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Purpose: Clinicopathologic (CP) factors are used to estimate 10-year ipsilateral breast recurrence (IBR) risk and inform shared
decision making regarding postoperative radiation therapy (RT) for ductal carcinoma in situ (DCIS) patients. This study
assesses the clinical value of the 7-gene biosignature (DCISionRT) compared to traditional CP definitions for predicting IBR
rates and RT benefit.

Methods and Materials: DCIS patients (n = 926) treated with breast conserving surgery (BCS) = RT were categorized as CP
low-risk or high-risk based on established CP factors, study criteria, and nomograms. Women were classified as molecular
Low Risk or High Risk by the biosignature. Ten-year IBR rates for CP risk groups were compared with and stratified by the
biosignature.

Results: There were 37% of women classified as molecular Low Risk by the biosignature, an average of 47% were classified as
low-risk by various CP definitions (range, 35% to 60%). Overall, CP low-risk groups had a mean absolute IBR benefit with RT
of 6% (hazard ratio, 0.46; P < .001). The biosignature reclassified 53% of CP low-risk patients to molecular High rRisk. These
reclassified patients experienced higher IBR rates when RT was omitted and benefited from RT (hazard ratio, 0.30; P < .001)
with an absolute reduction of 11.6% (17.7% vs 6.1%). CP low-risk patients with concordant biosignature Low Risk demon-
strated no significant RT benefit. On average, 28% of high-risk CP patients were reclassified as biosignature Low Risk and had
no significant RT benefit (5.9% vs 4.0%).

Conclusions: This observational study supports optimizing de-escalation/escalation treatment strategies for DCIS, the 7-gene
biosignature reliably discriminating a LowRisk group without significant RT benefit compared with CP factors alone and a
High Risk group that benefited from RT, facilitating improved shared decision making. A randomized clinical trial (NRG CC-
016) will provide level 1A evidence for the impact of RT treatment on IBR rates for patients in the 7-gene biosignature Low
Risk group, including those with CP high risk. © 2025 The Authors. Published by Elsevier Inc. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

Ductal carcinoma in situ (DCIS) represents a significant
percentage of new breast cancer diagnoses in the United
States, ~60,000 new cases per year." DCIS lesions can range
from slow growing to nearly invasive tumors. Most patients
with DCIS choose breast conserving therapy or mastectomy.
Overall, DCIS outcomes are excellent with breast conserving
therapy, with current 10-year ipsilateral breast recurrence
(IBR) rates less than 10%," and very low long-term breast
cancer mortality rates of 3%.” However, these excellent out-
comes create concerns for overtreatment and suggest a need
for safe deintensification approaches.

Postoperative radiation therapy (RT) is a mainstay in the
management of DCIS for patients undergoing breast conserv-
ing surgery (BCS), with studies consistently demonstrating a
50% relative reduction in IBR rates independent of

clinicopathologic (CP) factors, with no survival advantage
noted.” Given the lack of survival benefit, studies have evalu-
ated omission of RT following BCS to de-intensify therapy.
The Eastern Cooperative Oncology Group (ECOG) 5194 trial
evaluated the omission of RT following BCS for grades 1-2 and
3 cohorts, respectively. Although initial outcomes were promis-
ing, long-term follow-up demonstrated substantially elevated
rates of IBR with approximately 15% of grade 1-2 and 25% of
grade 3 patients developing an IBR at 12 years, and no plateau
in recurrences was noted.” Similar results were seen in other
studies, including the Radiation Therapy Oncology Group
(RTOG) 9804 trial, which randomized patients with favorable
CP features to receive RT or not following BCS and found ele-
vated rates of recurrence at 15 years with the omission of RT
(15% vs 7%).° However, currently, RTOG 9804 criteria are
recommended in the National Comprehensive Cancer Net-
work (NCCN) guidelines to identify low-risk.”


http://creativecommons.org/licenses/by-nc-nd/4.0/

Volume 00 ® Number 00 ® 2025

Limitations of clinicopathology 3

Taken together, the results of these studies demonstrate
that CP criteria alone are unable to reliably identify a low-
risk cohort of patients with DCIS that do not benefit from
RT following BCS. Beyond CP criteria, nomograms have
been developed, including the Memorial Sloan Kettering
Cancer Center (MSKCC) nomogram for DCIS and the Van
Nuys Prognostic Index (VNPI). While studies demonstrate
these nomograms may be prognostic with respect to IBR,
there is a lack of consistent external validation evidience,
and they are not predictive of RT benefit.* "

Previous studies have identified molecular biomarkers
that are prognostic for IBR, but not predictive for RT bene-
fit. A 12-gene assay, the Oncotype DX DCIS Score provides
an estimated risk of 10-year total and invasive IBR but does
not predict the benefit of RT.'* In a Canadian population-
based data set, the relative IBR reduction with RT in patients
treated in the most recent time period was 50%, in both low-
risk and high-risk Oncotype groups, which is similar to the
relative RT benefit seen in trials using CP criteria.”” In con-
trast, the 7-gene biosignature (DCISionRT) combines the
protein expression for 7 genes with 4 CP factors to provide
10-year IBR risk and predicts RT benefit."”'? It has been
clinically validated in multiple studies, including the ran-
domized SweDCIS trial, confirming it is prognostic for IBR
risk (invasive and noninvasive), while also predicting RT
benefit. Studies have demonstrated that biosignature Low
Risk patients did not significantly benefit from RT, whereas
biosignature High Risk patients did benefit."”'” The bio-
signature has been analytically validated and demonstrated
to have significant clinical utility in a large, prospective,
multicenter study.'®***'

