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Abstract

Background: Guidelines recommend the use of genomic assays such as OncotypeDx
to aid in decisions regarding the use of chemotherapy for hormone receptor-
positive, HER2-negative (HR+/HER2-) breast cancer. The RSClin prognostic tool
integrates OncotypeDx and clinicopathologic features to predict distant recurrence
and chemotherapy benefit, but further validation is needed before broad clinical
adoption.

Methods: This study included patients from the National Cancer Data Base (NCDB)
who were diagnosed with stage |-11l HR+/HER2- breast cancer from 2010 to 2020
and received adjuvant endocrine therapy with or without chemotherapy. RSClin-
predicted chemotherapy benefit was stratified into low (<3% reduction in distant
recurrence), intermediate (3%-5%), and high (>5%). Cox models were used to model
mortality adjusted for age, comorbidity index, insurance, and race/ethnicity.
Results: A total of 285,441 patients were identified for inclusion from the NCDB,
with an average age of 60 years and a median follow-up of 58 months. Chemo-
therapy was associated with improved overall survival only for those predicted to
have intermediate (adjusted hazard ratio [aHR], 0.68; 95% confidence interval [Cl],
0.60-0.79) and high benefit per RSClin (aHR, 0.66; 95% Cl, 0.61-0.72). Consistent
benefit was seen in the subset with a low OncotypeDx score (<26) and intermediate
(aHR, 0.66; 95% CI, 0.53-0.82) or high (aHR, 0.71; 95% CI, 0.58-0.86) RSClin-
predicted benefit. No survival benefit with chemotherapy was seen in patients
with a high OncotypeDx score (>26) and low benefit per RSClin (aHR, 1.70; 95% Cl,
0.41-6.99).

Conclusions: RSClin may identify high-risk patients who benefit from treatment
intensification more accurately than OncotypeDx, and further prospective study is

needed.
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NCDB VALIDATION OF THE RSCLIN CALCULATOR
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INTRODUCTION

Breast cancer is the leading cause of cancer death for women globally,
with an estimated 1.7 million cases diagnosed each year.! Hormone
receptor-positive (HR+) breast cancer is the most common subtype of
breast cancer, and constitutes approximately 70% of newly diagnosed
cases in the United States.? However, there is marked heterogeneity in
outcome within HR+ breast cancer, and gene expression assays have
been developed to more accurately characterize prognosis and/or
chemotherapy benefit, including the OncotypeDx and MammaPrint
assays.>* Although genomic assays enhance clinical decision-making,
they must be used in combination with a patient’s clinical and de-
mographic factors to individualize care. For example, subgroup ana-
lyses of the pivotal TAILORx, RxPONDER, and MINDACT trials have
demonstrated that some premenopausal women who are not classified
as “high risk” by genomic assays may still benefit from chemotherapy.>”
One recently described attempt to refine decision-making with the
OncotypeDx assay is the RSClin prognostic risk tool.2 RSClin in-
corporates age, tumor grade, tumor size, and OncotypeDx scores to
provide more accurate prognostic information for patients with node-
negative HR+ breast cancer. The RSClin tool provides an estimate of
risk of distant metastasis at 10 years with hormonal therapy alone, as
well as an estimate of chemotherapy benefit as measured by a reduc-
tion in this risk of distant metastasis when chemotherapy is added to
hormonal therapy. This tool has been validated with data from a large
health registry in Israel, but further real-world evaluation of the tool in
larger, diverse populations is required.® In addition, whereas Oncoty-
peDx has been prospectively validated to demonstrate that in women
with scores over 26, chemotherapy should be offered, there is no clear
cutoff for the RSClin tool for which chemotherapy is deemed necessary.
Some studies have reserved chemotherapy for patients where RSClin
predicts at least a 5% absolute reduction in distant recurrence with the
use of chemotherapy, but additional data are needed.’

