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Abstract

Background—The Afirma gene expression classifier (GEC) is used to assess malighancy risk
in indeterminate thyroid nodules (ITNs) classified as Bethesda category 111/IV. Our objective was
to analyze GEC performance at two institutions with high thyroid cytopathology volumes but
differing prevalence of malignancy.

Methods—Retrospective analysis of all ITNs evaluated with the GEC at Memorial Sloan
Kettering Cancer Center (MSK; 7= 94) and Mount Sinai Beth Israel (MSBI; n="71). These
institutions have differing prevalences of malignancy in ITNs: 30-38 % (MSK) and 10-19 %
(MSBI). Surgical pathology was correlated with GEC findings for each matched nodule.
Performance characteristics were estimated using Bayes Theorem.

Results—~Patient and nodule characteristics were similar at MSK and MSBI. The GEC-benign
call rates were 38.3 % (MSK) and 52.1 % (MSBI). Of the GEC-benign nodules, 8.3 % (MSK) and
13.5 % (MSBI) were treated surgically. Surgical pathology indicated that all of GEC-benign
nodules were benign. Of the GEC-suspicious nodules, 60.0 % (MSK) and 61.7 % (MSBI)
underwent surgery. Positive predictive values (PPVs) for GEC-suspicious results were 57.1 %

(95 % CI 41.0-72.3) at MSK and 14.3 % (95 % CI 0.2-30.2) at MSBI. The estimated negative
predictive values (NPVs) were 86-92 % at MSK and 95-98 % at MSBI.

Conclusions—There were wide variations in the Afirma GEC-benign call rate, PPV, and
NPV between MSBI (a comprehensive health system) and MSK (a tertiary referral cancer center),
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which had differing rates of malignancy in ITNs. The GEC could not routinely alter management
in either institution. We believe that this assay would be expected to be most informative in
practice settings where the prevalence of malignancy is 15-21 %, such that NPV >95 % and PPV
>25 % would be anticipated. Knowing the prevalence of malignancy in ITNs at a particular
institution is critical for reliable interpretation of GEC results.

Despite advances in ultrasonography and fine-needle aspiration (FNA), 10-30 % of biopsied
thyroid nodules have cytopathology that is categorized as “indeterminate.” Indeterminate
thyroid nodules (ITNs) are defined, using the Bethesda System for Reporting Thyroid
Cytopathology, as Category Il (atypia of undetermined significance or follicular lesion of
undetermined significance) or Category IV (suspicious for follicular neoplasm).: The most
frequently recommended approach, diagnostic thyroid lobectomy, reflects the practical
limitations of diagnosing thyroid nodules. If the nodule is malignant, the patient often
requires another operation for completion thyroidectomy. If it is benign, the surgery in
retrospect may have been unnecessary.

The Afirma gene expression classifier (GEC) is a molecular assay that was developed for the
purpose of improving surgical decision-making for ITNs classified as Bethesda Il or V..
The GEC categorizes ITNs as either “benign” or “suspicious.” Results of a prospective,
multicenter, validation study demonstrated the assay’s ability to correctly identify the
majority of benign thyroid nodules, even when cytologically indeterminate, with sensitivity
of 90 % and specificity of 49-53 %. In the multicenter trial, this test was able to achieve a
negative predictive value (NPV) of 94-95 % and a positive predictive value (PPV) of 37—

38 %.

However, PPV and NPV values are not absolute. For any diagnostic test with a given
sensitivity and specificity, the NPV and PPV depend heavily on the pre-test prevalence of
malignancy in the population being studied. As the prevalence of malignancy rises, the PPV
increases and the NPV decreases. Thus, GEC performance could range widely depending on
an institution’s practice and the patients’ characteristics. Consequently, GEC performance in
a prospective trial may not be generalizable to all practice settings. In the present study, the
performance of GEC at two institutions—each with a high volume of thyroid cytopathology
but with differing prevalences of malignancy—was evaluated.