Despite the failure of CP factors/nomograms to identify a
low-risk CP group that does not significantly benefit from
RT, clinicians commonly use CP factors alone to inform
shared decision-making regarding postoperative RT, despite
their failure to predict RT benefit in addition to multiple
known confounding factors.”>”’ Inconsistency in the assess-
ment of risk and treatment benefit based on CP factors gen-
erates significant regional/institutional heterogeneity in
treatment.”>*” Further complicating decision making, RT
treatment can vary with intent to treat with endocrine ther-
apy (ET) and women receiving ET may be 30% less likely to
receive postoperative RT.*

Previously, it was reported that the 7-gene biosignature
provided additional information beyond CP factors in mul-
tivariable analysis (MVA) and that the biosignature reclassi-
fied patients based on clinicopathology factors and criteria,
but a full analysis of the interactions between clinicopathol-
ogy criteria and the biosignature was beyond the scope of
the prior publications.'”

In this new analysis of the same cohorts, the 10-year IBR
rates with and without RT for patients with low-risk and
high-risk CP based on combinations of individual CP fac-
tors, CP criteria used in key trials (ECOG 5194 and RTOG
9804), and the Van Nuys Prognostic Index (VNPI) and
Memorial Sloan Kettering Cancer Center (MSKCC) nomo-
grams were evaluated to illustrate the challenges of using

these techniques as part of shared decision making to ade-
quately inform patients with DCIS. To understand the
impact of the biosignature as compared with CP-based risk
assessment, the rates of IBR and the impact of RT when
these CP cohorts were re-stratified by the 7-gene biosigna-
ture risk groups as concordant or discordant were assessed.

Methods and Materials

The 7-gene biosignature was previously validated to be both
prognostic of the IBR rate after BCS without RT and predic-
tive of the benefit from BCS plus or minus RT.">'®"
Recently, a novel molecular residual risk subtype (RRt) was
also validated to identify DCIS patients with a high-risk of
IBR after BCS and RT in a multisite cohort.'”” However,
these prior validation studies did not include a detailed
comparison between the biosignature and common clinico-
pathology-based risk assessments. Here, we directly com-
pare risk assessment based on common clinicopathologic
criteria and the 7-gene biosignature in the same evaluable
patient population that was previously reported,'” which is
comprised of the 2 cross-validation cohorts from Uppsala
University Hospital and Vastmanland County Hospital
Sweden (UUH) and University of Massachusetts Worcester
(UMASS) and 2 independent external validation cohorts,
Kaiser Permanente Northwest (KPNW) and The Royal Mel-
bourne Hospital and Royal Women’s Hospital, Parkville,
Australia (RMH) and separately in the subset of indepen-
dent external validation cohorts.

This multi-institutional study consisted of 926 patients as
previously reported; this present study represents new anal-
yses from this data set beyond the scope of prior publica-
tions."” IBR was defined as either a subsequent ipsilateral
DCIS or an invasive recurrence, excluding metastatic events.
We used the first qualifying IBR at least 6 months after the
primary DCIS diagnosis as the study outcome. The 7-gene
biosignature (PreludeDx, Laguna Hills, CA) integrates the
protein expression for 7 genes (COX-2, FOXA1, HER?2, Ki-
67, p16/INK4A, PR, and SIAH2) and 4 CP factors (age at
diagnosis, tumor size, palpability, and surgical margin sta-
tus), using a nonlinear algorithm'” (Fig. E1).

The Residual Risk subtype (RRt) is a second nonlinear
algorithm within the 7-gene biosignature. The RRt com-
bines a subset of the same molecular biomarkers but does
not include CP factors. The RRt identifies patients with
HER2/KRAS pathway-driven tumors who have a high IBR
rate after BCS and an elevated IBR rate after BCS plus RT.
The test reports a continuous risk score (decision score
[DS]) and the RRt, validated to be associated with the risk
of local recurrence after BCS and the expected reduction in
the recurrence risk with postoperative RT."” "

Biosignature testing was conducted on archived tissue
samples as previously reported.’” In this analysis, women
were classified as DS Low Risk (DS < 2.8, no RRt) or DS
High Risk (DS > 2.8, with or without RRt). Validation of
the 7-gene biosignature in the SweDCIS randomized clinical
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Table 1  Definition of CP low-risk and high-risk groups

CP-based risk
assessment

CP high-risk
group definition

CP low-risk
group definition

Score definition

RTOG 9804-like' Grade 3, or size >2.5 cm, or

palpable, or clinically detected

ECOG 5194-like Grade 3 or size >2.5 cm

VNPI-like*’ Score >7

MSKCC DCIS

nomogram-like

Score >220
4

Age and grade Age <50 or grade 3

Grade 1 or 2, and size <2.5 cm, NA
and nonpalpable, and screen
detected, and negative margin*

Grade 1 or 2, and size <2.5 cm, NA
and negative margin*

Score <7

Score <220

Grade (1 or 2) and age >50 NA

Weighted size, nuclear grade, necrosis,
age, and margins (VNPI 2003);
however, negative margin status defined
as no ink-on-tumor.

Weighted hormone therapy, nuclear
grade, necrosis, screening detection,
necrosis, age, family history, and
margins; however, number of excisions
not used, and negative margin status
was defined as no ink-on-tumor. RT
was not included as a factor.

negative margine defined as ‘no ink on tumor’.

