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Abstract
Background—Sunitinib is a standard of care treatment in advanced clear-cell renal cell
carcinoma (ccRCC). Retrospective and expanded access data suggest sunitinib has activity in
advanced non-clear cell RCC (nccRCC).

Objective—To prospectively determine the clinical efficacy and safety of sunitinib in patients
with advanced nccRCC.

Design, Setting, and Participants—This is a single-arm phase 2 trial with a two-stage
design. Eligibility criteria included pathologically confirmed nccRCC or ccRCC with ≥ 20 percent
sarcomatoid histology, performance status 0–2, measurable disease, maximum 2 prior systemic
therapies, and no prior treatment with tyrosine kinase inhibitors directed against the vascular
endothelial growth factor receptors.

Intervention—Patients received sunitinib 50 mg daily on a 4-week on, 2-week off schedule.

Outcome Measurements and Statistical Analysis—Primary endpoints were objective
response rate (ORR) and progression-free survival (PFS). Secondary endpoints were safety and
overall survival (OS).

Results and Limitations—Fifty-seven patients were eligible [papillary (27), chromophobe (5),
unclassified (8), collecting duct or medullary carcinoma (6), sarcomatoid (7), others (4)]. Median
PFS for 55 evaluable patients was 2.7 months [95% CI: 1.4, 5.4]. Two patients with chromophobe
and one patient with unclassified histology had a confirmed partial response (5% ORR). Median
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PFS for patients with papillary histology was 1.6 months (95% CI: 1.4, 5.4). Median PFS for
patients with chromophobe histology was 12.7 months (95% CI: 8.5, NA). Median OS for all
patients was 16.8 months (95% CI: 10.7, 26.3). Treatment emergent adverse events were
consistent with sunitinib’s mechanism of action. The non-randomized design and small number of
patients are limitations of this study.

Conclusions—The differential response of chromophobe histology to sunitinib suggests a
therapeutically relevant biological heterogeneity exists within nccRCC. The low ORR and short
PFS with sunitinib in the other nccRCC subtypes underscore the need to enroll patients with these
diverse tumors on clinical trials.

Introduction
Of the estimated 64,000 cancers of the kidney and renal pelvis which will be diagnosed in
2012 in the US,1 approximately 80% will be clear-cell renal cell carcinoma (RCC), and 20%
comprised of non-clear cell subtypes, the most common of which is papillary RCC (pRCC),
but which also include chromophobe RCC, renal medullary carcinoma (RMC), collecting
duct carcinoma (CDC), and other subtypes recently incorporated in the World Health
Organization (WHO) classification. Each of these subtypes is morphologically unique, and
biologically distinct as well. Most of the recent clinical trials in RCC have either restricted
enrollment to patients with clear-cell RCC (ccRCC), or have reported small numbers of
patients with non-clear cell RCC (nccRCC), often without differentiating among the
heterogeneous group of non-clear cell subtypes.2–9 Sunitinib was one of the first tyrosine
kinase inhibitors (TKIs) to emerge in the treatment of RCC, and is currently a standard of
care in the first-line setting. Retrospective series and expanded access data suggest that
sunitinib may have efficacy in patients with nccRCC.10,11

By treating a histologically diverse population of nccRCC patients with a molecularly
targeted agent, our aim was to provide a therapeutic framework to improve our disease
classification, and to set the stage for a deeper understanding of the molecular biology of
these tumor subtypes.

Patients and Methods
The trial was approved by the institutional review board at MD Anderson Cancer Center
(MDACC), and complied with Good Clinical Practice guidelines, the Declaration of
Helsinki, and local laws. Patients provided written informed consent at enrollment.

Eligibility
Central histological confirmation by an expert genitourinary pathologist at MDACC of any
of the nccRCC subtypes recognized by the WHO classification was required. Patients who
had clear-cell RCC with at least 20% sarcomatoid features were permitted to enroll on this
trial. Patients were required to have adequate hematologic, hepatic, cardiac and renal
functions, Eastern Cooperative Oncology Group performance status (PS) 0–2, measurable
disease, maximum two prior systemic therapies, and no prior treatment with vascular
endothelial growth factor (VEGF) directed TKIs. Prior therapy with angiogenesis inhibitors,
other than anti-VEGF TKIs, was allowed.