MATERIALS AND METHODS

We performed a retrospective analysis of all ITNs evaluated with the Afirma GEC assay at
Memorial Sloan Kettering Cancer Center (MSK) (/7= 94 nodules) or Mount Sinai Beth
Israel (MSBI) (7= 71 nodules) in New York City between February 2013 and December
2014. Both centers have a high volume of patients with thyroid nodules and thyroid cancer,
but have differing scopes of practice and thyroid patient referral patterns. MSK is a tertiary
referral cancer center, whereas MSBI operates as a comprehensive health care system. Of
the 94 MSK patients (94 nodules), 47 were internal patients with Afirma testing performed
at MSK, and 47 were external patients with Afirma testing already performed elsewhere. All
62 MSBI patients (with 71 nodules) were internal cases. We previously analyzed ITNs at
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each institution and reported the prevalence of malignancy in ITNs as 30-38 % at MSK and
10-19 % at MSBI.

All reports followed the diagnostic scheme proposed by the Bethesda System for Reporting
Thyroid Cytopathology: and were generated by dedicated, fellowship-trained thyroid
cytopathologists at each institution. Surgical pathology results for each nodule were
correlated with FNA/GEC findings by matching the biopsied nodule to the resected nodule.
All incidental carcinomas observed elsewhere in the thyroid gland were excluded when
calculating the malignancy rates. All patients with additional nodules harboring nodules that
were categorized as Bethesda V (suspicious for malignancy) or Bethesda VI (malignant)
were excluded, as were those without documented follow-up.

These data were used to calculate the GEC-benign call rate (the percentage of GEC tests that
resulted in a “benign” diagnosis) and the PPV (true positives divided by the number of GEC-
suspicious results). The NPV could not be calculated directly because the GEC-benign
nodules generally were not treated surgically. The NPV, PPV, and benign call rate were all
modeled via Bayes Theorem, permitting comparison of the anticipated and the observed
benign call rate and the PPV as well as estimation of the expected NPV. Bayes Theorem is a
technique that allows one to calculate the probability of disease given the results of an
imperfect test. This analysis incorporates the pre-test probability of disease (e.g., the
prevalence of cancer in ITNs) and the characteristics of the test (sensitivity and specificity).
If these values are known, Bayes Theorem permits calculation of the probability of disease
given a positive or a negative test result. These numbers are the PPV and NPV of a
diagnostic test.

Sensitivity and specificity data were based on figures reported by Alexander et al. To avoid
bias from patients specifically referred to an institution for surgery for a GEC-suspicious
result, only nodules worked up internally were used to calculate the benign call rate.
Confidence intervals were calculated based on a Poisson distribution. This study was
reviewed and deemed exempt by both the MSK and MSBI institutional review boards.

RESULTS

Trends in the estimated performance characteristics of the GEC (benign call rate, PPV, NPV)
based on pre-test probability (the prevalence of malignancy in ITNs) and test characteristics
(sensitivity and specificity) are shown in Fig. 1. Other patient and nodule characteristics
were similar at the two institutions (Table 1).

In all, 94 patients, each with one ITN, were identified at MSK. Among the internally worked
up (non referral) MSK patients, 18 had a GEC-benign nodule and 29 had a GEC-suspicious
nodule. At MSBI, 62 patients (71 ITNs) were identified during the study period. Among
these 62 patients, 29 had one GEC-benign nodule, 24 had one GEC-suspicious nodule, and 9
had two ITNs that were sent for GEC evaluation: two patients with two GEC-suspicious
nodules, one patient with two GEC-benign nodules, and six patients each with one GEC-
benign and one GEC-suspicious nodule.
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Cytological evaluation showed that 67.0 % (MSK) and 56.3 % (MSBI) were Bethesda 111
nodules. Among the surgical cases that were found to be malignant, 62.5 % (15/24) at MSK
were a follicular variant of papillary thyroid carcinoma, whereas 33.3 % (1/3) were this type
of carcinoma at MSBI (Fig. 2).