Abbreviations: CP = clinicopathologic; DCIS = ductal carcinoma in situ; RTOG = Radiation Therapy Oncology Group; ECOG = Eastern Cooperative
Oncology Group; MSKCC = Memorial Sloan Kettering Cancer Center; RT = radiation therapy; VNPI = Van Nuys Prognostic Index; NA = not applicable.

trial cohort previously defined the optimal threshold of
DS=2.8 to stratify a DS low risk (DS < 2.8) group, who had
minimal to no benefit from RT, from the remaining patient
group (DS > 2.8), who had a significant reduction from
RT.17’18

CP factors were combined using age, grade, size, and
margin status as well as criteria based on VNPI, MSKCC
DCIS nomogram, ECOG 5194, or RTOG 9804 studies
(Table 1)."* For these analyses, the predefined RTOG 9804
and ECOG 5194 criteria for low-risk DCIS were used, except
for margin status, which defined a negative margin as “no
ink on tumor” for the present study.

Published criteria were used to define MSKCC-like low-
risk patients (score < 220 corresponding to a predicted 10-
year IBR rate of 10%),” with the caveat that margin status
was only negative vs. positive (based on ’ink on tumor’) and
that our calculation did not include 3 or more repeat surger-
ies as a risk factor (Table 1). Prior studies have indicated
that patients requiring 3 or more excisions are expected to
have low incidence.”” Some subjects in our cohort had miss-
ing data on family history. Similarly, published criteria were
used to define VNPI-like low-risk (score < 7) but margin
status was only assessed as no ink on tumor’*® (Table 1).
Use of postoperative endocrine therapy was also recorded if
prescribed.

Risk analyses

Patients meeting low-risk CP criteria were classified as “low-
risk”; otherwise, they were classified as “high-risk” for each

CP group (Table 1). The different CP low-risk and high-risk
groups were further stratified into dichotomous DS Low
Risk and DS HighRisk groups by the 7-gene biosignature.
Biosignature risk group distributions were determined
within patients meeting the various low-risk and high-risk
CP criteria. Kaplan—Meier survival analysis was used to cal-
culate the IBR rates for patients treated with and without
postoperative RT and assessed using the log-rank test to
determine whether the curves were distinct. Cox propor-
tional hazards analysis was used to calculate the hazard
ratios (HRs) corresponding to postoperative RT.
Univariable and multivariable Cox proportional hazards
analyses were also used to assess whether CP-based risk
assessments were associated with IBR rates after accounting
for biosignature results and treatment, including continuous
nomogram scores. Hazard ratios for CP risk assessment
were assessed by meta-analysis of the various risk groups
(Table 1) and a pooled analysis of individuals belonging to
any of the risk groups was used to calculate pooled survival
statistics. The study was conducted in accordance with rec-
ognized ethical guidelines and principles from the Declara-
tion of Helsinki for medical research involving human
subjects. The study was approved by ethics committees and
institutional review boards for for Uppsala University Hos-
pital and Vastmanland County Hospital, Sweden (UUH),
University of Massachusetts Worcester (UMASS)'"” and 2
independent validation sites, Kaiser Permanente Northwest
(KPNW) and The Royal Melbourne Hospital and Royal
Women’s  Hospital, Parkville, Victoria  Australia
(RMH).">'"* Biostatistical analyses were independently
completed by McCloud Consulting Group, Australia.
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Table 2  10-year IBR rates and RT difference for low-risk CP patient groups compared with the DS low-risk patient group for
the evaluable cohort
10-y IBR rates Absolute RT difference Relative RT difference
n no RT Abs diff HR p
CP “low-risk” criteria (%) (95% CI) (95% CI) (95% CI) P-log rank 95%CI Wald
RTOG 9804-like 473 12.1% 6.2% 5.9% .034 0.47 .039
low-risk (51%) (7.2%, 19.9%) (3.8%, 10.1%)  (1.0%, 12.8%) (0.23, 0.96)
MSKCC-like 320 8.3% 4.7% 3.6% 12 0.45 13
<220 (35%) (4.0%, 16.8%) (2.3%, 9.4%) (3.3%, 10.4%) (0.16, 1.26)
VNPI-like 359 12.4% 4.5% 7.9% .013 0.36 .018
<7 (39%) (7.4%, 20.6%) (2.2%, 8.8%) (0.9%, 15.1%) (0.15, 0.84)
Age >50 and 453 13.3% 6.8% 6.5% .034 0.48 .034
Grade 1 or 2 (49%) (8.2%, 21.3%) (4.2%, 11.1%)  (0.7%, 13.7%) (0.24,0.94)
ECOG 5194-like 553 13.1% 6.6% 6.5% .022 0.49 .025
grade 1 or 2 (60%) (8.4%, 20.0%) (4.3%, 10.2%)  (0.1%, 12.8%) (0.26,0.91)
Mean 47% 11.8% 5.8% 6.0% NA 0.46* <.001*
[min, max] [35%, 60%] (8.3%, 13.3%] [4.7%, 6.8%)] [3.6%, 7.9%] (0.33,0.64)
Pooled analysis 682 13.8% 5.9% 7.9% .001 0.39 .002
Any low-risk CP' (74%) (9.3%, 20.4%) (3.9%, 9.0%) (2.0%, 13.9%) (0.2,0.7)
DCISionRT 338 5.6% 4.8% 0.8% 71 0.80 71
Low risk (37%) (2.0%, 12.0%) (2.5%, 9.1%) (4.6%, 6.2%) (0.5, 1.5)

Abbreviations: CP = clinicopathologic; DCISionRT = Ductal Carcinoma in Situ (DCIS) decision radiation therapy; HR = hazard ratio; RTOG = Radia-
tion Therapy Oncology Group; MSKCC = Memorial Sloan Kettering Cancer Center; ECOG = Eastern Cooperative Oncology Group; RT = radiation ther-
apy; VNPI = Van Nuys Prognostic Index; NA = not applicable.