Although genomic recurrence assays have improved the care of
women with HR+ breast cancer via the more appropriate selection of
patients for chemotherapy, accumulating evidence suggests that
these assays are less applicable to non-White patients. This may in
part be due to the fact that the most well-studied genomic recur-
rence assays were developed with samples from predominantly
White patients. National Surgical Adjuvant Breast and Bowel Project
(NSABP) B-20, which consists of only 6% Black patients, was the
largest cohort contributing samples to the development of Oncoty-
peDx.2° MammaPrint was developed from a single-center cohort of
patients younger than 55 years of age treated at the Netherlands
Cancer Institute, which likely had limited representation of non-
White patients* Multiple studies have demonstrated that Black

women with low recurrence scores have a higher risk of recurrence

than a comparable body of White patients—although it remains un-
clear how much is due to differences in disease biology versus so-
cioeconomic factors. %2 A prior analysis of the National Cancer Data
Base (NCDB) found that the prognostic accuracy of OncotypeDx was
nearly halved in Black and Hispanic patients.'® A study of 95 Black
women found that nearly two thirds of patients classified as low or
intermediate risk by OncotypeDx would be classified as high risk by
MammaPrint—which highlights the difficulties of accurate risk
stratification in this population.'* Additionally, White women are
more likely to undergo genomic testing than Black and Hispanic pa-
tients in the United States, which furthers disparities.ls*l(’ RSClin
uses the OncotypeDx score, and therefore it is possible that this tool
recapitulates the inherent disparities in OncotypeDx testing. Because
RSClin was developed via a patient-specific meta-analysis of the
NSABP B-14 and TAILORX trials, both of which enrolled predomi-
nantly non-Hispanic White women, it may not be optimized for
application in diverse patients.

In this study, we provide a large-scale validation of the RSClin risk
tool via the NCDB, which correlates tool predictions with long-term
survival outcomes. Furthermore, we analyzed RSClin’s performance
in multiple clinical and demographic subgroups, with particular atten-
tion to accuracy in patients of varying race and ethnicity, to determine
whether this novel tool can be equitably applied to all patients.

MATERIALS AND METHODS
Study design and data source

This was a retrospective cohort study evaluating the RSClin prognostic
risk calculator in patients with nonmetastatic, node-negative HR+/
HER2- breast cancer. Patients were identified via the NCDB, a large
hospital-based registry maintained jointly by the American College of
Surgeons and American Cancer Society, which captures approximately
70% of new cancer diagnoses in the United States.'” This study was
determined to be exempt from review by the University of Chicago
institutional review board. No informed consent was obtained because
we did not use any identifying patient information. This study followed
the Strengthening the Reporting of Observational Studies in Epide-
miology (STROBE) reporting guideline.'®

Study population and covariates
We included patients diagnosed with node-negative HR+/HER2-

invasive breast carcinoma from January 1, 2010, through December
31, 2020, who were treated with adjuvant hormonal therapy with or
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without chemotherapy. We excluded patients with ductal carcinoma
in situ or metastatic disease. Covariates analyzed included age, sex,
race/ethnicity, Charlson/Deyo comorbidity index, insurance status,
grade, tumor size, and recurrence score result; patients with un-
known results for these variables were excluded (Figure S1). For this
patient cohort, each unique combination of grade, tumor size,
recurrence score, and age was iteratively passed to the online
(https://rsclin.genomichealth.com/#/app/home) RSClin calculator to
generate predictions of distant disease-free survival and absolute
benefit of chemotherapy (which is listed as a reduction in distant
recurrence rate compared to hormonal therapy alone) at 10 years.
Because the specific hormonal therapy used is not recorded in the
NCDB, the RSClin estimates of recurrence and chemotherapy benefit
were calculated compared to treatment with aromatase inhibitors

unless otherwise stated.

Statistical analysis

Statistical analysis was performed with Python version 3.8.8 (Python
Software Foundation, Wilmington, Delaware). Early studies of breast
cancer chemotherapy demonstrated benefits of as low as 2%-3% in
postmenopausal women,'® whereas clinicians may prefer to recom-
mend chemotherapy for patients when the benefit is >5%.72° Thus,
we evaluated subgroups where RSClin-predicted chemotherapy
benefit was <3% (low benefit), 3%-5% (intermediate benefit), and
>5% (high benefit). Decisions to administer chemotherapy in the
NCDB are also likely confounded by patient performance status as
well as socioeconomic factors.2%?? We performed inverse probability
of treatment weighting and calculated propensity scores with a lo-
gistic regression model to correct for the influence of age, race/
ethnicity, comorbidity index, and insurance status on chemotherapy
treatment decisions.?®> Additionally, because age and comorbidity
index are strongly associated with noncancer mortality in this pop-
ulation, adjusted hazard ratio (aHR) estimates incorporated these
features as covariates to better describe the association of RSClin
predictions with breast cancer-specific survival.