The GEC-benign call rate was 38.3 % at MSK compared with 52.1 % at MSBI. Among the
GEC-benign nodules, 8.3 % (2/24) at MSK and 13.5 % (5/37) at MSBI underwent surgery
despite the benign GEC result. Indications for surgery were enlarging nodule size,
compressive symptoms, or an additional nodule that was GEC-suspicious. In both
institutions, all resected GEC-benign nodules were declared benign based on their surgical
pathology. Among the GEC-suspicious nodules, 60.0 % (42/70) at MSK and 61.7 % (21/34)
at MSBI had undergone surgery at the time of analysis (Fig. 2).

After matching GEC data of the biopsied nodule to the final surgical pathology of the same
nodule, the PPV of a GEC-suspicious result was 57.1 % [95 % confidence interval (CI)
41.0-72.3] at MSK and 14.3 % (95 % ClI 4.1-35.5) at MSBI (Fig. 2). These numbers do not
include incidental carcinomas separate from the biopsied nodule (among the resected glands
with benign biopsied nodules, there were eight incidental carcinomas at MSK and two at
MSBI). The estimated NPVs were 86-92 % (MSK) and 95-98 % (MSBI). The observed
benign call rates and PPVs were similar to those predicted by Bayes Theorem (Fig. 1).
Based on the known prevalence of malignancy at MSK, the expected benign call rate was
35-38 % (actual: 38.3 %), and the estimated PPV was 44-55 % (actual 57.1 %). At MSBI,
the estimated benign call rate was 43-47 % (actual 52.1 %), and the estimated PPV was 15—
30 % (actual 14.3 %). The wide variance in GEC performance depended on the pre-test
probability of malignancy, as shown in Fig. 3.

DISCUSSION

This study characterized the variable clinical performance of the Afirma gene expression-
based molecular assay for determining the risk of cancer in ITNs. We compared the
performance of this test at two institutions in New York City that have high-volume thyroid
cytopathology programs but differing patient referral patterns—and therefore differing
prevalences of malignancy in ITNs. At MSK, a cancer referral center, the prevalence of
malignancy was approximately double that at MSBI, which is a comprehensive health care
system. We showed that this difference leads to wide variation in the performance of the
GEC test for ITNs.

Comparing data from the two institutions, we found wide variation in the benign call rate,
PPV, and NPV of the GEC assay. We found that the observed benign call rate and PPV
figures varied widely between the two institutions but were in line with predicted values
(Fig. 1). At both institutions, the GEC results did not routinely alter management of ITNs.
At MSBI, where the pre-test probability of an ITN being cancer was low, the GEC results
(whether benign or suspicious) could confirm only that the probability of cancer was low. At
MSK, the pre-test probability of an ITN being cancer was higher, leading to the inability of a
GEC-benign result to rule out cancer with sufficient NPV (Fig. 2). The efficacy of the GEC
is therefore variable from one institution to another, in contrast to Alexander et al.’s initial
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report. These findings have significant implications for different practice settings. That is,
the test in isolation may not provide sufficient information to alter management in
institutions where the prevalence of malignancy in ITNs differs from the initially described
validation cohort.

Molecular testing has gained acceptance as physicians seek better characterization of the
escalating number of thyroid nodules diagnosed, with the goal of avoiding unnecessary
interventions. Such molecular testing includes assays with a high PPV (to “rule in” cancer in
ITNs), such as ThyGenX (Interpace Diagnostics, Parsippany, NJ), formerly known as the
Asuragen miRinform panel. This assay evaluates the presence of BRAFand RAS mutations
and rearrangements of RET/PTC and PAX8/PPARYy. The Veracyte Afirma GEC test is
marketed as a “rule out” test for cancer in ITNSs. It applies a benign gene expression profile
using a panel of 167 genes assessed in mMRNA isolated from a fine-needle aspirate. ThyroSeq
v.2 (CBLPath, Ocala, FL) uses next-generation sequencing to test for characteristic point
mutations and genetic fusions. This test appears to offer high NPVs and PPVs for thyroid
cancer.

