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Abstract

Highly effective systemic treatments have globally improved outcomes in meta-
static clear-cell renal cell carcinoma (m-ccRCC). However, despite many efforts,
reliable biomarkers predicting individual responses are currently lacking.
Moreover, mixed responses are commonly observed. We hypothesized that molec-
ular heterogeneity between primary tumors and their metastases could flaw bio-
marker research based on features of the primary tumor and explain mixed
responses. Therefore, we studied the heterogeneity of the ccrcc1–4 molecular sub-
types across patient-matched primary and metastatic lesions over time in 62
patients with m-ccRCC who underwent both nephrectomy and metastasectomy.
These subtypes characterize underlying disease biology and are associated with
outcomes in both the primary and metastatic settings. We observed a concordance
rate of 58% (95% confidence interval 45–71%). This concordance was not affected by
the interval between nephrectomy and resection of the metastatic lesion. Across
discordant pairs, the metastatic lesions mostly exhibited a less favorable molecular
subtype. Moreover, primary tumors with the favorable ccrcc2 molecular subtype
were characterized by favorable prognosis and a long interval between nephrec-
tomy and metastasectomy. Conversely, tumors with the unfavorable ccrcc4 molec-
ular subtype relapsed quickly and had poor prognosis. Thus, the considerable
molecular heterogeneity between patient-matched m-ccRCC primary and meta-
static lesions provides an explanation for mixed responses to systemic therapy
and could impact the development of biomarker studies in which the primary
tumor is often considered a surrogate for metastatic disease.
Patient summary: We studied primary tumors and metastases from patients with
kidney cancer and found considerable heterogeneity in their molecular features.
This heterogeneity explains mixed responses to systemic therapy and is important
to take into account in future biomarker studies for this disease.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY license (http://creativecommons.

org/licenses/by/4.0/).
In recent years, novel and highly effective systemic
treatments for metastatic clear-cell renal cell carcinoma
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(m-ccRCC) have revolutionized the treatment landscape
and globally improved outcomes for patients [1]. However,
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Table 1 – Baseline characteristics

Parameter Result

Patients (n) 62
Median age at nephrectomy, yr (interquartile range) 62 (53–67)
Male, n (%) 44 (71.0)
Synchronous metastases at nephrectomy, n (%) 27 (43.6)
Median number of metastases resected, n

(interquartile range)
1 (1–2)

Molecular subtype of the primary tumor, n (%)
ccrcc1 13 (21.0)
ccrcc2 40 (64.5)
ccrcc3 1 (1.6)
ccrcc4 8 (12.9)

Metastases (n) 121
Molecular subtype of metastases, n (%)
ccrcc1 12 (9.9)
ccrcc2 66 (54.6)
ccrcc3 5 (4.1)
ccrcc4 38 (31.4)

Location of resected metastases, n (%)
Lung 32 (26.5)
Nonregional lymph nodes 25 (20.7)
Contralateral kidney 10 (8.3)
Contralateral adrenal gland 10 (8.3)
Bone 10 (8.3)
Pancreas 6 (5.0)
Brain 4 (3.3)
Thyroid 4 (3.3)
Gingiva 3 (2.5)
Ipsilateral retroperitoneum 3 (2.5)
Skin 3 (2.5)
Intestine 2 (1.7)
Liver 2 (1.7)
Pleura 2 (1.7)
Gall bladder 1 (0.8)
Ovary 1 (0.8)
Ureter 1 (0.8)
Peritoneal 1 (0.8)
Epidural 1 (0.8)
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despite many efforts, reliable biomarkers predicting the
response in individual patients are currently lacking. More-
over, mixed responses are commonly observed. A better
understanding of molecular heterogeneity between primary
tumors and their metastases is crucial to predict these
response patterns and ultimately guide biomarker develop-
ment with respect to personalized medicine.

Molecular subtypes have emerged as a way to character-
ize underlying disease biology and potentially guide thera-
peutic decision-making. We previously described four
molecular subtypes of ccRCC that are associated with out-
comes in both the localized and metastatic settings for
patients receiving systemic therapy and patients undergo-
ing surgical metastasectomy [2–5]. In brief, we found that
the ccrcc2 and ccrcc3 subtypes have favorable prognosis,
with the ccrcc2 subtype characterized by heightened
angiogenesis-related gene expression signatures and better
responses to angiogenesis inhibitors. Tumors of the ccrcc3
subtype exhibit an expression profile similar to that of nor-
mal kidney tissue. The ccrcc1 and ccrcc4 subtypes have
intermediate and poor prognosis, respectively. While they
both show relative upregulation of Myc targets, the ccrcc4
subtype is characterized by high expression of immune-
related gene expression signatures and is enriched in sarco-
matoid features, a feature associated with better response
to immune checkpoint inhibition [2–4].