The primary outcome was the aHR for overall survival (OS) in
patients who received and did not receive chemotherapy for sub-
groups separated by RSClin-predicted chemotherapy benefit. Sec-
ondary outcomes included assessing the prognostic accuracy of
RSClin for patients treated with hormonal therapy alone, evaluating
the predictive accuracy within clinical and demographic subgroups,
and evaluating outcomes in patients with discordant RSClin and
OncotypeDx risk categories. Prognostic accuracy of RSClin was
compared to the input variables of grade, tumor size, and recurrence
score with the Harrell concordance index (C-index).?* We used
restricted cubic spline regression to model chemotherapy benefit as a
function of RSClin predictions on a continuous basis.2> All statistical
testing was done at the a = .05 significance level, and no correction
for multiple hypothesis testing was performed given the exploratory

nature of this analysis.

RESULTS

We identified 285,441 patients within the NCDB who met our in-
clusion criteria. The average patient age was 59.5 years, the mean
recurrence score was 16.3, and 41,789 patients (14.6%) received
chemotherapy (Tables 1 and S1). All patients received endocrine
therapy. The median follow-up in this cohort was 58.3 months, and
11,706 patients (4.6%) died during this follow-up. The vast majority
of patients were female (n = 238,447; 99.3%), although a few male
patients met eligibility criteria (n = 1994; 0.7%); male patients had
higher grade, larger tumors with higher OncotypeDx scores (Table-
S2). The breakdown of race/ethnicity was similar to what was seen in
the TAILORX trial®®: the majority (235,804; 82.6%) of patients were
non-Hispanic White, 21,937 (7.7%) were non-Hispanic Black, 13,788
(4.8%) were of Hispanic ethnicity (of any race), and 11,735 (4.1%)
were Asian/Pacific Islander. The average predicted risk of distant
recurrence at 10 years (via RSClin) was 7.0% with aromatase in-
hibitors alone, and the average predicted reduction in distant
recurrence with chemotherapy was 2.5%. To further characterize the
distribution of RSClin predictions in the NCDB population, histo-
grams were generated for the risk of distant recurrence (Figure 1).
Notably, non-Hispanic White patients had a lower predicted risk of
recurrence and a lower predicted chemotherapy benefit than other
racial/ethnic subgroups (Figure S2). For example, if a threshold of 5%
absolute benefit per RSClin prediction was used to select patients for
chemotherapy, this would result in treatment of 11% of non-Hispanic
White, 12% of Hispanic, 13% of Asian/Pacific Islander, and 16% of
non-Hispanic Black patients. This is a direct reflection of heteroge-
neity in the input variables for the RSClin calculator. Consistent with
existing studies, non-Hispanic Black patients in this NCDB cohort
were younger, with higher grade, larger tumors and higher recur-
rence scores compared to their non-Hispanic White counterparts
(Table S3).

Next, RSClin-predicted risk of distant recurrence on hormonal
therapy alone was compared to observed OS in the NCDB cohort.
The 243,652 patients treated with hormonal therapy alone were
stratified by RSClin-predicted distant recurrence risk in 5% in-
crements (Figure S3; Table S4). Notably, survival declined mono-
tonically with increasing predicted risk. Similar findings were seen in
patients younger than 50 years of age, regardless of whether treat-
ment with aromatase inhibitors or tamoxifen was selected for the
RSClin calculator (Figure S4; Tables S5 and Sé6). To determine
whether RSClin accurately incorporated clinical and demographic
features to predict prognosis, we computed the C-index for a Cox
model?* for OS with RSClin recurrence risk and compared this to Cox
models via tumor grade, size, and recurrence score (Table S7). RSClin
alone achieved a C-index of 0.574, similar to the C-index of 0.570, for
a model with grade, size, and recurrence score. These models
demonstrated more prognostic accuracy for OS than recurrence
score alone (C-index of 0.543). However, in absolute terms, RSClin
predictions remained only a modest predictor of survival (a C-index

of 0.5 is the performance that would be obtained via random
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TABLE 1 Characteristics of included patients.

