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We read with interest the recent article by Hochheiser er @l regarding the economic impact of four multi-gene
assays (MGAs) used to make decisions regarding chemotherapy use in women with newly diagnosed estrogen
receptor-positive, HER2-negative breast cancer: 21-gene recurrence score (Oncotype DX®), 70-gene signature
(MammaPrint®), PAM50 (commercial; Prosigna®) and 12-gene molecular score (EndoPredict®) [1]. We wish to
highlight several deficiencies in the study design and the resultant conclusions.

The authors described the variables that were utilized in their cost—effectiveness model, which included two
elements related to the risk of distant recurrence according to MGA risk stratification: the 10-year probability of
recurrence without chemotherapy (i.e., prognostic performance) and the 10-year relative risk of recurrence with
and without chemotherapy (i.c., predictive performance). These values were then applied to decision-impact data
(i.e., how testing with each MGA impacted chemotherapy treatment decisions) to model the cost—effectiveness of
each MGA. Hochheiser ez al. (1] followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
guidelines to compile all available and applicable decision-impact literature for the four MGAs. However, the
authors did not use this same approach to compile literature reporting on the ability of the MGAs to stratify the
10-year risk of distant recurrence.

There are several significant issues regarding the values for the prognostic performance of the MGAs that the
authors used as inputs to their model. Hochheiser ez /. (1] cite a meta-analysis from the Early Breast Cancer Trialists
Collaborative Group [2] as the source of the input prognostic values for the 12-gene molecular score and PAMS50
(commercial) score. The authors state that this meta-analysis “provided commonly cited rates for distant recurrence”;
however, this citation predates the MGAs and does not contain any molecular data. Therefore, it is not possible
to use this meta-analysis to obtain input values for the probability of recurrence without chemotherapy according
to MGA risk group for the 12-gene or PAMS50 (commercial) scores if the MGAs themselves did not exist yet. As
such, the base prognostic variables used for these MGAs are questionable and may be invalid and, by association,
so are any conclusions drawn from them.

The EndoPredict test result is a combined clinico-molecular score (EPclin) that incorporates tumor size and
nodal status with a 12-gene molecular score. Hochheiser et a/. (1], used decision-impact data for the EPclin score
in their model; however, the base case variables used for the prognostic and predictive performance appear to be
for the 12-gene molecular score and not the EPclin score. This is inappropriate for two reasons. First, there is
inconsistency within the authors’ model regarding the use of the 12-gene molecular score and EPclin score. Second,
the EPclin score is the actual test result provided to clinicians for use in treatment decisions and would have been
the appropriate result to model for this study.

Notably, there is a wealth of published literature that includes prognostic data for both the EPclin score [3-6]
and PAM50 (commercial) score [3,7-9]. It is not obvious why the authors did not utilize the available data in their
model, as the published data clearly demonstrate that the input values used in the cost—effectiveness model are
wrong. For instance, a recent report from Sestak ez a/. [3], which predated the publication of Hochheiser ez /. (1], by
9 months, showed that the 10-year risk of distant recurrence for women treated with endocrine therapy alone who

had a high-risk EPclin score was 22.1%. This is substantially higher than the 15% risk modeled by Hochheiser Future =
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Figure 1. Comparison of the average (‘base case’) and range of prognostic performance of the 12-gene multi-gene
assay modeled in the Hochheiser et al. cost-effectiveness analysis (gray) when compared with the value published
by Sestak et al. (green).

et al. 1) (Figure 1). This directly demonstrates that the input prognostic values grossly underestimate the true
prognostic performance of the 12-gene MGA (EPclin score) and, consequently, that the authors’ assumptions
would underestimate the cost—effectiveness of EndoPredict.

Beyond providing a citation, the authors do not provide a detailed description about how the prognostic input
values for the four MGAs were obtained (Hochheiser ez al. 11, Table 1). Strangely, the input prognostic values and
ranges given for the low-risk categories of all four MGAs are identical, despite the fact that three different citations
are referenced. The input prognostic values for the high-risk 21-gene recurrence score and PAM50 (commercial)
categories are also identical. However, the study by Sestak ez a/. (3] included a direct comparison of the prognostic
performance of the 21-gene recurrence score, PAM50 (commercial), and the 12-gene MGA (EPclin), showing that
the prognostic performance of these MGAs differed from one another (3. In light of the Sestak ez a/. data and
without a clear explanation of how the prognostic input values were obtained in Hochheiser ez 4/. 1] the assumed
prognostic performance of the MGAs in the latter’s cost—effectiveness analysis are not appropriate. The lack of clear
provenance for prognostic input values is especially troubling in light of the authors’ own sensitivity analyses, which
showed that the prognostic performance of the MGAs (probability of recurrence without chemotherapy) is the
most significant contributor to the outcome of their cost—effectiveness analysis (Hochheiser ez 4/. (1], Supplementary
Figure 2). Despite this fact, there is limited information included in the manuscript to inform the reader that the
prognostic performance of each test has the greatest impact on the overall conclusions.

The authors also failed to provide sufficient information regarding how the predictive input values were obtained
from the cited literature. For the 21-gene recurrence score, the authors simply state that “the relative reduction
of distant recurrence with chemotherapy by 21-gene Recurrence Score risk group was based on Paik et al.” However,
the range of relative risk of recurrence (Hochheiser er al., Table 1) differs from what was reported in the cited
paper (Paik e# al. [10] Figure 3A) (10]. For high-risk patients, where Paik ez 4/ reported a mean value of 0.74,
the risk range utilized by Hochheiser ez a/. (0.69-0.78) does not match the 95% Cls observed in Paik ez /. [10]
(0.47-0.87). The assumption of a narrower and less skewed range than what was empirically observed in Paik
et al. likely has substantial ramifications on the modeled cost—effectiveness of the 21-gene recurrence score, as a
narrower and less downward-skewed range in high-risk patients could spuriously increase confidence in the claim
of cost—effectiveness. This brings into question the omission of detailed information regarding study methodology
or rationale.

In addition to the range of predictive power being questionable, the average value is questionable as well; others
have shown that the analysis by Paik ez a/. [10] was flawed due to an overlap between the training and validation
cohorts, resulting in an overestimation of the predictive power of the 21-gene score [11]. When a more appropriate
analysis was performed by Ioannidis ez /. [11], the 21-gene score did not predict benefits from chemotherapy [11].

In the absence of available literature providing the 10-year relative risk of recurrence for the 12-gene and PAM50
(commercial) scores, the authors should not have performed a comparison using this variable, or at the very least,
they should have indicated their uncertainty with wide error boundaries. The incorrect input values used for both
the prognostic and predictive values of the MGAs overestimate the cost—effectiveness of the 21-gene recurrence
score and underestimate the performance of the other MGAs. As a result, the authors’ findings that only the 21-gene
recurrence score resulted in a decrease in healthcare costs was a foregone conclusion.
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We agree with the authors that an understanding of the relative cost—effectiveness of available MGA:s is relevant
for clinical use. An appropriate cost—effectiveness comparison could have been performed utilizing prognostic data,
which is available for all four MGAs. This approach has been utilized in several cost—effectiveness models, which
show that testing with the PAM50 (commercial) or the 12-gene MGA result in a net reduction in healthcare
costs [12-16]. As the cost—effectiveness of breast cancer MGAs is an important part of their clinical utilization,
accurate reporting is critical, and, therefore, robust study design is imperative to produce informative results.
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