Treatment Plan
Patients received sunitinib 50 mg orally, daily for 28 days, on a 4-week on, 2-week off
schedule. For patients who developed toxicity, doses were reduced in single decrements of
12.5 mg to a minimum dose of 25 mg daily, 4 weeks on, 2 weeks off. Patients continued on
study until progressive disease (PD), unacceptable toxicity, or withdrawal of patient consent.
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Diagnostic Evaluation and Assessment of Efficacy and Safety
Baseline evaluation included a history and physical examination, computed tomography
(CT) scans of the chest, abdomen and pelvis, and CT or magnetic resonance imaging of the
brain. Bone scans and/or bone surveys were obtained if clinically indicated. A 2D Doppler
echocardiogram and a 12-lead EKG were obtained at baseline and every 12 weeks while
patients were on study.

Imaging studies were performed every 6 weeks for the first two cycles, then every 12 weeks.
Tumor response was assessed using the Response Evaluation Criteria in Solid Tumors
(RECIST), version 1.0. Adverse events were graded using the National Cancer Institute
Common Toxicity Criteria version 3.0.

Statistical Analysis
The primary endpoints of the study were objective response rate (ORR) and progression-free
survival (PFS). Secondary endpoints were safety and overall survival (OS). A two-stage
design was used. The study was designed to result in termination if, after analysis of the first
20 patients, fewer than 2 patients had a partial response (PR), and there was a greater than
70% posterior probability that 75% or more patients would have PD by 12 weeks.

The distribution of each continuous variable was summarized by its mean, standard
deviation and range. For continuous variables [hemoglobin, platelet count, absolute
neutrophil count (ANC), albumin, corrected serum calcium, serum lactate dehydrogenase
(LDH)], values were considered abnormal, if they fell outside the upper or lower limits of
normal range for our laboratory. The distribution of each categorical variable was
summarized by its frequencies and percentages. Kaplan-Meier curves were used to estimate
unadjusted PFS and OS time distributions. The Log rank test and Cox proportional hazards
regression model were used to evaluate the various clinical and demographic factors
predictive of PFS and OS. Variables with p value < 0.15 in the univariable analysis were
included in the multivariable analysis for OS and PFS. Initially, a Cox proportional hazards
model was fitted including variables with p value < 0.15, then the backward selection
procedure was applied for model selection to identify independent significant prognostic
factors for OS or PFS. All analyses were carried out in SAS version 9.1 (Cary, NC) and S-
Plus version 8.04. (Palo Alto, CA). P values less than .05 were considered statistically
significant.

Results
Patient Characteristics

The study opened for enrollment in April 2007. At the designated interim analysis, the study
met criteria for continuation to full accrual. The study completed accrual in May 2010, with
a total of 61 patients enrolled. Two patients were ineligible (one had urothelial carcinoma of
the renal pelvis and one had ccRCC without sarcomatoid features); two patients (one with
RMC and one with type 2 pRCC) withdrew consent and never received sunitinib. Fifty-
seven patients received sunitinib and are included in this analysis. Patients’ characteristics
are summarized in Table 1A. Baseline laboratory variables are summarized in Table 1B.

Treatment Administration and Safety
All 57 patients were evaluable for safety and OS. The adverse events (AEs) noted in this
study were similar to those reported in previous trials; however, we observed higher rates of
grade 3 fatigue and hypertension than previously reported with sunitinib. The most common
grade 3 AEs were fatigue, hypertension, neutropenia, and thrombocytopenia (Table 2). One
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patient with sickle-thalassemia and RMC died suddenly while on study; autopsy was not
performed and cause of death is unknown.

Efficacy
Two patients with pRCC came off study prior to their first tumor evaluation for reasons
other than PD: one patient sustained a non-fatal myocardial infarction 12 days after starting
sunitinib, and one patient withdrew consent due to grade 3 rash after two doses of sunitinib.
Of the remaining 55 patients, one patient showed clinical PD before the first restaging scans
were obtained. The 54 patients with follow up scans had an independent masked radiology
review for assessment of tumor response. Overall, 43% of patients had some degree of
shrinkage of target lesions, with a median decrease of 14% (Figure 1). Three previously
untreated patients had a confirmed PR; two had chromophobe and one had unclassified
RCC. The rate of tumor shrinkage among the three responders was slow. Time to PR was
9.7 months and 14.9 months for each of the responders with chromophobe RCC, and 12.6
months for the responder with unclassified RCC. These three patients have maintained their
PR and were still receiving treatment as of last follow up. Two additional patients, one with
type 2 pRCC and one with ccRCC and 50% sarcomatoid features, achieved greater than
30% reduction in their target lesions, but had PD by their next tumor evaluation 12 weeks
later, and are categorized as having stable disease (SD) by RECIST.11 Median PFS for all 55
evaluable patients was 2.7 months (95% CI: 1.4, 5.4). The efficacy results are summarized
in Table 3A. There were no significant differences in ORR, PFS, and OS between
previously untreated and previously treated patients (Tables 3B/C).