Missing  Overall Chemotherapy No chemotherapy p
Patients, No. 285,441 41,789 243,652
Age, mean (SD), years 0 59.5(10.5) 55.4 (10.7) 60.2 (10.2) <.001
Sex, No. (%) Female 0 283,447 (99.3) 41,501 (99.3) 241,946 (99.3) .828
Male 1994 (0.7) 288 (0.7) 1706 (0.7)
Race/ethnicity, No. (%) Asian 0 11,735 (4.1) 1918 (4.6) 9817 (4.0) <.001
Hispanic 13,788 (4.8) 2218 (5.3) 11,570 (4.7)
Native American 814 (0.3) 92 (0.2) 722 (0.3)
Non-Hispanic Black 21,937 (7.7) 3922 (9.4) 18,015 (7.4)
Non-Hispanic White 235,804 (82.6) 33,437 (80.0) 202,367 (83.1)
Other 1363 (0.5) 202 (0.5) 1161 (0.5)
Insurance, No. (%) Government/uninsured 0 116,661 (40.9) 12,776 (30.6) 103,885 (42.6) <.001
Private/managed 168,780 (59.1) 29,013 (69.4) 139,767 (57.4)
Charlson/Deyo score, No. (%) 0 0 239,780 (84.0) 35,778 (85.6) 204,002 (83.7) <.001
>1 45,661 (16.0) 6011 (14.4) 39,650 (16.3)
Grade, No. (%) 1 0 84,015 (29.4) 4686 (11.2) 79,329 (32.6) <.001
2 161,435 (56.6) 20,468 (49.0) 140,967 (57.9)
3 39,991 (14.0) 16,635 (39.8) 23,356 (9.6)
Histologic subtype, No. (%) Ductal 0 220,154 (77.1) 34,799 (83.3) 185,355 (76.1) <.001
Ductal and lobular 18,094 (6.3) 2116 (5.1) 15,978 (6.6)
Lobular 38,316 (13.4) 3873 (9.3) 34,443 (14.1)
Other 8877 (3.1) 1001 (2.4) 7876 (3.2)
Tumor size, median (IQR), mm 0 15.0(10.0-20.0) 17.0(12.0-24.0) 14.0(10.0-20.0) <.001
Tumor size, No. (%) <20 mm 0 217,857 (76.3) 27,236 (65.2) 190,621 (78.2) <.001
21-50 mm 63,181 (22.1) 13,641 (32.6) 49,540 (20.3)
>50 mm 4403 (1.5) 912 (2.2) 3491 (1.4)
Receptor status, No. (%) ER+ PR+ 6682 254,280 (91.2) 31,968 (79.1) 222,312 (93.3) <.001
ER+ PR- 24,251 (8.7) 8336 (20.6) 15,915 (6.7)
ER- PR+ 228 (0.1) 108 (0.3) 120 (0.1)
ER%, mean (SD) 185,652 93.2 (11.1) 90.3 (14.8) 93.4 (10.7) <.001
PR%, mean (SD) 185,582 68.4 (34.8) 51.5 (38.4) 69.8 (34.1) <.001
Ki67%, mean (SD) 237,615 16.4 (14.6) 27.0 (19.9) 15.4 (13.6) <.001
OncotypeDx score, No. (%) High (26+) 0 33,468 (11.7) 24,281 (58.1) 9187 (3.8) <.001
Intermediate (11-25) 180,769 (63.3) 16,693 (39.9) 164,076 (67.3)
Low (0-10) 71,204 (24.9) 815 (2.0) 70,389 (28.9)
Last contact, mean (SD) 32,554 625 (32.2) 73.0 (32.1) 60.6 (31.8) <.001
Vital status, No. (%) Alive 32,551 241,184 (95.4) 36,791 (93.9) 204,393 (95.6) <.001
Deceased 11,706 (4.6) 2379 (6.1) 9327 (4.4)
RSClin-predicted percentage 0 7.0(7.6) 16.6 (12.3) 5.4 (4.8) <.001

risk of distant recurrence at
10 years with Al alone, mean (SD)
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TABLE 1 (Continued)
Missing  Overall Chemotherapy No chemotherapy p
RSClin-predicted benefit of chemotherapy High (>5%) 0 31,873(11.2) 22,196 (53.1) 9677 (4.0) <.001
| .
(absolute percentage reduction Intermediate (3%-5%) 27,090 (9.5) 10,113 (24.2) 16,977 (7.0)

in distant recurrence), No. (%)
Low (<3%)

226,478 (79.3) 9480 (22.7) 216,998 (89.1)

Note: All demographic factors other than sex were associated with receipt of chemotherapy.

Abbreviations: Al, aromatase inhibitors; ER, estrogen receptor; IQR, interquartile range; PR, progesterone receptor.