Bold values are the summary statistics of the 7-gene biosignature DCISionRT.

" Mean HR (95% CI) and P value were calculated using meta-analysis.
T Analysis of the pooled subset of subjects that satisfy any of the 5 CP high-risk criteria.

Results

The performance of the 7-gene biosignature was compared
with common clinicopathologic (CP) risk criteria in the
evaluable study population, which comprised patients diag-
nosed with DCIS from 4 cohorts (2 cross-validation cohorts
UUH, UMASS and 2 independent external validation
cohorts KPNW, RMH). Overall, 69% of the evaluable study
population received postoperative RT and 34% were pre-
scribed postoperative ET; 73% of patients who were pre-
scribed ET also received RT. Mean follow-up for the
evaluable study population was 8.8 years (median, 8.5 years;
first to third quartile, 5.8-10.2 years), with a total of 92 ipsi-
lateral breast events recorded overall.

Opverall, about half of patients (mean 47%) in the evalu-
able population were classified as low-risk by the various
CP-based criteria listed in Table 1 (range, 35%-60%;
Table E1). The distribution of these low-risk and high-risk
CP profiles did not differ significantly between the 2 cross-
validation UUH/UMASS and the 2 independent external
validation cohorts KPNW/RMH (Table E1). The individual
CP factors and treatment characteristics were also summa-
rized by CP risk profiles and 7-gene biosignature risk groups
(Tables E2 and E3).

The distribution of the individual CP factors varied between
the CP risk groups defined by different criteria. Generally,
younger patients or those with high grade or larger tumors
were often classified as having high-risk CP. However, in some
instances, criteria like the VNPI or the MSKCC nomogram
classified these same patients as having low-risk CP.

Compatrison of risk assessments by
clinicopathology and 7-gene biosignature

Both patients with low-risk and high-risk CP profiles
benefitted significantly from adjuvant RT when assessed
independently of 7-gene biosignature test results (Tables 2
and 3). Patients with high-risk CP profiles had approxi-
mately 2 times greater IBR rates than those with low-risk
CP profiles after treatment with BCS without RT (mean 10-
year IBR rates 11.8% vs 22.5%). As expected, those patients
with high-risk CP profiles benefited from RT (HR 0.28; P <
.001) with corresponding mean 10-year IBR of 22.5% after
BCS without RT and 7.7% with RT (Table 3). However,
patients with low-risk CP profiles also benefited from RT
(HR 0.46; P < .001) with a corresponding mean 10-year IBR
of 11.8% after BCS without RT and 5.8% after BCS with RT
(Table 2). Similar results were observed for the KPNW/
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Table 3 10-year IBR rates and RT benefit for different high-risk CP patient groups compared with the DCISionRT high-risk
patient group for the evaluable cohort
10-y IBR rates Absolute RT difference Relative RT difference
N no RT RT Abs diff HR
CP “high-risk” criteria (%) (95% CI) (95% CI) (95% CI) P-logrank  (95%CI) PWald
RTOG 9804-like 453 23.6% 7.60% 16.0% <.001 0.27 <.001
high-risk (49%) (16.4%, 33.2%)  (4.9%, 11.8%)  (7.0%, 24.9%) (0.15, 0.49)
MSKCC-like 606 21.1% 8.0% 13.1% <.001 0.34 <.001
>220 (65%) (15.4%, 28.6%)  (5.5%, 11.6%)  (5.9%, 20.3%) (0.20, 0.55)
VNPI-like 567 22.6% 8.1% 14.5% <.001 0.30 <.001
>7 (61%) (15.8%,31.9%) (5.6%, 11.8%)  (6.0%, 23.0%) (0.17,0.51)
Age <50 or 473 22.6% 6.9% 15.7% <.001 0.26 <.001
Grade 3 (51%) (15.5%, 32.2%)  (4.5%, 10.7%)  (6.8%, 24.5%) (0.14, 0.47)
Not ECOG 5194-like (grade 3 or 373 25.9% 7.4% 18.5% <.001 0.22 <.001
size >2.5 and grade 1 or 2) (40%) (17.4%, 37.6%)  (4.5%, 12.0%)  (7.9%, 29.2%) (0.11, 0.41)
Mean 494 22.5% 7.7% 15.6% NA 0.28* <.001*
[min, max] (53%) [21.1%, 25.9%] [6.9%,8.1%] [13.1%, 18.5%] (0.22, 0.37)
Pooled analysis 817 18.0% 7.3% 10.7% <.001 0.36 <.001
Any high-risk CP' (88%) (13.2%,24.4%) (5.2%, 10.2%)  (4.7%, 16.8%) (0.22,0.57)
DCISionRT 588 25.7% 8.0% 17.7% <.001 0.25 <.001
High risk (63%) (19.0%, 34.0%) (6.0%, 12.0%) (9.4%, 26.0%) (0.15, 0.42)
Abbreviations: CP = clinicopathologic; DCISionRT = Ductal Carcinoma in Situ (DCIS) decision radiation therapy; HR = hazard ratio; RTOG = Radia-
tion Therapy Oncology Group; MSKCC = Memorial Sloan Kettering Cancer Center; ECOG = Eastern Cooperative Oncology Group; RT = radiation ther-
apy; VNPI = Van Nuys Prognostic Index; NA = not applicable.
Bold values are the summary statistics of the 7-gene biosignature DCISionRT.
" Mean HR (95% CI) and P values were calculated using meta-analysis.
T Analysis of pooled subset of subjects that satisfy any of the five CP high-risk criteria.

