant (eTable 1).

Cohort Il consisted of 234 eligible patients for whom sufficient, high-quality RNA was
available that met QC standards. The median age was 68 and 153 (65%) were male (Table
1). The tumor sizes and stages were somewhat larger and more advanced than in Cohort 1.
The statistically significant signatures identified in Cohort I, were evaluated in cohort Il. The
UM signature was the only one to be validated in this dataset (Table 3). Of note, the
predicted low risk group had 3-year survival greater than 80%.

We also examined the UM signature in each of the sub-stages including AJCC 8t edition
IA, IB, 1A and I1B and I11A (see Figures 2—-3) for both cohorts. The UM signature
significantly separates each of the sub-stages based on survival in Cohort | and all substages
IA-C and IIA-B in Cohort II. These results were similarly observed utilizing 6! and 7th
edition criteria (eTable 2).

Two de novo signatures derived from Cohort | data using modified counter-propagation
(MCP) clustering methods, incorporating either all genes represented on the microarrays or
all genes (pooled) constituting the tested models, each significantly stratified OS in Cohort I,
but were not validated in the Cohort 11 dataset.

Discussion

We report herein the assembly of the Lung SC Consortium and one of its first
accomplishments, the validation of the efficacy of a prognostic expression signature for
resected early stage SC. We demonstrated that a 50-gene signature developed by UM group
in 2006 could be used to significantly predict outcome in each of the early stages (and sub-
stages) of SC patients who underwent definitive surgery. This molecular signature was used
as part of a classifier which also includes the age, sex and stage (or T classification) which
should be easily available for each patient after surgery. The distribution of patients between
the risk strata was roughly 1/3 low- and 2/3 high-risk. For patients in stages IA-11A, to
whom ACT is not currently offered, this classifier can be used to support a clinical trial to
determine whether ACT may add value to patients at higher predicted risk of death within 3
years of treatment. For patients with stage 11B SC, this strategy can support a trial to
determine whether a predicted low-risk subgroup can avoid the need for ACT that is
currently a standard of care.

The original publication of the UM signature included the list of 50 prognostic probe sets as
well as significantly enriched gene ontology groups (ref 14; Supplemental Tables 4 and 3;
http://cancerres.aacrjournals.org/content/suppl/2006/08/02/66.15.7466.DC1). The gene
ontology class that showed the strongest membership was GO ID 8544, epidermal
differentiation, representing 17 of the signature genes.
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We were only able to validate one of the multiple signatures proposed, even though all
candidate signatures had been validated locally at time of initial report. Although the PMH
15-gene signature, for example, was developed using multi-institutional and randomized
clinical trial samples, it was created using NSCLC instead of SC samples. This emphasizes
the need for histology-specific prognostic gene signatures in NSCLC, a heterogeneous
cancer. These observations also suggest that there may be inherent biases in some individual
sites’ collections and support the notion that multiple broad, multi-institutional biobanks are
required for development and definitive validation of reliable prognostic biomarkers for
cancer. These findings also support continuous effort in systematic tissue banking, perhaps
by the cooperative group mechanisms. Finally, the findings confirm the need for the rigorous
experimental design and thorough validation recommended by Subramanian and Simon in
their critique of early gene expression signature efforts.1

This study was limited by the need to select cases based on tumor type, specimen quality
and patient parameters as required by the experimental design and gene expression assays,
such that not all patients from the original specimen banking study provided genetic
samples. This could have resulted in a selection bias.

While efforts to move prognostic testing for lung cancer to the clinical arena have faltered
because of challenges in validation and insurance coverage, the technology is improving,
and the need continues to exist. This study not only documents the validation of a clinically
useful existing signature but also shares with the scientific community two valuable datasets
that can be used for evaluation of other locally developed signatures or other research.
Finally, although this work was performed using this rigorous validation study required fresh
frozen tumor specimens and a microarray platform, we believe and expect that it will be
possible to obtain the signature from routine fixed pathological materials in most cases using
alternative analytic platforms more suited to clinical application. Parallel studies of fixed
specimens from these cohorts are underway.