Histograms for RSClin Predictions
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FIGURE 1 Histograms for distributions of RSClin predictions. Predictions of risk of distant recurrence on aromatase inhibitors (Left)
and absolute chemotherapy benefit as the percentage reduction in distant recurrence (Right) are illustrated for the overall study population.
For this study, RSClin-predicted chemotherapy benefit was stratified into low (<3% reduction in distant recurrence), intermediate (3%-5%),

and high (>5%); these divisions are illustrated above.

chance), and age is a more important factor because models incor-
porating age achieve a C-index of 0.708-0.719.

We next assessed the accuracy of RSClin by comparing survival
with and without chemotherapy in patients with low (<3%), inter-
mediate (3%-5%), and high (>5%) predicted chemotherapy benefit
(Figure 2; Table S8). No survival advantage was seen with patients
undergoing chemotherapy with low RSClin-predicted benefit (aHR,
0.99; 95% confidence interval [Cl], 0.89-1.11; p = .91). Significant
survival benefit was seen with chemotherapy in patients with inter-
mediate (aHR, 0.68; 95% Cl, 0.60-0.79; p < .01) and high (aHR, 0.66;
95% Cl, 0.61-0.72; p < .01) RSClin-predicted benefit. Similar findings
were seen in the subset of patients younger than 50 years of age
(Figure S5) when calculating RSClin with a presumption of aromatase
inhibitor therapy (Table S9), but there was only a trend toward
chemotherapy benefit that did not reach statistical significance when
calculations were made presuming tamoxifen therapy (Table S10).
We also quantified the relationship of RSClin-predicted chemo-
therapy benefit versus actual survival benefit via a restricted cubic
spline model (Figure 3). The survival advantage of chemotherapy
became significant when the predicted benefit was at least 3%.

Because the correlation between RSClin predictions and survival
may depend on several clinical and demographic factors, we repeated
this analysis in additional subgroups (Figure 4). Notably, no patient
subgroups experienced a significant survival benefit with chemo-
therapy when RSClin-predicted benefit was low (<3%). Most

subgroups demonstrated a survival benefit when RSClin-predicted
benefit was high (>5%). The magnitude of benefit of chemotherapy
was smaller in patients with lobular histology compared to ductal
histology, and did not reach significance even in the subset with high
RSClin-predicted benefit (aHR, 0.80; 95% Cl, 0.60-1.07). In general,
similar findings were seen across racial and ethnic subgroups. How-
ever, we observed no trend toward benefit in Hispanic patients
regardless of RSClin predictions, even those predicted to have a high
RSClin-predicted benefit (aHR, 1.19; 95% Cl, 0.66-2.14).

Finally, we evaluated treatment patterns and outcomes in pa-
tients on the basis of RSClin and recurrence score risk categories. In
our NCDB cohort, chemotherapy was administered for 73% of pa-
(>26;
n = 33,468) and 25% of patients with high-end intermediate scores

tients with a high-risk OncotypeDx recurrence score

(21-25; n = 38,351; Figure Sé). Similarly, chemotherapy was used in
70% of patients with high (n = 31,873) and 37% of patients with
intermediate (n = 27,090) predicted chemotherapy benefit per
RSClin. Whereas only 1.4% (n = 476) of patients with a high-risk
OncotypeDx recurrence score had a low RSClin-predicted benefit,
21% (nh = 6316) of patients with high and 75% (n = 13,640) of pa-
tients with intermediate RSClin-predicted benefit had OncotypeDx
recurrence scores of lower than 26.

In these discordant cases where survival status was available, we
found that RSClin was more predictive of the impact of chemo-

therapy (Figure 5; Table S11). In the small subset with patients with a
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FIGURE 2 Correlation of RSClin predictions and mortality rate in patients treated with or without chemotherapy. Mortality rate is
compared between patients treated with and without chemotherapy within three subgroups of RSClin-predicted chemotherapy benefit
(reported as the absolute reduction in 10-year distant recurrence rate with chemotherapy). A significant survival benefit is seen starting at the
3%-5% subgroup. Inverse probability of treatment weighting is applied to mitigate the effect of patient fitness on treatment decisions, and
hazard ratios are listed for chemotherapy benefit in a multivariable Cox model that also incorporates age and comorbidity index. HR indicates

hazard ratio.
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FIGURE 3 Continuous prediction of survival benefit with chemotherapy as a function of RSClin-predicted benefit. Relationship was
modeled with a cubic spline regression with four knots, with inverse probability of treatment weighting and covariates of age and comorbidity
index included in the model. A significant overall survival benefit with chemotherapy was seen when RSClin-predicted chemotherapy benefit
was at least 3%.