The univariable analyses suggested that PFS was significantly associated with serum
albumin, platelet count, ANC and number of disease sites. The multivariable analysis
showed number of disease sites as the only independent significant prognostic factor for PFS
(HR=1.51, p=0.008; 95% CI: 1.1, 1.9). Median follow up of surviving patients is 21.7
months (range: 13.8, 50.4). For all 57 patients, median OS was 16.8 months (95% CI: 10.7,
26.3 months). The univariable analyses suggested that OS was significantly associated with
PS, serum albumin, serum LDH, platelet count, ANC, number of disease sites, and Heng et
al’s prognostic group12. A multivariable analysis showed that PS, ANC, and number of
disease sites were independent prognostic factors for OS. PS of 2 (HR = 8.06, p = 0.0015),
higher number of disease sites (HR = 1.66, p = 0.0007), and neutrophilia (HR = 1.36, p =
0.002), were significantly associated with a higher risk of death (Table 4).

For the 25 patients with pRCC who were evaluable for PFS, median PFS was 1.6 months
(95% CI: 1.4, 5.4) and median OS was 12.6 months (95% CI: 7.3, 36.9). A minority of
patients with pRCC (28%) had tumor shrinkage of target lesions, with no confirmed PRs.
Three patients with sarcomatoid features had SD. The median percent sarcomatoid
component was 50% (range: 20%, 100%). Median PFS for the sarcomatoid group was 1.4
months (95% CI: 1.3, NA).

Discussion
The broad histological diversity of nccRCC presents unique challenges. Emerging data
suggest that several of the hereditary nccRCC entities are linked by defects in nutrient
sensing and cellular energy metabolism; the role of angiogenesis as a driver and potential
therapeutic target is less well defined. The activity of the targeted agents, standard in
ccRCC, has not been well described in nccRCC, as patients with nccRCC have often been
excluded from large studies. A concerted effort to define the clinical and molecular
characteristics of nccRCC in the context of a therapeutic trial will permit the development of
a clinically relevant taxonomy, prioritize disease subgroups for further study using existing
agents, and facilitate the matching of other disease subtypes with novel agents.
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In the expanded access experience with sunitinib, an 11% ORR was reported for 588
patients with nccRCC.11 However, pathology was not centrally reviewed, and results were
not coded separately for each of the nccRCC subtypes. We report a 5% ORR, a median PFS
of 2.7 months, and a median OS of 16.8 months for 57 patients with nccRCC. These
disappointing results reflect the biology of advanced nccRCC, particularly high-grade
papillary type 2 and unclassified RCC, and ccRCC with sarcomatoid features. Our
prospective data suggest that sunitinib does not produce the same level of activity in
nccRCC, compared with ccRCC, where ORR with sunitinib is 47% and median OS is 26.4
months.13 We should point out that our patient cohort was comprised predominantly of
subjects with intermediate- and poor-risk features, a 70% nephrectomy rate, a relatively high
number of metastatic sites, and 14% prior systemic therapy exposure. These characteristics
should be considered in the interpretation of this analysis.

Interest in sunitinib as therapy for pRCC arose based on its efficacy in ccRCC, and
retrospective data suggesting efficacy in pRCC.10 In our prospective study, which included
27 patients with pRCC, we were not able to confirm the retrospective data by Choueiri et
al.10 No confirmed PRs were noted, and PFS was short. In a pooled analysis of our study
and two other prospective studies of sunitinib in pRCC, 14, 15 only one PR was observed
among 61 patients. In contrast, a Korean phase II study of sunitinib in nccRCC reported a
36% ORR, including eight PRs among 22 patients with pRCC, and a median PFS of 6.4
months.16 These conflicting data suggest that ethnic differences may explain the variable
responses to sunitinib in nccRCC. Alternative pathways have been investigated in pRCC,
with MET emerging as a target in type 1 pRCC.17, 18 The MET gene is mutated in the
germline of patients with hereditary type 1 pRCC, and in 13% of sporadic type 1
pRCC.18, 19 Mutations identified to date have been activating of the MET protein.18, 19

However, over-expression of MET in pRCC tumors is not limited to cases of mutation. In
one series of 50 sporadic cases of pRCC, 80% were found to over-express MET, and
correlated with worse prognosis.20 Studies are investigating several c-met inhibitors in
pRCC (NCT00726323).