The clinical implications of these findings are particularly important because for the first
time we may have a sufficiently validated and transparent test that can be used to direct ACT
or clinical trials for SC patients. Also, the validation set samples and outcome data were
collected through an NCI funded, CTEP approved process which was independent and
multi-institutional. Given the poor survival of patients found to be at high-risk (40% at 3
years), future clinical trials using this test may be useful for improving survival in SC
patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Validated signatures and Risk Model Performance in Cohort I. Kaplan-Meier plots of overall
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signature, and C-index (95% C.1.) for the multivariable model. A) BWH signature, B) PMH
signature and C) UM signature.
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Figure 2.
UM signature and Risk Model Performance in Cohort I, for all cases and for subgroups by

AJCC 8™ edition Stage (IA1, A2 and IA3 pooled as Stage IA). Kaplan-Meier plots of
overall survival based on UM signature predictions for patients in Cohort I. Insets in each
panel describe univariable and multivariable Hazard Ratios (95% C.1.) for the UM signature,
and C-index (95% C.1.) for the multivariable model. When all cases (n=249) were used, the
multivariable Cox analysis included ‘Risk+Age+Gender+Stage’; Cox models of stage-
specific subgroups included ‘Risk+Age+Gender’. A) All patients, B) AJCC 8™ edition
Stage IA, C) AJCC 8™ edition Stage 1B, D) AJCC 8! edition Stage IIA, E) AJCC 81" edition
Stage 11B and F) AJCC 8t edition Stage IIIA.
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UM signature and Risk Model Performance in Cohort 11, for all cases and for subgroups by
AJCC 8™ edition Stage (IA1, A2 and IA3 pooled as Stage IA). Kaplan-Meier plots of
overall survival based on UM signature predictions for patients in Cohort I1. Insets in each
panel describe univariable and multivariable Hazard Ratios (95% C.1.) for the UM signature,
and C-index (95% C.1.) for the multivariable model. When all cases (n=234) were used, the
multivariable Cox analysis included ‘Risk+Age+Gender+Stage’; Cox models of stage-
specific subgroups included ‘Risk+Age+Gender’. A) All patients, B) AJCC 8™ edition
Stage IA, C) AJCC 8™ edition Stage 1B, D) AJCC 8! edition Stage IIA, E) AJCC 8t edition
Stage 11B and F) AJCC 8t edition Stage IIIA.
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Cohort characteristics

Table 1:

Cohort I (n = 249)

Cohort Il (n = 234)

Age, years

mean + SD

69.4+8.7

68.5+8.5

median (min, max)

70 (43.0, 92.0)

68.0 (46.0, 89.0)

Gender, n (%)

female 88 (35.3) 82 (35.0)
male 161 (64.7) 152 (65.0)
Smoking history, n (%)
never 4 (1.6) 4(1.7)
former 165 (66.3) 182 (77.8)
current 67 (26.9) 48 (20.5)
unknown 13(5.2)
Node status, n (%)
NO 218 (87.6) 172 (73.5)
N1 29 (11.6) 50 (21.4)
missing 3(1.2) 12 (5.1)
Tumor size, cm
mean + SD 3.67+2.01 4.25+2.04
median (min, max) 3.0 (0.5, 14.0) 4.00 (1.0, 11.8)
Vital status at 3 years, n (%)
alive 174 (69.9) 118 (50.4)
dead 75 (30.1) 116 (49.6)
T classification (AJCC 6t ed.), n (%)
T1 113 (45.4) 66 (28.2)
T2 130 (52.0) 157 (67.1)
T3 4(1.6) 10 (4.3)
T4 2(0.8) 1(0.4)
Stage (AJCC 6 ed.), n (%)
IA 107 (43.0) 55 (23.5)
IB 109 (43.6) 118 (50.4)
1A 6 (2.4) 11 (4.7)
1B 24 (9.6) 49 (20.9)
A 1(0.4) 0
e 2(0.8) 1(0.4)
T classification (AJCC 7t ed.), n (%)
Tla 45 (18) 24 (10.3)
Tib 68 (27.3) 42 (19.9)
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Cohort I (n=249) | Cohort Il (n=234)

T2a 83 (33.2) 92 (39.3)
T2b 34 (13.6) 46 (19.7)
T3 19 (7.6) 30 (12.8)