Predicted CT Benefit <3% Predicted CT Benefit 3%-5% Predicted CT Benefit >5%
HR (95% CI) HR (95% CI) HR (95% CI)
Overall 4 0.99 (0.89-1.11) -4 0.68 (0.60—0.79) 4 0.66 (0.61-0.72)
Sex
Female p— 0.99 (0.88-1.11) —4- 0.68 (0.59-0.79) 4 0.66 (0.61-0.72)
Male p———» 0.99 (0.37-2.66) N/A ——t 0.61 (0.34-1.10)
Age
<50 — 1.06 (0.78-1.43) —— 0.69 (0.47- 1.00) —— 0.78 (0.61- 0.99)
50-69 — 1.05 (0.92-1.19) 4 0.75 (0.64— 0.89) 4 0.70 (0.63— 0.79)
= —+— 0.90 (0.68-1.18) —— 0.61 (0.43-0.87) -4 0.65 (0.56— 0.76)
Race / Ethnicity
Non-Hispanic White —4— 1.00 (0.88-1.13) 4 0.68 (0.59-0.80) 0.66 (0.61-0.73)
Non-Hispanic Black —— 0.91 (0.64-1.31) —— 0.72 (0.48-1.08) 0.65 (0.51-0.83)
Hlspanlc — 0.94 (0.50-1.77) ————4————> 1.00 (0.48-2.08) ———4——> 1.19 (0.66- 2.14)
sian —f——————4> 1.81(0.85-3.87) B e 0.67 (0.28—1.60) —— 0.55 (0.32-0.97)
Charlson-Deyo Score
0 +4— 1.08 (0.94-1.23) —4— 0.72 (0.61-0.84) 4 0.65 (0.59-0.71)
=1 —— 0.78 (0.60-1.03) —— 0.63 (0.45-0.89) —4— 0.69 (0.57-0.83)
Grade
ow —— 1.08 (0.87-1.34) —— 0.50 (0.34-0.73) — 0.78 (0.42— 1.44)
Intermediate — 0.97 (0.85-1.12) —— 0.78 (0.65-0.93) -4 0.58 (0.50—- 0.68)
ig| B S m— 0.81 (0.52-1.26) —— 0.61 (0.45-0.82) 4 0.69 (0.62-0.76)
Histology
Ductal —4— 0.98 (0.86-1.12) -4 0.67 (0.57-0.78) 4 0.65 (0.59-0.71)
Lobular —— 1.06 (0.80-1.39) —— 0.90 (0.62-1.30) —— 0.80 (0.60-1.07)
Tumor Size
<2cm —— 1.01 (0.87-1.16) —4— 0.71 (0.59-0.84) -4 0.63 (0.56-0.72)
>=2cm — 0.91 (0.75-1.10) —4— 0.68 (0.54—0.86) K 0.69 (0.62—0.77)
Oncotype Score
<11 — 1.09 (0.74-1.59) N/A N/A
11-25 -4 0.98 (0.87-1.11) —4— 0.65 (0.54-0.79) —— 0.74 (0.59-0.94)
>25 —t——————4—> 1.70 (0.41-6.99) —— 0.77 (0.61-0.96) 4 0.61 (0.55-0.66)
r 1 r 1 r 1
0 1 2 0 1 2 0 1 2
Hazard Ratio Hazard Ratio Hazard Ratio
Chemotherapy Endocrine Therapy Chemotherapy Endocrine Therapy Chemotherapy Endocrine Therapy
Better Alone Better Better Alone Better Better Alone Better

FIGURE 4 Survival benefit of chemotherapy, stratified by RSClin-predicted benefit and clinical/demographic factors. The analysis is
pictured with inverse probability of treatment weighting, and models also incorporated age and comorbidity index as variables. No clear
subgroup clearly benefitted from chemotherapy when RSClin-predicted benefit was <3%, although there was a trend toward benefit in
patients with grade 3 tumors. Conversely, nearly all subgroups demonstrated a clear survival advantage with chemotherapy when RSClin-
predicted benefit was >5%. Notable exceptions include lobular tumors and Hispanic patients. CT indicates chemotherapy. Subgroups with
fewer than 10 patients where hazard ratio estimates could not be reliably generated are marked with ‘N/A’.

high-risk OncotypeDx recurrence score with low RSClin-predicted p = .46). All these patients had grade 1 tumors, with an OncotypeDx
benefit, there was no discernable difference in survival associated recurrence score no greater than 28 and tumor size of less than
with treatment with chemotherapy (aHR, 1.70; 95% Cl, 0.41-6.99; 1.3 cm. By contrast, patients with a low OncotypeDx score and high
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FIGURE 5 Mortality rate in patients in discordant RSClin and OncotypeDx risk groups. High RSClin is defined as a predicted absolute
chemotherapy benefit of >5%, intermediate as between 3% and 5%, and low risk as less than 3%. High OncotypeDx risk is defined as a score of
26 or higher. Inverse probability of treatment weighting is applied to survival curves. Int. indicates intermediate; RS, RSClin.