Participation in clinical trials with a sound biological rationale is the preferred treatment
approach for pRCC. Alternatively, temsirolimus or erlotinib may be considered for pRCC.
In the phase III trial of temsirolimus in poor-risk patients, patients with pRCC were
identified and analyzed as a subset.21 In this analysis, PFS and OS were approximately 6
and 11 months, respectively. These results are similar to those for the ccRCC cohort in the
same study, suggesting that temsirolimus is an appropriate treatment for patients with poor-
risk pRCC.21 Two ongoing clinical trials are comparing everolimus, an oral mTOR
inhibitor, to sunitinib (NCT01185366 and NCT01108445). In a phase II trial in pRCC,
erlotinib produced an 11% ORR and a disease control rate of 64%, making it worthy of
further evaluation.22

Although the small patient numbers in our study make subgroup analyses difficult, anti-
tumor response and durable disease control were seen predominantly in the chromophobe
cohort, compared with other histological subtypes. Chromophobe RCC is typically indolent,
rarely metastasizes, and is usually cured with resection.23 All five patients with
chromophobe RCC in our study derived clinical benefit from treatment, with a 40% ORR
and a median PFS of 12.7 months. Although a prolonged PFS could be explained by the
indolent course of this disease, the observed tumor shrinkage, which included two durable
PRs, indicates drug effect. Biologically, this is possibly a reflection of the KIT inhibitory
activity of sunitinib, as KIT over-expression is common in chromophobe RCC.24 The
lengthy time to PR noted among the two chromophobe responders is a phenomenon also
described in gastrointestinal stromal tumor patients treated with imatinib, another KIT
targeting agent.25
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Sarcomatoid RCC is not a separate histological entity. Sarcomatoid features can be present
with virtually any of the RCC histological subtypes, at a rate of approximately 10%. A
debatable matter is whether therapy should be tailored to the underlying tumor histology, or
to its sarcomatoid component. Sarcomatoid features imply high-grade disease and
aggressive clinical behavior, therefore, we chose to analyze patients with sarcomatoid
features as a discrete entity. The sarcomatoid component is typically reported as an overall
percent of the total histology, and can range from focal to pure sarcomatoid within the
specimen. A case series and a small clinical trial described treatment of this disease with a
combination of gemcitabine and doxorubicin.26, 27 Although most responses with this
regimen are of short duration, there is a small subset of patients who experience durable
complete remissions.28 Golshayan et al and Molina et al reported separate retrospective
series suggesting benefit with sunitinib in sarcomatoid RCC, with response rates of 29% and
14%, PFS of 5.3 and 4.4 months, and a median percent sarcomatoid component of 14% and
20% in each study, respectively.29, 30 In our sarcomatoid cohort, no responses were seen,
and median PFS was 1.4 months. The 50% median percent sarcomatoid component seen in
our study and the fact that five of the seven patients with sarcomatoid features had nccRCC
may explain the poor results.

Conclusions
The differential response of chromophobe RCC to sunitinib suggests that a therapeutically
relevant biologic heterogeneity exists within nccRCC. The disappointing results in other
nccRCC subtypes underscore the need to enroll these patients on clinical trials. In future
trials of novel agents for nccRCC, in-depth characterization of the molecular features
underpinning these subtypes will help identify rational therapeutic strategies targeting
relevant pathways.
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Figure 1.
Maximum Percent Change in Target Lesions by RECIST 1.0

Tannir et al. Page 9

Eur Urol. Author manuscript; available in PMC 2014 January 06.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Tannir et al. Page 10

Ta
bl

e 
1

A
: 

P
at

ie
nt

s’
 C

ha
ra

ct
er

is
ti

cs
 (

N
=5

7)

C
ha

ra
ct

er
is

ti
c

N
o.

