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24.7%, and 64.7% for primary tumors and 9.8%, 12.6%, and 77.6% for metastatic tumors, respectively.
HER?2 ITH occurred in 44% of HER2-positive primary tumors. Low agreement of HER2-positive sta-
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and was associated with the presence of HER2 ITH in the primary tumor (Fisher’s exact P = 0.048).
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in metastasis-free survival or overall survival were observed in accordance with HER?2 status defined
by either the primary or metastatic lesion. These findings are likely to impact patient selection for
HER?2 targeted therapies in UC. Confirmation and evaluation of the clinical significance of HER2
discordance is warranted, preferably in the context of a clinical trial.

© 2020 Elsevier Inc. All rights reserved.

1. Introduction

Human epidermal growth factor receptor 2 (HER2) is an
oncogenic receptor tyrosine-kinase and known drug target
that is overexpressed in 5—10% of urothelial carcinomas
(UCs) [1,2]. Agents targeting HER2 are routinely used to
treat breast cancer (BC) and gastroesophageal cancer
(GEC), but trials of these drugs in UC have shown no
meaningful benefit [3—7]. Still, some patients experience
robust responses and, as newer HER2-targeted drugs show
promise, there is renewed interest in targeting HER2 in
advanced UC [8—10].

HER?2 protein overexpression, determined by immuno-
histochemistry (IHC), and ERBB2 gene amplification,
quantified by in situ hybridization (ISH), are predictive
biomarkers of benefit from HER2-targeted agents in BC
and GEC [11,12]. HER2-positive disease has been classi-
fied in BC and GEC as those tumors showing 3+ protein
overexpression in >10% of tumor cells or ERBB2 gene
amplification [11], although these definitions have been
variably applied and poorly validated in UC. In large data
sets, high concordance between 3+ protein expression by
IHC and gene amplification in UC has been observed
[1,2,11]. Heterogeneous intralesional HER2 expression has
also been observed in UC; however, the clinical signifi-
cance of this finding remains unknown [2,13—15].

In BC and GEC, intratumoral heterogeneity (ITH) with
respect to HER2 expression/amplification has been variably
defined yet is consistently associated with lack of benefit
from HER2-targeted drugs, suggesting tumors with ITH
more readily lose the HER?2 target [16—20]. Given that ITH
has been observed in UC, loss of HER2 overexpression
between primary and metastatic sites could be responsible
for failed trials of HER2-targeted agents in metastatic UC
when HER?2 testing is performed only on primary tumors
[21]. This hypothesis is supported by prior biomarker ob-
servations from our group, in which discordant PD-L1
expression between primary and paired metastatic lesions
was noted [22].

HER?2 status is moderately to highly concordant be-
tween primary and metastatic lesions in BC and GEC
[23—25]. In UC, previous publications also observed at
least moderate concordance, but these studies applied
nonuniform definitions of HER2 status and were limited
to small sample sizes that only examined synchronous,
regional lymph node metastases at cystectomy

[13,14,26—28]. Based on the premise that interlesional
HER?2 expression can vary, testing in distant or meta-
chronous UC lesions may more accurately describe met-
astatic biology as a result of temporal and spatial
heterogeneity and provide more accurate predictive value
for the use of HER2 targeted agents in UC.

Currently, no data exist describing HER2 expression
patterns in primary and distant metastatic sites in advanced
UC. Therefore, we sought to characterize HER2 expression
in a large cohort of patients with metastatic UC using only
metachronous or distant metastases and paired primary
tumors. Given the failure of HER2-targeted therapeutic
trials in UC to date and the association of ITH with lack of
benefit from HER2-targeted therapies in other tumors, we
hypothesized that discordant HER2 expression between
primary and distant metastatic lesions might be common in
UC.

2. Materials and methods

2.1. Patients and specimens

This research protocol was approved by the institu-
tional review board (Advarra). Patients with metastatic
UC treated between January 1, 2007 and February 1, 2018
were identified from an institutional tumor database as
previously described [22]. We identified 149 subjects with
archival metastatic tumor specimens; paired primary
bladder tumor specimens were obtained when available.
Six metastatic tissue samples were subsequently deemed
inadequate quality for analysis, leaving a final cohort of
79 pairs of primary and metastatic specimens, 64 un-
paired metastatic specimens, and 6 unpaired primary
specimens.