RMH independent external validation cohorts (Tables E4
and E5).

Patients with discordant risk profiles

Overall, the majority (mean: 56%) of patients for each of the
low-risk CP profiles were reclassified as DS High Risk
(range: 51% to 63%) in the evaluable population (Fig. 1A;
Table E6). For each of the low-risk CP criteria, those
patients reclassified as DS High Risk had significantly
reduced IBR rates with RT (vs without RT) with HRs vary-
ing from 0.23 (P = .005) to 0.35 (P = .012), where the mean
HR was 0.30 (P < .001). For example, 51% of patients who
met RTOG 9804-like criteria were reclassified as DS High
Risk and benefited from RT (HR 0.30; P = .007), with corre-
sponding 10-year IBR rates of 19.5% without RT and 6.8%
with RT. Overall, patients who met any of these 5 low-risk
CP criteria and were reclassified to DS High Risk had a
mean 10-year IBR rate of 21.4% without RT and 6.4% with
RT. Similar results were observed for the KPNW/RMH
independent external validation cohorts subset (Fig. 1B;

Table E7), where overall, the majority (mean 54%) of
patients with low-risk CP were reclassified as DS High Risk
and their IBR rate was significantly reduced by RT with a
mean HR of 0.32 (P < .001).

Of those patients who had high-risk CP profiles, a mean
of 28% were reclassified as DS Low Risk (range: 22% to
33%) in the evaluable population (Fig. 2A; Table E8). For
those patients reclassified as DS Low Risk, IBR rates did not
differ significantly with RT versus without RT for any of the
high-risk CP criteria (P values ranged from .26 to .70). For
example, 23% of patients who had a high-risk RTOG 9804-
like profile were reclassified as DS Low Risk and did not
have a significant reduction in IBR from RT (P = .52), where
the corresponding 10-year IBR rates were 5.9% without RT
and 3.0% with RT. Overall, patients who met any of these
high-risk criteria and were reclassified to DS Low Risk had a
mean 10-year IBR of 5.0% without RT and 5.2% with RT.
Similar results were observed for the KPNW/RMH indepen-
dent external validation cohorts subset (Fig. 2B; Table E9),
where overall a mean of 33% of patients with high-risk CP
were reclassified as DS Low Risk and their IBR rate was not
significantly reduced by RT (P = .33).
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A. Evaluable population B. KPNW/RMH cohorts
Low-risk CP patients reclassified to DS High Risk Low-risk CP patients reclassified to DS High Risk
RT+BCS: BCS RT+BCS: BCS
Low-risk CP criteria % n/n p-value % n/n ; p-value
RTOG 9804-like (low-risk) 51% 241/473 —e— .007 50% 155/309 —e— .022
MSKCC-like (<220) 63% 202/320 i .020 64% 123/193 ——@——1 .017
VNPI-like (<7) 57% 206/359 —— .005 57% 123/217 16
Age>50 and Grade 1or 2 58% 263/453 —e—i 012 56% 171/303 g 072
ECOG 5194-like (low-risk) 54% 297/553 —e—i .004 51% 179/350 g a2
Overall 56% 242/432 A <.001 54% 150/274 —A— <.001
.0'16 .oés .2'5 1 4' .0'16 .oés .2; 1 4'
BCS + RT better BCS + RT worse BCS + RT better BCS + RT worse
Hazard Ratio Hazard Ratio

Fig. 1. Forest plot of RT benefit in patients with low-risk CP who were reclassified as 7-gene biosignature High Risk. Low-
risk clinicopathology definitions are provided in Table 1. Univariable analyses for each of the 5 low-risk clinicopathology
groups are summarized for the evaluable population (A) and for the independent external validation cohorts (B). The percent-
age of patients with low-risk CP who were reclassified as DS HighRisk and the corresponding numbers of patients in each low-
risk clinicopathology group are indicated along with the P-value for the HR. The overall results for the 5 low-risk groups reclas-
sified to DS High Risk are summarized by meta-analysis. Abbreviations: BCS = breast conserving surgery;
CP = clinicopathologic; DS = decision score; HR = hazard ratio, RTOG = Radiation Therapy Oncology Group;
MSKCC = Memorial Sloan Kettering Cancer Center; ECOG = Eastern Cooperative Oncology Group; RT = radiation therapy;
VNPI = Van Nuys Prognostic Index.

Patients with concordant risk assessments by in IBR rates by receipt of RT for patients with concordant
CP-based assessment and 7-gene biosignature low-risk CP profiles. Likewise, a mean of 72% of patients

(range: 67% to 78%) with high-risk CP profiles had concor-
On average, 44% of patients (range: 37% to 49%) with low- dant High Risk 7-gene biosignature and significantly
risk CP profiles had concordant Low-Risk 7-gene biosigna- benefited from RT (HR, 0.26; P < .001; Table E11). Similar

ture results (Table E10). There was no significant difference

A. Evaluable population B. KPNW/RMH cohorts
High-risk CP patients reclassified to DS Low Risk High-risk CP patients reclassified to DS Low Risk
RT+BCS: BCS RT+BCS: BCS
High-risk CP criteria % n/n p-value % n/n | p-value
RTOG 9804-like high-risk) 23% 106/453 52 27%  76/284 N Events 99
MSKCC-like (=220) 36% 220/606 44 40% 160/400 53
VNPI-like (=7) 33% 185/567 ® .62 36% 136/376 .58
Age <50 or Grade 3 31% 148/473 ° 70 34% 98/290 ° .60
ECOG 5194-like (G3 or size >2.5) 22% 82/373 ® .26 24% 59/243 NQ Events 99
Overall 28% 148/494 a5 33% 105/319 33
016 .063 .25 1 4 .016 .063 .25 1 4
BCS + RT better BCS + RT worse BCS + RT better BCS + RT worse
Hazard Ratio Hazard Ratio