Stage (AJCC 7 ed.), n (%)
IA 107 (43.0) 55 (23.5)
IB 68 (27.2) 72 (30.8)
1A 50 (20.0) 64 (27.4)
1B 22(8.8) 37 (15.8)
A 2(0.8) 6 (2.6)

T classification (AJCC 8t ed.), n (%)
Tla 4(1.6) 1(0.4)
Tib 41 (16.4) 23(9.8)
Tic 68 (27.3) 42 (17.9)
T2a 52 (20.8) 51 (21.8)
T2b 31 (12.4) 41 (17.5)
T3 39 (15.6) 56 (23.9)
T4 14 (5.6) 20 (8.5)

Stage (AJCC 8 ed.), n (%)
1A1 4(1.6) 1(0.4)
I1A2 39 (15.6) 22 (9.4)
IA3 64 (25.7) 32(13.7)
IB 44 (17.6) 40 (17.1)
1A 24 (9.6) 32(13.7)
1B 54 (21.6) 74 (31.6)
A 20 (8.0) 33 (14.1)
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Table 2:

Risk of death at 3 years based on signatures and risk factors in Cohort |

Cohort I, N=249

C-index (95% CI) of each model

Risk factors include: Age + Gender + T_classification (AJCC 8t ed.)

Signature

Signature alone (A)

Risk factors alone (B)

Signature + Risk factors (C)

C vs B diff (95% CI)

BWH

0.598 (0.534, 0.661)

0.653 (0.581, 0.724)

0.671 (0.606, 0.736)

0.018 (~0.024, 0.060)

PMH

0.561 (0.484, 0.638)

0.653 (0.583, 0.723)

0.658 (0.591, 0.726)

0.0058 (-0.023, 0.034)

UMl

0.671 (0.617, 0.724)

0.658 (0.587, 0.729)

0.744 (0.684, 0.804)

0.091 (0.028, 0.154)

Risk f

actors include: Age + Gender + stage (AJCC 8th ed.)

Signature

Signature alone (A)

Risk factors alone (B)

Signature + Risk factors (C)

C vs B diff (95% CI)

BWH

0.598 (0.534, 0.661)

0.654 (0.586, 0.721)

0.672 (0.609, 0.735)

0.019 (-0.021, 0.058)

PMH

0.561 (0.484, 0.638)

0.654 (0.589, 0.718)

0.661 (0.595, 0.726)

0.0072 (-0.020, 0.034)

UMI

0.671 (0.617, 0.724)

0.654 (0.587, 0.720)

0.744 (0.686, 0.802)

0.090 (0.028, 0.153)
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Table 3:

Risk of death at 3 years based on signatures and risk factors in Cohort 11

Cohort I, N=234

C-index (95% CI) of each model

Risk factors include: Age + Gender + T_classification (AJCC 8t ed.)

Signature

Signature alone (A)

Risk factors alone (B)

Signature + Risk factors (C)

C vs B diff (95% CI)

BWH

0.561 (0.489, 0.632)

0.561 (0.470, 0.652)

0.590 (0.517, 0.663)

0.029 (~0.047, 0.104)

PMH

0.510 (0.441, 0.579)

0.561 (0.474, 0.649)

0.561 (0.470, 0.653)

0.00013 (-0.017, 0.017)

UMl

0.649 (0.594, 0.703)

0.561 (0.470, 0.652)

0.683 (0.610, 0.756)

0.122 (0.048, 0.196)

Risk factors include: Age + Ge

nder + stage (AJCC 8th ed.)

Signature

Signature alone (A)

Risk factors alone (B)

Signature + Risk factors (C)

C vs B diff (95% CI)

BWH

0.561 (0.489, 0.632)

0.561 (0.465, 0.657)

0.584 (0.505, 0.664)

0.023 (-0.119, 0.119)

PMH

0510 (0.441, 0.579)

0.561 (0.468, 0.654)

0.562 (0.468, 0.656)

0.00061(—0.019, 0.020)

UMI

0.649 (0.594, 0.703)

0.561 (0.468, 0.654)

0.683 (0.611, 0.755)

0.122 (0.044, 0.201)
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