Brannon et al. [6] described the ClearCode34 ccA and ccB
molecular subtypes, which are associated with favorable
and unfavorable prognosis, respectively. Serie et al. [7] stud-
ied the ClearCode34 ccA and ccB molecular subtypes in 81
patient-matched primary and metastatic lesions and
reported that these subtypes differed 43% of the time
between the primary tumor and the metastasis. Thus, when
comparing two molecular subtypes, the chance of finding a
concordant molecular subtype was close to the result for
flipping a coin, suggesting that the primary tumor might
not be a good surrogate for the metastatic lesions at all.
Therefore, we aimed to provide more granular data on
heterogeneity between primary tumors and matched meta-
static lesions by studying the four ccrcc molecular subtypes
of primary tumors and patient-matched metastases over
time.

We collected archived formalin-fixed, paraffin-
embedded (FFPE) tissue specimens from 62 patients with
m-ccRCC who underwent nephrectomy at our institution
between 1998 and 2018 and who had tissue available from
both the primary tumor and at least one metastasis. We
performed whole-transcriptome RNA sequencing to deter-
mine the ccrcc molecular subtypes for the 62 primary
tumors and 121 metastases as previously described [3,4].
Of note, all metastasis tissue was obtained via surgical
metastasectomy, which entails a general selection bias
towards patients with more favorable characteristics [8].

The baseline characteristics of our cohort are shown in
Table 1. Of the primary tumors, 13 (21.0%) were ccrcc1, 40
(64.5%) were ccrcc2, one (1.6%) was ccrcc3, and eight
(12.9%) were ccrcc4. Fig. 1 shows a swimmer plot depicting
the resected metastases over time and their ccrcc molecular
subtype. Clearly, patients with a primary tumor of the
favorable ccrcc2 subtype are characterized by a clinical dis-
ease course with long overall survival (median 74 mo) and a
long interval between resection of the primary tumor and of
the metastatic lesion(s) (median 19 mo). Conversely,
patients with a ccrcc4 primary tumor had poor overall sur-
vival (median 20 mo) and a short time between resection of
the primary and the metastasis (median 0 mo).

We calculated the ccrcc molecular subtype concordance
between the primary tumor and the first resected metasta-
sis. If multiple metastases resected at the same time point
had discrepant molecular subtypes, the observation was
considered discordant. The 95% confidence intervals (CIs)
were calculated using the Clopper-Pearson exact method.

Out of the 62 pairs, 36 (58%) were concordant (95% CI
45–71%). Out of the 26 discordant pairs, 18 (69.2%)
switched to a more unfavorable subtype in at least one of
the resected metastases, while six (23.1%) switched to a
more favorable subtype and two (7.7%) switched between
the ccrcc2 and ccrcc3 subtypes, which both have favorable
prognosis. The fact that discordant subtypes more often
switch to a more aggressive subtype is in line with the Serie
study which reported a switch from the favorable ccA to the
unfavorable ccB subtype in 80% of discordant cases.

However, concordance analysis does not consider the
effect of time. To assess whether the concordance rate
depends on the time between resection of the primary
tumor and the metastasis, we performed logistic regression
with molecular subtype concordance between the primary
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Fig. 1 – Swimmer plot depicting results for 62 patients with formalin-fixed, paraffin-embedded tissue available from both the primary tumor and at least one
metastatic lesion. Each line represents a single patient. The length of the grey bars represent the overall survival of each patient following nephrectomy, with
an arrowhead at the end indicating whether the patient is still alive. The symbols represent the timing and ccrcc molecular subtype of each surgical
metastasectomy specimen.
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tumor and metastasis as the dependent variable and time as
the independent variable. This showed no significant
impact of the time to the first metastasectomy on the con-
cordance (odds ratio 1.0, 95%CI 0.98–1.01; p = 0.79).

We did not assess molecular heterogeneity within the
same primary tumor in our study, which poses an addi-
tional challenge for routine use of tissue-based biomarkers.
This issue might be addressed in the future with the use of
imaging-based biomarkers, providing whole-tumor virtual
biopsies [9]. Moreover, it has been shown that tumors with
higher intratumoral heterogeneity often exhibit a disease
course that is characterized by attenuated progression and
gradual acquisition of metastatic competence [10]. Con-
versely, primary tumors with low intratumoral heterogene-
ity and a monoclonal structure often exhibit rapid disease
progression to multiple disease sites.

Thus, while our study is limited by the long time period
for patient inclusion, the fact that all patients included
underwent both nephrectomy and metastasectomy pro-
vides more granular data on the considerable heterogeneity
between primary tumors and matched metastases from m-
ccRCC. This heterogeneity might provide an explanation for
mixed responses to systemic therapy. Moreover, this is an
important consideration for the development of biomarker
studies in which the primary tumor is considered a surro-
gate for metastatic lesions and our findings underscore
the value of tissue sampling of metastatic sites if tissue-
based biomarkers might direct therapeutic decision-
making in the future.
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