(aHR, 0.71; 95% Cl, 0.58-0.86; p < .01) or intermediate (aHR, 0.66;
95% Cl, 0.53-0.82; p < .01) RSClin-predicted benefit had prolonged
OS with chemotherapy. Notably, the intermediate RSClin group had a
median OncotypeDx score of 23 (interquartile range, 20-24). Similar
results were seen in patients aged 50 years or older (Table S12;
Figure S7) and those younger than 50 years of age (Table $S13), which
suggests that this effect is not dependent on menopausal status.
Similar to the overall population, patients younger than 50 years of
age, with a low OncotypeDx score but a high or intermediate RSClin-
predicted benefit, showed improved OS with chemotherapy. There
was only a trend toward chemotherapy benefit in patients with
concordant high RSClin-predicted chemotherapy benefit and Onco-
typeDx scores (aHR, 0.78; 95% Cl, 0.57-1.08; p = .14), which may not
have reached significance in part because of the imbalanced treat-
ment decisions in this cohort (only 13%, or n = 627, received endo-
crine therapy alone). The results in patients aged 50 years or older
mirrored the overall population, with an advantage to chemotherapy
exclusively seen in patients with intermediate or high predicted
benefit per RSClin.

DISCUSSION

In this study, we further validated the RSClin prognostic risk tool in a
large cohort of patients in the NCDB. We demonstrated that

increasing RSClin-predicted recurrence correlates with decreased

survival in patients treated with hormonal therapy alone and iden-
tifles a subset of patients who benefit from chemotherapy. Our
subgroup analysis by clinical and demographic factors provides
insight into the validity of RSClin in different patient populations,
with notable heterogeneity in patients with lobular breast cancer or
high-grade tumors and in patients of varying race/ethnicity. Several
studies have suggested that chemotherapy may be less impactful in

27.28 and our

lobular tumors, even with high-risk OncotypeDx scores,
subgroup analysis similarly found that lobular tumors had a trend
toward lower chemotherapy benefit (compared to ductal tumors) for
each category of RSClin-predicted risk.

In our study, we consistently found a survival benefit for patients
with an intermediate (3%-5%) and high (>5%) predicted chemo-
therapy benefit per RSClin, although the absolute difference in
mortality was more clinically meaningful in the latter group, which
reached 6.8% at 8 years, and the survival advantage was more
consistent across subgroups in the high-predicted benefit group. In
our NCDB cohort, 21% of node-negative patients would have an
intermediate or high predicted benefit per RSClin, which is much
larger than the 12% who have a high-risk OncotypeDx score (>26).
However, the TAILORX trial has also suggested that chemotherapy
may benefit some patients with intermediate-risk OncotypeDx
scores, with a trend toward lower recurrence rates in women aged
50 years or younger with scores of 16-25, especially in patients with
high-intermediate scores of 21-25.° These findings in TAILORx may

in part be due to chemotherapy-induced menopause, and the use of
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ovarian suppression was likely low in our study because of the time
frame. Thus, our findings should not prompt the use of chemotherapy
for all patients with an elevated risk per RSClin. Nonetheless, our
study demonstrates that outcomes are suboptimal with hormonal
therapy alone, and this tool may prove helpful to select patients for
treatment intensification with ovarian suppression,?? CDK4/6 in-

1 with chemotherapy reserved for

hibitors,3° or bisphosphonates,®
patients at highest risk. RSClin may also serve to deescalate therapy
—in the small group of patients with low risk via RSClin but a high
OncotypeDx score, no overall survival advantage was seen with
chemotherapy (Figure 5, Bottom Left).