Fig. 2. Forest plot of RT effect in patients with high-risk CP who were reclassified as 7-gene biosignature Low Risk. High-
risk clinicopathology definitions are provided in Table 1. Univariable analyses for each of the 5 high-risk clinicopathology
groups are summarized for the evaluable population (A) and for the independent external validation cohorts (B). The percent-
age of patients with high-risk CP who were reclassified as DS Low Risk and the corresponding numbers of patients in each
high-risk clinicopathology group are indicated along with the P-value for the HR. The overall results for the 5 high-risk groups
reclassified to DS Low Risk are summarized by meta-analysis. Abbreviations: BCS = breast conserving surgery;
CP = clinicopathologic; DS = decision score; HR = hazard ratio, RTOG = Radiation Therapy Oncology Group;
MSKCC = Memorial Sloan Kettering Cancer Center; ECOG = Eastern Cooperative Oncology Group; RT = radiation therapy;
VNPI = Van Nuys Prognostic Index.
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A. Effect of CP Criteria B. Effect of RT

CP criteria RT+BCS: BCS
CP criteria n/n p-value p-value
RTOG 9804-like (high vs low) 106/338 —t———— 72 —_—e——— 72
MSKCC-like (per 100 unit) Cont./338 —T—e—— .29 _ 63
VNPI-like (per 1 unit) Cont./338 . s 92 I ] 74
Age>50 and Grade 1 or 2 (no vs yes) 148/338 ——e——— 42 — e ——i 76
ECOG 5194-like (no vs yes) 82/338 ° 69 — e ——i 72
o.és o.:': 1 2I 4I 0.55 o.:': 1 2I 4I
Better outcome Worse outcome Better outcome Worse outcome

Hazard Ratio Hazard Ratio

Fig. 3. Forest plot of effect of CP risk criteria on IBR in patients classified as 7-gene biosignature Low Risk. Among patients
classified as DS Low Risk, forest plots representing hazard ratios of the effect of CP risk criteria and RT on IBR risk are pre-
sented in (A) and (B), respectively. Clinicopathology risk criteria definitions are provided in Table 1. Multivariable analyses for
each of the 5 clinicopathology risk criteria are summarized for the patients with a DS Low Risk in the evaluable population.
The percentage of patients with high-risk CP in the DS Low Risk group and the corresponding numbers of patients are indi-
cated along with the P-value for the HR. The multivariable analysis was performed using the continuous score for MSKCC-
like and VNPI-like CP criteria. Abbreviations: BCS = breast conserving surgery; CP = clinicopathologic; DS = decision score;
HR = hazard ratio; RTOG = Radiation Therapy Oncology Group; MSKCC = Memorial Sloan Kettering Cancer Center; ECOG

= Eastern Cooperative Oncology Group; RT = radiation therapy; VNPI = Van Nuys Prognostic Index.

results were observed for the KPNW/RMH independent
external validation subset (Tables E12 and E13).

Analyses of individual CP risk factors

When assessing individual low-risk CP factors, either age
>70, size <1.5 cm, or grade 1 or 2, a mean of 64% (range:
55% to 78%) of patients were re-classified as DS High Risk.
Importantly, for each individual low-risk CP factor, the sub-
set of patients reclassified as DS High Risk significantly
benefited from RT (HR 0.24; P < .001) with corresponding
mean 10-year IBR rates of 21% without RT versus 5.4%
with RT (Table E14). We also noted that when assessing
individual high-risk CP factors, either age <50, or size
>2.5 cm, or grade 3, a mean of 47% of patients (range; 22%
to 42%) were reclassified to DS Low Risk, and these reclassi-
fied patients did not benefit from RT (Table E14).

Multivariable analyses of CP criteria and 7-gene
biosignature

When assessed independently of the 7-gene biosignature
test results (Table 2), patients with high-risk CP profiles had
approximately 2 times greater IBR rates than those with
low-risk CP profiles after treatment with BCS without RT.
After incorporating 7-gene biosignature test results, none of
the CP criteria were significantly associated with IBR rate in
multivariable analysis (MVA) (Table E15). However, the
continuous 7-gene biosignature DS was associated with IBR.
Similar results were observed for the KPNW/RMH indepen-
dent external validation subset Table E15.

From another perspective, neither CP criteria nor RT
were significantly associated with IBR on MVA for patients
in DS Low Risk group (Fig. 3). Furthermore, for DS Low-
Risk patients, none of the individual CP factors were associ-
ated with IBR on MVA Table E16. Thus, patients classified
into the 7-gene biosignature Low Risk group did not have a
significantly increased or decreased IBR rate because of indi-
vidual CP factors or CP criteria.

Residual risk subtype and risk remaining after
treatment with RT

In the evaluable patient population, the biosignature also
identified that 20% of patients had elevated risk remaining
after treatment with BCS plus RT. These patients had the
Residual Risk subtype (RRt) and were classified into the
Residual Risk group. Accounting for the Residual Risk sub-
type, the biosignature stratified patients with "low-risk’ and
"high-risk® CP profiles into 3 risk groups, with different DS
Low Risk, DS Elevated Risk, and Residual Risk group distri-
butions within the CP risk groups (Fig. E2).