Primary tumors included specimens obtained by cys-
tectomy or transurethral resection. Metastatic lesions
included excisional biopsies, core-needle biopsies, fine
needle aspirate (FNA) cell blocks, and body cavity
washing cell blocks. Synchronous, regional lymph nodes
extracted at cystectomy were excluded from testing.
Metastatic biopsies were defined as synchronous if ob-
tained < 60 days after the primary tumor biopsy, and
metachronous if > 60 days apart. Hematoxylin and eosin
stained slides were reviewed by two pathologists with
genitourinary oncologic expertise (C.L., A.H.) to confirm
diagnosis and assess adequacy for HER2 testing. Samples
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containing > 100 viable tumor cells were considered
adequate for analysis.

2.2. Immunohistochemistry

Formalin-fixed paraffin-embedded cell blocks were
sectioned at 4 microns on positively charged glass slides
and immunostained for HER2 using the FDA-approved
Ventana Pathway clone 4B5. Classification of HER2 status
was defined in accordance with the current 2018 ASCO/
CAP guidelines for BC [11]. HER2 ITH was defined in
accordance with guidelines for genetic heterogeneity of
HER?2 in BC but substituting strong positive (3+) staining
intensity in 5—50% of tumor cells for ERBB2 amplification
[11,29].

Among tumor pairs, concordant HER2 status was
defined as having the same status in both specimens.
Discordance between primary and metastasis was defined
as having positive status in either specimen and negative
status in the corresponding matched sample. Pairs in which
either tumor had HER2 equivocal status were labeled as
indeterminate.

2.3. Clinical data

Patient characteristics and cancer outcomes were ob-
tained by chart review. The date of definitive local therapy
was recorded as the first day of radiation treatment or the
date of cystectomy. Metastatic diagnosis was defined as the
first radiographic or pathologic confirmation of extravesical
disease, excluding definitively treated regional nodal
disease.

2.4, Statistics

Descriptive statistics were used to summarize patient
characteristics. Fisher’s exact test was performed to esti-
mate correlation of HER2 status between paired primary
and metastatic tumors and between ITH and loss of HER2
overexpression. To assess the degree of association of
percentage HER2 cell expression between primary and
metastatic lesions, Spearman’s correlation coefficient (p)
was estimated [22]. Cohen’s kappa (k) statistic was used to
evaluate concordance of HER2 status between matched
primary and metastatic tumors. A Kappa value less than
0 was considered to have no agreement; 0.01—0.20
considered low agreement; 0.21—0.40 considered fair
agreement; 0.41—0.60 considered moderate agreement;
0.61—0.80 considered substantial agreement; >0.80
considered almost perfect agreement [22].

For the survival analysis, metastasis-free survival
(MFS) was defined as the time from definitive local
therapy to the date of metastasis or death. OS was
measured separately for localized tumors (time elapsed
from local therapy to death) and metastatic tumors (time
from metastatic diagnosis to death). The probabilities of

MFS and OS were estimated via the Kaplan-Meier
method. Differences in MFS and OS between HER2
score groups were analyzed using a log-rank test.

3. Results

3.1. Patient and tumor characteristics

Demographic details for 149 patient samples are listed
in Table 1. There were 79 paired tumors and 70 unpaired
tumors: 64 metastatic and 6 primary tumors. The popula-
tion was primarily Caucasian (82%), male (82%), and
current or former smokers (75%). Primary tumor staging
was pTis (n = 3, 3.5%), pTa (n = 4, 4.7%), pT1 (n = 17,
20%), pT2 (n = 34, 40%), pT3 (n = 20, 24%), and pT4
(n = 7, 8.5%). A mixed variant histology was reported in
17 of 85 (20%) primary tumors. The most common meta-
static biopsy site was lymph node (30%), and the most
common nodal sites were retroperitoneal (n = 17),
inguinal (n = 7), and mediastinal (n = 7; see
Supplementary Table 1). Among paired biopsies, 85% were