With any diagnostic assay, the sensitivity and specificity are characteristics intrinsic to the
test. The “real world” performance of the test, measured in terms of PPV and NPV, depends
heavily on the prevalence of disease in the population under study. Early data from several
institutions has shown variable performance of the Afirma GEC..~— Some have suggested that
this variability could indicate that the sensitivity and specificity of the GEC may be different
than previously reported. Our data, however, showed that the PPV and NPV obtained match
very closely with the predicted PPV and NPV, given the known prevalence of malignancy at
each institution and the reported sensitivity and specificity of the test. Thus, we believe that
clinicians can predict GEC efficacy at their institution based on the prevalence of
malignancy in thyroid nodules at that institution.

Importantly, the efficacy of the Afirma GEC relies on its performance across different
practice settings (Fig. 1). First, the ability of the test to potentially avoid surgery (with a
GEC-benign result) is based on the benign call rate. This metric steadily declines from 50 to
25 % as the prevalence of malignancy in ITNs increases from 0 to 60 %. Second, the test’s
efficacy as a “rule out” test is based on its NPV. If an NPV >95 % is desired, it can best be
anticipated in practice settings where the prevalence of malignancy in ITNs is <21 %. Third,
in practice settings where the prevalence of malignancy is low, the post-test probability of
malignancy (with a GEC-suspicious result) remains low (Fig. 3). This means that the test
provides no additional information and merely confirms that the risk of cancer is low. For
example, if the prevalence of malignancy at an institution is 10 %, the predicted PPV would
only be 17 %. If a PPV of >25 % were desired, it could be expected in a practice setting
where the prevalence of malignancy is >15 %.

Therefore, the Afirma GEC would be expected to provide the most useful information in a
practice setting with a prevalence of malignancy in ITNs of 15-21 %. In this scenario, the
performance characteristics would be predicted to approximate those reported by Alexander
et al. The test may still provide some useful information in settings where the prevalence of
malignancy is at 12-25 %. Outside this range, however, the test seems unlikely to provide
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information that would alter management. In populations with a pre-test probability of

<12 %, the PPV would be predicted to be <20 %, and therefore the risk of cancer remains
low regardless of the GEC result. In populations with pre-test probability >25 %, the NPV is
predicted to be <94 %, and so the test would fail to achieve the 95 % standard for a “rule
out” test described in the National Comprehensive Cancer Network guidelines. These
numbers are only predictors of performance. The actual efficacy of the GEC may vary.
These calculations do, however, explain why the Afirma GEC did not provide information
sufficiently effective to alter management at either MSK or MSBI. The prevalence of
malignancy at either institution was not within the ideal range.

There are several caveats to this analysis. We do not know the true status of the majority of
GEC-benign nodules that did not undergo surgery for confirmation, so we could only
estimate the NPV. We based our estimates of test performance (Fig. 1) on the sensitivity and
specificity of the Afirma GEC as reported by Alexander et al. These figures may vary
somewhat across practice settings, perhaps based on institutional differences in
cytopathologic classification of ITNs. We did find, however, that our observed values
correlated well with predicted values at both MSK and MSBI, indicating that the sensitivity
and specificity are likely to be close to the values reported and that variations in performance
are less likely to be attributable to other sources such as differences in cytopathology. Both
MSK and MSBI have high-volume, dedicated thyroid cytopathology programs, although
some inter-institutional variation in thyroid cytopathology interpretation is inevitable.
Outside of our two institutions, there may be wider variation in cytopathology and therefore
wider variation in GEC performance. Indeed, this study probably underestimates the range
of GEC performance in the community. With different practice patterns, referral patterns,
prevalences of malignancy, and cytopathological variations, there may be even greater
variance in observed GEC performance characteristics and efficacy.