Of note, between 5% and 20% of patients with low-risk
CP profiles and between 20% and over 40% of patients with
high-risk CP profiles had the Residual Risk subtype. Patients
with the Residual Risk subtype had a 42% 10-year IBR rate
after BCS without RT, which was approximately 8 times
greater than the DS Low Risk group after BCS without
RT." For those patients treated with RT, the Residual Risk
group was also prognostic for IBR risk (HR- 2.5; 95% CI, 1.3
to 5.0; P = .005) and had a corresponding elevated IBR rate
of 14.7% (95% CI, 8.8% to 24.1%)."” However, none of the
CP criteria were significantly associated with IBR rate after
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accounting for the Residual Risk subtype on MVA
Table E17. Finally, neither categorical CP criteria nor con-
tinuous nomograms based on VNPI, MSKCC DCIS nomo-
gram, ECOG 5194, or RTOG 9804 studies was able to
reliably identify the subset of patients with elevated residual
risk remaining after BCS plus RT Table E18.

Discussion

This analysis yields several key findings. As expected, a large
percentage of patients had discordant risk assessments based
on CP criteria or nomograms compared with the 7-gene
biosignature results. On average, over half of patients with
low-risk CP profiles were reclassified as DS High Risk (51%
to 63%) and many patients with high-risk CP profiles were
reclassified as DS Low Risk (23% to 32%). Importantly,
those patients with discordant CP and 7-gene biosignature
risk assessments had clinically meaningful differences in
risk reduction with postoperative RT. Overall, patients with
low-risk CP profiles benefited from postoperative RT,
whereas those with DS Low Risk did not. However, patients
with low-risk CP profiles who were reclassified as DS High
Risk significantly benefited from postoperative RT (10-year
IBR rate 11.6% lower on average with RT), whereas patients
with concordant low-risk profiles had no significant benefit
from RT. Conversely, those patients who had high-risk CP
profiles and were reclassified as DS Low Risk did not benefit
from RT. On MVA, after accounting for 7-gene biosignature
test results, neither individual CP factors, nor composite CP
classifications, nor nomograms evaluated on a continuous
basis were significantly associated with IBR. The biosigna-
ture differs from CP-based risk assessments in that it incor-
porates 7 biomarkers and 4 CP factors using a nonlinear
algorithm rather than a simple linear combination of fac-
tors. The analysis demonstrates that there is a poor concor-
dance between the various CP risk groups and the
biosignature risk classification. For example, the low-risk
CP groups had high reclassification rates by the biosignature
and the re-classified patients had significant RT benefit,
indicating that the biosignature provided novel information
beyond the assessment based on various CP criteria. Collec-
tively, the results of this analysis affirm that the biosignature
can delineate high-risk from low-risk patients with high
fidelity independent of CP-based risk assessment. With
regards to absolute rates of IBR, it is important to recognize
the era in which the patients were treated, given that the
rates of local recurrence have consistently declined; as such,
a 5.6% IBR rate at 10 years is in line with BCS plus RT from
that era.” It is also important to note that the 10-year contra-
lateral breast event rate was 4.1% (2.0% to 8.5%) in this
study cohort, which is a measure of the expected new pri-
mary rate.’/ The randomized trial (NRG CC-016) for
patients with DCIS will soon be underway, providing level
1A evidence for modern IBR rates for DS Low Risk patients
(DS < 2.8) who will be randomized to receive or omit RT.

Just as importantly, our study demonstrates that neither
categorical CP criteria nor continuous nomograms based on
VNPI, MSKCC DCIS nomogram, ECOG 5194, or RTOG
9804 studies were able to reliably identify the subset of
patients with elevated residual risk remaining after BCS plus
RT. This is important as these patients represent 20% of
cases and may benefit from treatment intensification (eg,
tumor bed boost) and more intensive follow-up surveillance;
therefore, when relying on CP criteria, clinicians would be
unable to successfully identify such patients.

As previously discussed, given the usually excellent out-
comes and the potential for toxicities associated with post-
operative therapies, the ability to appropriately deintensify
treatment for patients diagnosed with DCIS is essential.
Today, CP-based criteria like RTOG 9804 are commonly
used by clinicians to help identify low-risk patients who
may be appropriate for omission of RT, as currently recom-
mended by the NCCN guidelines.” However, this analysis
suggests that this may lead clinicians astray when used as
part of shared decision making, given that more than half of
CP low-risk cases are actually biosignature High Risk and
have significant benefit from RT. Our study results were
similar for other low-risk CP criteria, based on the MSKCC
nomogram, VNPI, and ECOG 5194 studies. In contrast,
over a quarter of high-risk CP patients were reclassified as
biosignature Low Risk, with no benefit to the addition of
RT. For example, young age (<50 years) and high nuclear
grade are 2 CP factors commonly used to support the rec-
ommendation of postoperative RT. While about half of
patients are expected to be high-risk by age/grade criteria,
this analysis demonstrated that about one third of these
patients have DS Low Risk disease, with no benefit to adju-
vant RT. Furthermore, for DS Low Risk patients, there was
no significant difference in the IBR rate with RT for patients
who were young or had high nuclear grade, either indepen-
dently or jointly. Similar results were obtained for other
high-risk CP criteria.