Table 1 Patient characteristics.
Paired tumors, Unpaired Full cohort,
n (%) tumors, n (%) n (%)
Total subjects 79 70 149
Gender
Female 14 (17.7) 13 (18.6) 27 (18.1)
Male 65 (82.3) 57 (81.4) 122 (81.9)
Race
Black 13 (16.4) 10 (14.3) 23 (15.4)
Caucasian 62 (78.5) 60 (85.7) 122 (81.9)
Other/ 4 (5.0) 0 (0) 4 (2.7)
unknown
Current/former smoker
Yes 58 (73.4) 54 (77.1) 112 (75.2)
No 19 (24.1) 16 (22.9) 35 (23.5)
Unknown 2 (2.5) 0 (0) 2 (1.3)

Metastatic biopsy site”

Lymph node 22 (27.8) 21 (32.8) 43 (30.1)
Bone 18 (22.8) 10 (15.6) 28 (19.6)
Lung 14 (17.7) 10 (15.6) 24 (16.8)
Pelvic/GI 8 (10.1) 4 (6.3) 12 (8.4)
Liver 6 (7.6) 9 (14.1) 15 (10.5)
Brain 3 (3.8) 1(1.5) 4 (2.8)
Other 8 (10.1) 9 (14.1) 17 (11.9)
Metastatic biopsy type”
Excisional 28 (35.4) 13 (20.3) 41 (28.7)
Core needle 28 (35.4) 32 (50.0) 60 (42.0)
Fine needle 22 (27.8) 16 (25.0) 38 (26.6)
aspirate
Other 1(1.3) 3@4.7) 4 (2.8)
Metachronous 67 (84.8)
Synchronous 12 (15.2)

% 6 of 70 unpaired tumors were primary lesions.
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HER?2 status for primary and metastatic tumor biopsies
from the entire cohort is summarized in Table 2. Primary
tumors exhibited HER2 status of negative, equivocal, and
positive in 55 (64.7%), 21 (24.7%), and 9 cases (10.6%),
respectively. Metastatic tumors exhibited HER2 status of
negative, equivocal, and positive in 111 (77.6%), 18
(12.6%), and 14 (9.8%), respectively.

HER?2 ITH was observed in 4 of 9 (44%) HER2-positive
primary tumors and in 1 of 20 (5%) HER2-equivocal pri-
mary tumors. There was no observed ITH in 14 cases of
HER2-positive metastatic UC. Representative images of
HER2-positive and negative disease and HER2 ITH are
illustrated in Fig. 1A—C.

3.3. HER2 status in paired primary and metastatic
biopsies

Results from comparison of HER2 status in the 79
paired primary tumors and corresponding metastases are
shown in Table 3. A moderate correlation was observed for
percentage HER2 cell expression (p = 0.47, P < 0.001)
and for HER2 status (Fisher’s exact P = 0.036) between
primary and metastatic tumors due to the high prevalence
of HER2 negative biopsies. However, the level of agree-
ment for HER2-positive tumors was low (k = 0.193,

Table 2 HER?2 staining characteristics of all tumor specimens.

HER?2, human epidermal growth factor receptor 2.

P = 0.079). Among discordant tumor pairs, 5 of 9 (55%)
primary HER2-positive tumors were HER2-negative in the
metastatic setting, and 1 of 50 (2%) primary HER2-
negative tumors was HER2-positive in the metastasis.
Only 2 pairs were HER2-positive in both the primary and
metastatic settings. All discordant metastatic biopsies were
metachronous and were obtained >100 days after the pri-
mary tumor biopsy.