Importantly, we found that RSClin, like OncotypeDx, may be less
prognostic in some non-White patients. There is clear heterogeneity
in RSClin risk predictions in racial/ethnic subgroups, which is
reflective of underlying differences in model inputs. It is well
described that Black women are more likely to have high-risk
recurrence score results,'? high-grade tumors, and low estrogen re-
ceptor expression.>2 In our study, we demonstrated that regardless
of the cutoff for RSClin predictions, chemotherapy will be recom-
mended more frequently for non-White patients—in particular, Black
women would be nearly 50% more likely than White women to be
recommended to undergo chemotherapy with a cutoff of 5% pre-
dicted chemotherapy benefit. However, the survival benefit of
chemotherapy in our study only reached significance for the highest
RSClin risk category in Black women and was not seen for any risk
category in Hispanic patients, which suggests it may not stratify
patient risk in these groups. Similarly, an analysis of the TAILORX trial
found that Black patients with intermediate recurrence scores had a
60% higher distant recurrence rate than White patients but did not
experience a chemotherapy benefit.?® Black women with breast
cancer are 40% more likely to die of their disease than White
women?; there are myriad contributors to this gap, including differ-

33,34 and

ences in disease biology, early detection, treatment delays,
access to treatment.?>?2 |t is important that diverse patient data are
used to drive prognostic testing and model development to ensure
that these disparities are not perpetuated given the biologic differ-
ences in breast cancer in Black and Hispanic patients (weaker ER
expression,®>3¢ differences in HER2 expression,>>%”
proportion of GATA3 and TP53 mutations®®°),

Our study described the performance of the RSClin calculator in

and a higher

the largest clinical cancer registry in the world, which allows for
careful assessment of performance in a variety of subgroups. How-
ever, there are several limitations to the use of the NCDB. Most
notably, only OS data are collected, which limits direct validation of
RSClin predictions, which are measured in terms of distant recur-
rence rates. OS is moderately correlated with disease-free survival in
breast cancer,** and likely serves as a reasonable proxy for distant
recurrence rates. The duration of follow-up also limits the correlation
of OS to distant recurrence rates because there is a several year
delay between the development of metastasis and death from breast
cancer. Nonetheless, the large sample size enables detection of
minute differences in survival, which may compound further follow-

up. Another limitation of our study is the lack of specific treatment

annotations in the NCDB. We conducted much of our analysis
presuming treatment with aromatase inhibitors because the type of
endocrine therapy is not specified in the NCDB, but many premen-
opausal women included in this study may have received tamoxifen.
However, in women younger than 50 years of age, estimating risk
with tamoxifen only demonstrated a nonsignificant trend toward
chemotherapy benefit in the RSClin risk categories defined in our
analysis. Selecting tamoxifen treatment raises the RSClin predictions
of chemotherapy benefit, which may assign more lower risk women
to the intermediate/high-benefit categories and may explain this
discrepancy. The thresholds defined with aromatase inhibitor treat-
ment as an input for RSClin still identified younger women with a
significant benefit of chemotherapy, and thus may still be reasonably
applied to identify younger women for treatment intensification.
Additionally, the NCDB does not provide annotations for menopausal
status, which would be particularly important given that ovarian
function suppression may be the prime driver of chemotherapy
benefit in intermediate-risk node-negative patients. Although we
performed an age-based analysis (separating patients older and
younger than 50 years of age) and found largely similar results, the
variable onset of menopause limits our confidence in this finding.
Additionally, we were unable to include the specific chemotherapy
regimen received or the dose intensity, which may account for some
of the racial disparities in chemotherapy benefit because non-White
patients are more likely to receive nonstandard regimens and are less
likely to complete planned therapy.*>*® Finally, limited comorbidity
information is included in the NCDB. We attempted to control for the
impact of comorbidities and other demographic factors in chemo-
therapy administration via inverse probability of treatment weight-
ing, but in our subgroup analysis, older patients experienced a
greater magnitude of chemotherapy benefit than younger patients
when RSClin predicted a high benefit, which may reflect the selection
of relatively healthier older patients for chemotherapy.

In conclusion, the RSClin prognostic risk tool accurately predicts
OS with hormonal therapy in the NCDB—performing as well as a
single metric or in combination with recurrence score, grade, and
tumor size. Increased mortality was seen in node-negative patients
treated with hormonal therapy alone when RSClin predicted a
chemotherapy benefit of at least 3%, although this mortality differ-
ence was most consistent across subgroups when predicted chemo-
therapy benefit was more than 5%. Further study is needed to clarify
optimal strategies in such patients, which may include ovarian sup-

pression, chemotherapy, or other emerging adjuvant therapies.
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