Finally, neither CP criteria nor nomograms were associ-
ated with IBR rate after accounting for the continuous bio-
signature DS result. Taken together, these findings suggest
that treatment decisions based on the use of CP features
alone may lead to both over- and undertreatment with RT
when compared with the use of the biosignature and raises
the question of how clinicians can accurately counsel
patients regarding the pros/cons of postoperative RT with-
out the biosignature. At this time, population data have
demonstrated that approximately two thirds of patients
undergoing BCS for DCIS receive RT with significant
regional differences.””*" The current data, coupled with pre-
vious publications utilizing 7-gene biosignature, suggest that
63% of patients with DCIS will be biosignature High Risk,
benefiting from the addition of RT. As such, while the pro-
portion of patients receiving RT may not change with the
widespread use of the 7-gene biosignature test, what will
change is that RT will be given to those most likely to benefit
from it, preventing over and undertreatment. Given the
widespread use of CP in risk stratification for patients with
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DCIS, one must ask why doesn’t it work? In addition to the
inability of CP factors to adequately identify intrinsic lesion
biology,’" there are several confounding factors identified in
previous studies, including differences in pathologist’s inter-
pretation of grade,”””* tumor size,”* and surgical mar-
gins,”>*® differences in the application of BCS™ and RT
dose,” use and compliance with endocrine therapies,38 and
variabilities in the clinical presentation of cases’® (ie, clinical
vs mammographic presentation).””

There are limitations to this analysis. First, this was not a
prospective randomized trial but rather a retrospective anal-
ysis of a large collection of patients with DCIS with long-
term follow-up available from multiple cohorts. Hence, the
possibility of selection bias and hidden confounders exists.
Notably, the uncontrolled use of RT in these data sets would
likely trend toward utilization in CP high-risk patients.
Nonetheless, the biosignature retains discriminatory power
in both CP low-risk and CP high-risk groups. Additionally,
some subsets of patients included smaller numbers of cases
and events, and patients in this analysis were treated over
different treatment eras (1986-2011). As such, differences in
surgical techniques and RT delivery exist introducing het-
erogeneity among the cohorts. These limitations are
addressable with a modern prospective randomized study
design.

We also note that the CP criteria used in this study are
based on MSKCC, VNPI, RTOG 9804, and ECOG 5194 cri-
teria or continuous nomograms but are not exactly repro-
ducible, as the present study only evaluated margin status as
no-ink on tumor and did not include the number of exci-
sions. These adaptations were necessary due to data avail-
ability = constraints (eg, lack of detailed margin
measurements and number of excisions). Previous studies
have suggested that margin width may be related to IBR,
potentially impacting this analysis. However, a recent analy-
sis of 2,546 patients from the NSABP-B35 trial concluded
that there was no clinically meaningful difference among
patients with margins <2 mm (n = 879; IBR = 5.3%) versus
margins >2 mm (n = 1667; IBR = 3.8%).% Similarly, BCS
requiring 3 or more excisions is a factor in the MSKCC
nomogram, but it has a low expected incidence (<10%).””
Consequently, it is expected that the absence of these 2 fac-
tors would not have a material impact on the analysis of
average 10-year IBR rates for CP-based risk groups.

Additionally, a detailed analysis of the effect of ET and
the interaction with biosignature and CP risk groups is
beyond the scope of this analysis and will be addressed sepa-
rately. Endocrine therapy is expected to result in a 50%
reduction in new primary breast cancers.”*! In NSABP B24,
Tamoxifen was associated with a 3.2% absolute 10-year
reduction in contralateral breast cancer after lumpectomy
and RT for DCIS.** A previous analysis*’ in this group of
patients demonstrated a small IBR reduction with ET for
patients in the DS Low Risk group treated with or without
RT, which was consistent with the reduction in new primary
cancers seen in the contralateral breast.** However, beyond
this apparent reduction in new primary cancer recurrences,

no significant reduction was seen in the DS Low Risk
patients with or without RT. There was an apparent IBR
reduction beyond the expected reduction in new primary
cancers in patients in the DS High Risk group treated with
ET without RT, but not in DS High Risk patients receiving
RT. This finding is in line with those reported from the
overview of DCIS randomized trials,” where patients receiv-
ing RT had a small reduction in IBR with ET but those not
receiving RT had approximately half of the reduction in IBR
seen with RT, when receiving adjuvant ET alone. Little or
no reduction beyond that expected in new primary cancers
is likely with ET in the RRt group, since those tumors are
driven by an activated HER2/KRAS pathway, independent
of ER expression.'”

To address these limitations, a prospective randomized
clinical trial (NRG CC-016) will soon be underway that
includes random assignment of RT treatment in biosigna-
ture Low Risk patients, to ensure that both known and
unknown confounding factors are distributed evenly
between treatment groups. This study will provide level 1A
evidence to assess the difference in IBR rate between
patients in the DS Low Risk group (DS < 2.8) treated with
and without RT and allowing the impact of clinicopathology
on the IBR rate to be investigated in further detail.

Conclusions

Collectively, the results of this retrospective analysis high-
light limitations of CP-based risk assessment alone and indi-
cate that the 7-gene biosignature can delineate high-risk
from low-risk patients with high fidelity independent of CP-
based risk assessment. The biosignature reclassified more
than half of patients who would be classified as low-risk by
CP criteria as DS High Risk, with a clear clinical benefit
with postoperative RT. In contrast, over one quarter of
high-risk CP patients were reclassified as DS Low Risk with
no significant benefit to RT. Thus, for optimizing de-escala-
tion/escalation treatment strategies for DCIS, this analysis
further supports that the 7-gene biosignature more reliably
discriminates a low-risk group without significant RT bene-
fit compared with CP factors alone and an elevated risk
group that benefited from RT, facilitating improved shared
decision making.
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