To assess the impact of ITH on HER2 discordance be-
tween primary and metastatic lesions, all tumors showing
any percentage of 3+ staining intensity and their corre-
sponding paired biopsies were examined. This consisted of
14 tumor pairs (Supplementary Table 2): 6 discordant, 2
concordant, and 6 indeterminate (due to an equivocal
lesion) pairs. All primary tumors with HER2 3+ staining
between 10% and 60% of tumor cells exhibited loss of
HER2 overexpression in the corresponding metastatic
lesion. In contrast, all tumors with HER2 3+ expression in
>70% of tumor cells maintained at least 2+ intensity in
>70% of tumor cells (equivocal status) in the paired le-
sions. ITH in the primary tumor was significantly

HER?2 status Primary tumors (n = 85)

Metastatic tumors (n = 143)

Total (%) HER2 ITH (%) Total (%) HER2 ITH (%)
Negative 55 (64.7) 0 (0) 111 (77.6) 0 (0)
Equivocal 21 (24.7) 1 (4.7) 18 (12.6) 0 (0)

Positive 9 (10.6) 4 (44) 14 (9.8) 0 (0)

ITH, intratumoral heterogeneity; HER2, human epidermal growth factor receptor 2.
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Fig. 1

Patterns of HER2 immunohistochemical staining. Representative photomicrographs of bladder tumor sections demonstrating
(A, x400) HER?2 positive and (B, x100) HER2 negative disease. Image C (x400) depicts spatial heterogeneity of HER2 expression. HER2,
human epidermal growth factor receptor 2.
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associated with loss of HER2 overexpression in the meta-
static site (Fisher’s exact P = (.048).

Six of nine HER?2 positive primary tumors harbored one
or more variant histologies, including glandular (n = 3),
signet ring (n = 1), plasmacytoid (n = 1), sarcomatoid
(n = 1), squamous (n = 1), and small cell (n = 1)
morphology. Five of the six corresponding paired meta-
static lesions were HER2 negative. HER2 expression
colocalized with histology in only tumor in which the
glandular variant lacked HER2 expression.

3.4. Clinical outcomes by HER2 status

HER?2 status has not been consistently associated with
adverse survival in prior UC data sets based on a single
biopsy for characterization [30], but given the poor agree-
ment of HER?2 status between primary and metastatic le-
sions observed in this study, we assessed the prognostic
value of HER2 status from both primary and metastatic
tumors separately. No differences in MFS were observed
according to HER2 score from either primary (Fig. 2a,
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Fig. 2

P = 0.349) or metastatic tumors (Fig. 2b, P = 0.733). OS
from the date of local definitive therapy was similar when
stratified by primary tumor HER2 score (Fig. 2c,
P = 0.707). Similarly, no differences in OS from the date
of metastatic diagnosis were observed when stratified by
HER?2 score in the metastasis (Fig. 2d, P = 0.467).

4. Discussion

Despite negative clinical trials to date, HER2 has
remained an appealing therapeutic target in UC to many
investigators based on anecdotal responses to HER2 tar-
geted agents, and contemporary clinical trials have
continued to use HER2 expression as a biomarker for pa-
tient selection. In our cohort, HER2-positive status
occurred in 10.6% of 85 primary tumors and 9.8% of 143
metastatic tumors, consistent with other large data sets [2].
HER?2 biomarker testing from pelvic nodal metastases has
been previously characterized and considered a surrogate
for metastatic lesions [13,14,26—28]. However, emerging

Equivocal — Positive

1.0
p=0.733
08
Z
2
E-] 06
2
o
]
2 0.4
2 Median MFS: 12.6 mos, 95% Cl: 8.2-14.8
a Median MFS: 16.4 mos, 95% CI: 4.2-34.5
Median MFS: 14.6 mos, 95% CI: 5.9-30.8
0.2
0.0
0 6 12 18 24 30 36 42 48 54 60 66 72 78 84
Free Survival
Number at risk
Negative| 56 38 29 15 13 9 5 5 5 4 3 3 3 1 0
_‘_'!Equwocalﬂ96554222111000
Posive1 5 4 3 1 1 1 0 0 0 O 0O O O 0 O

0 6 12 18 24 30 36 42 48 54 60 66 72 78 84

1.0
p =0.467

0.8
z
H
] 06
2
o
E 04
E Median OS: 8.9 mos, 95% CI: 5.9-10.8
3 Median OS: 11.6 mos, 95% CI: 4.7-26.2
A, Median OS: 8.1 mos, 95% Cl: 3.522.2