CONCLUSIONS

Knowledge of the prevalence of malignancy in ITNs at a particular institution is critical for
reliable interpretation of GEC results. The variation seen at the two institutions in our study
suggest that GEC performance is not necessarily reproducible in all settings. Our data
suggest, however, that the efficacy of the GEC assay can be predicted based on knowing the
prevalence of malignancy in ITNs. We conclude that molecular data should not be used in
isolation to drive clinical decision-making. It is best integrated with patient, radiological, and
cytopathological factors to best guide management.
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FIG. 1.
a Estimated gene expression classifier (GEC) performance characteristics based on the

prevalence of malignancy, with GEC sensitivity of 90 % and specificity 51 %. PPV positive
predictive value; NPV negative predictive value, BCR benign call rate (percentage of
indeterminate nodules that are GEC-benign). b Actual benign call rate (BCR) and PPV
values at Memorial Sloan Kettering Cancer Center (MSK) and Mount Sinai Beth Israel
(MSBI)
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8% (224) 92% (22/24) 60% (42/70) 40% (28/70)
Benign Malignant Benign Malignant
100% (2/2) 0% (0/2) 43% (18/42) 57% (24/42)
FVPTC: 63% (15/24)
PTC: 25% (6/24)
Poorly diff. PTC: 4% (1/24)
HCC: 4% (1/24)
MTC: 4% (1/24)
FIG. 2

B MSBI
ITN (n=71)
[Bethesda IIT = 40]
[Bethesda IV = 31]
GEC-Benign GEC-Suspicious
52% (37/71) 48% (34/71)
Surgery No Surgery Surgery No Surgery
14% (5/37) 86% (32/37) 62% (21/34) 38% (13/34)
Benign Malignant Benign Malignant
100% (5/5) 0% (0/5) 86% (18/21) 14% (3/21)
FVPTC: 33% (1/3)
PTC: 33% (1/3)

HCC: 33% (1/3)

Management of indeterminate thyroid nodules at (a) MSK and (b) MSBI. /7N indeterminate
thyroid nodules, GEC gene expression classifier, /nternal patients undergoing workup and

Afirma evaluation at MSK or MSBI, in contrast to patients referred already with workup and
Afirma evaluation completed, FVPTC follicular variant of papillary thyroid carcinoma, PTC
papillary thyroid carcinoma, Poorly diff. poorly differentiated, #CC Hurthle cell carcinoma,
MTC medullary thyroid carcinoma

Ann Surg Oncol. Author manuscript; available in PMC 2016 June 28.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Marti et al.

y of malignancy

ity

Probabil

60%

50%

40%

30%

20%

10%

0%

Page 10

- m Pre-test probability

Post-test probability (Negative test)

m Post-test probability (Positive test)

ANl

MSK MSBI Alexander et al

FIG. 3.
Comparative pre-test and post-test probability of malignancy. Pre-test probabilities of

malignancy at MSK and MSBI were substantially different from those of Alexander et al.,
leading to wide variation in GEC clinical performance. Post-test probability (negative test)
represents the probability of malignancy given a GEC-benign result, or 1-NPV. Post-test
probability (positive test) represents the probability of malignancy given a GEC-suspicious
result, or PPV
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TABLE 1

Comparison of MSK and MSBI demographic and performance characteristics

Characteristic MSK  MSBI
No. of patients 94 62
Female (%) 66 72
Mean age (years) 49 56
No. of nodules 94 71
Mean nodule size (cm) 2.1 2.3
% GEC-benign nodules that were malignant 0 0

% GEC-suspicious nodules that underwent surgery  60.0  61.7

MSK Memorial Sloan Kettering Cancer Center, MSB/ Mount Sinai Beth Israel, GEC gene expression classifier
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