0.2

ML 4
T 11 T T I 1
0.0
0 12 24 36 48 60 72 84 96 108 120 132
Overall Survival (Months)
Number at risk
« Negative{ 111 42 18 10 7 3 3 2 | 0 0 0
8
g Equivocal{ 18 9 6 4 3 2 2 2 1 1 0 0
2
Positive 1 14 6 3 2 2 1 1 1 0 0 0 0

0 12 24 36 48 60 72 84 96 108 120 132

Kaplan-Meier curves by HER2 status. Panel A, MFS by primary tumor HER2 score. Panel B, MFS by metastatic tumor HER2

score. Panel C, OS from local therapy by primary HER?2 score. Panel D, OS from metastatic diagnosis by metastatic HER2 score. HER2,

human epidermal growth factor receptor 2.
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evidence suggests otherwise, and major genomic differ-
ences between nodal and distant metastatic sites can occur
as a result of divergent clonal evolution originating within
the primary tumor [21,31,32]. Consequently, sampling of
distant or metachronous metastatic sites may be necessary
for optimal testing of HER2 expression in advanced UC
lesions, especially in the context of clinical trial screening
with novel HER2-targeted agents.

In our cohort, we found that the rates of HER2 over-
expression in primary and metastatic tumors were similar.
However, agreement of HER2-positive status between
matched primary and metastatic sites was poor, especially
when ITH was present in the primary tumor. Loss of HER2
overexpression was frequent (55%), whereas gain of HER2
overexpression was rare (2%) in metastatic sites. These
findings contrast with results of other cohorts which re-
ported higher concordance and rare loss of HER2 over-
expression in nodal metastases [13,14,26—28]. However,
very limited data have been published describing HER2
expression patterns in paired primary and distant, meta-
chronous metastatic lesions, and our cohort represents the
largest reported series to date.

HER?2 expression in distant or metachronous metastatic
UC has been described in three small cohorts numbering 7,
12, and 43 patients [13,28,33]. These studies predate the
standardization of HER2 scoring for BC by ASCO/CAP
and included some cases in the HER2-positive groups that
would now be characterized as HER2 equivocal (24) [11].
Although the clinical relevance of this categorization has
not been validated in UC, it is known that ERBB2 gene
amplification is very uncommon in UC with equivocal
HER2 status [2]. The largest prior study, by Gardmark
et al., did observe loss of HER2 overexpression in 34% of
metastases, and HER2 concordance was inversely related to
the distance of the metastasis from the primary tumor [33].
These findings support the observation from our larger,
contemporary cohort that loss of HER2 overexpression is
higher in distant metastases than in locoregional nodes.

The clinical relevance of discordant HER2 expression in
advanced UC lesions remains undefined but has obvious
implications for the use and development of HER2-directed
therapies in this disease. In BC and GEC, HER2 testing is
often repeated in the metastatic setting because HER2
expression status changes in approximately 10% of tumors
[11,23—25]. Trials of HER2-targeted agents in metastatic
UC have allowed for HER2 testing on archival primary
tumor specimens. The observations from our cohort suggest
that patients with HER2-negative metastatic disease,
despite HER2-positive primary tumors, may have partici-
pated in these studies, which may have negatively
confounded the trials’ results and led to an inaccurate
assessment of the drugs’ activities in patients with true
HER2-positive distant metastases. For example, two ran-
domized trials in advanced HER2-positive UC failed to

show benefit with the addition of HER2-directed therapy
[5,6]. In both studies, archival tissue from the primary
bladder tumor was principally used for characterization of
HER?2 status to determine molecular eligibility of patients
to be enrolled in the study. Although the results of these
two clinical trials imply that HER2-targeted therapies may
be less effective in HER2-positive UC compared with BC
or GEC, our study findings raise an alternate possibility that
the metastatic disease burden of many patients enrolled in
these studies may have lost HER2 expression and thus were
unlikely to respond to HER2-targeted therapies.

We defined ITH in our study as HER2 3+ intensity
expressed in 5—50% of tumor cells to match the definition
for genetic heterogeneity in HER2-positive BC (defined as
HER?2 amplification by ISH in 5—50% of tumor cells) [29].
ITH was more common in primary positive tumors than in
metastatic positive tumors in our data set and may be a
reflection of the high degree of histologic and genomic
heterogeneity previously reported in primary UC [21,31].
Given these findings, we hypothesized that primary tumors
with HER2 ITH would be more likely to show discordant
expression within metastatic lesions. As anticipated, all
primary HER2-positive tumors with ITH, including those
with up to 60% tumor cell expression, were HER2-negative
in the metastatic setting, whereas no primary tumors with
>70% expression showed loss of expression in metastatic
site biopsies in this cohort. Loss of HER2 overexpression
was also observed at a high rate among primary HER2
positive tumors with mixed variant histology, suggesting
that other measures of ITH may also predict for HER2
discordance. Similar observations have been reported in BC
and GEC, in which HER2 ITH has been associated with
attenuated benefit from HER2-targeted therapies [16—20].
Thus, we propose that primary tumor HER2 ITH in UC
may serve as a biomarker to identify patients at risk for
discordant expression in metastatic sites and potentially
lack of response to HER2 targeted therapies. Because
HER2 ITH may be prevalent in primary UC, further
investigation to validate these findings and the potential
impact on the use of HER2-directed therapies should be
pursued.

Neither HER2 overexpression nor ERBB2 amplification
in primary UC have been consistently associated with
prognosis or response to therapy [30]. We sought to
determine whether the lack of prognostic value of HER2
status in UC might be influenced by expression discor-
dance. We examined MFS and OS outcomes by HER2
status from both the primary and metastatic lesions sepa-
rately and found no differences in outcome (Fig. 2). Our
findings reinforce prior observations that HER2 status is
not prognostic in advanced UC, though we also note that
due to the size of our cohort, we ultimately cannot make
definitive conclusions about the prognostic value of HER2
based on the tumor site used for HER2 classification.
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We acknowledge several limitations to our study.
Despite reporting the largest cohort of paired distant me-
tastases to date, the overall low incidence of HER2 over-
expression in UC might affect the robustness of statistical
tests and limit the generalizability of our findings. Second,
without ISH testing for ERBB2 amplification, we were
unable to reclassify any HER2 equivocal tumors as positive
which is routinely performed for BC and GEC. Most
studies in UC, including an analysis of 1005 primary tu-
mors, have reported that ERBB2 amplification occurs
almost exclusively in IHC positive tumors [2]. Further-
more, the biological relevance of ERBB2 amplification
without concurrent HER2 overexpression is unknown and
has been questioned by a recent study suggesting that loss
of HER2 expression in amplified tumors occurs through
secondary genetic or epigenetic events [34]. Third,
nonsurgical biopsies represented approximately two-thirds
of metastatic biopsies in our cohort. However, the accu-
racy of HER2 testing in nonsurgical biopsies has been
extensively evaluated in both BC and GEC, where >95%
concordance is reported for core biopsies, FNA cell blocks,
and surgical specimens when modern fixation techniques
are used [11,12,35]. Thus, we believe HER?2 testing using
non-surgical biopsies to be appropriate. Finally, HER2
overexpression and ERBB2 genomic aberrations have been
reported at high frequencies in micropapillary UC, a rare
histologic variant which carries a particularly poor prog-
nosis [15,36,37]. Given that no cases of micropapillary UC
were included in this study, our findings should not be
generalized to this population and require confirmation in a
separate cohort.

5. Conclusions

HER2-positive primary UC with ITH frequently shows
loss of overexpression in metastatic sites. Loss of the HER2
target in metastatic disease may be clinically significant in
predicting lack of response to HER2-targeted therapy.
Future clinical trials assessing the efficacy of HER2-
targeted therapy in metastatic UC should assess for HER2
ITH and make efforts to test HER2 status in both archival
primary specimens and new metastatic biopsies to account
for temporal and spatial heterogeneity of HER2
overexpression.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.humpath.2020.10.006.
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