%

G
en

de
r

   
  F

em
al

e
19

33
%

   
  M

al
e

38
67

%

A
ge

, y
ea

rs

   
  M

ed
ia

n
57

   
  R

an
ge

22
-8

5

H
is

to
lo

gy

   
  P

ap
ill

ar
y

27
47

%

   
  T

yp
e 

1
2

   
  T

yp
e 

II
11

   
  N

ot
 o

th
er

w
is

e 
sp

ec
if

ie
d

14

   
  U

nc
la

ss
if

ie
d

8
14

%

   
  S

ar
co

m
at

oi
d

7
12

%

   
  C

ol
le

ct
in

g 
D

uc
t /

 R
en

al
 M

ed
ul

la
ry

6
11

%

   
  C

hr
om

op
ho

be
5

9%

   
  O

th
er

*
4

7%

E
C

O
G

 P
er

fo
rm

an
ce

 S
ta

tu
s

   
  0

20
35

%

   
  1

32
56

%

   
  2

5
9%

M
SK

C
C

**
 R

is
k 

G
ro

up

   
  0

 (
fa

vo
ra

bl
e)

9
16

%

   
  1

-2
 (

in
te

rm
ed

ia
te

)
36

63
%

   
  ≥

 3
 (

po
or

)
12

21
%

H
en

g 
et

 a
l’

s 
R

is
k 

G
ro

up

   
  0

 (
fa

vo
ra

bl
e)

10
17

.5
%

Eur Urol. Author manuscript; available in PMC 2014 January 06.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Tannir et al. Page 11

A
: 

P
at

ie
nt

s’
 C

ha
ra

ct
er

is
ti

cs
 (

N
=5

7)

C
ha

ra
ct

er
is

ti
c

N
o.

%

   
  1

-2
 (

in
te

rm
ed

ia
te

)
37

65
%

   
  ≥

3 
(p

oo
r)

10
17

.5
%

N
um

be
r 

of
 d

is
ea

se
 s

ite
s

   
  1

14
25

%

   
  2

18
32

%

   
  ≥

 3
25

44
%

O
th

er
 C

ha
ra

ct
er

is
tic

s

   
  P

ri
or

 n
ep

hr
ec

to
m

y
40

70
%

   
  P

ri
or

 s
ys

te
m

ic
 th

er
ap

y*
**

8
14

%

   
  T

re
at

ed
 b

ra
in

 m
et

as
ta

se
s 

at
 b

as
el

in
e

2
4%

B
: 

Su
m

m
ar

y 
of

 B
as

el
in

e 
L

ab
or

at
or

y 
V

ar
ia

bl
es

.

V
ar

ia
bl

e
1s

t
Q

ua
rt

ile
M

ed
ia

n
3r

d 
Q

ua
rt

ile
M

ea
n

St
d 

D
ev

H
em

og
lo

bi
n

11
.2

0
12

.6
0

13
.9

0
12

.4
9

1.
79

C
or

re
ct

ed
 S

er
um

 c
al

ci
um

8.
98

9.
20

9.
60

9.
27

0.
49

Se
ru

m
 a

lb
um

in
4.

00
4.

20
4.

50
4.

15
0.

61

Se
ru

m
 L

D
H

41
3.

00
49

6.
00

66
6.

00
66

8.
82

49
6.

97

P
la

te
le

t 
co

un
t

21
1.

00
26

6.
00

34
1.

00
29

8.
87

12
9.

15

A
bs

ol
ut

e 
ne

ut
ro

ph
il 

co
un

t
3.

82
4.

85
6.

17
5.

31
2.

40

* T
ra

ns
lo

ca
tio

n 
ca

rc
in

om
a,

 m
uc

in
ou

s 
tu

bu
la

r 
an

d 
sp

in
dl

e 
ce

ll 
ca

rc
in

om
a,

 th
yr

oi
d-

lik
e 

fo
lli

cu
la

r 
ca

rc
in

om
a,

 tu
bu

lo
cy

st
ic

 c
ar

ci
no

m
a 

(1
 p

at
ie

nt
 e

ac
h)

**
M

em
or

ia
l S

lo
an

 K
et

te
ri

ng
 C

an
ce

r 
C

en
te

r

**
* pe

m
et

re
xe

d 
pl

us
 g

em
ci

ta
bi

ne
 (

2 
pa

tie
nt

s)
; e

rl
ot

in
ib

, g
ef

iti
ni

b,
 A

B
T

-5
10

, i
nt

er
le

uk
in

-2
 p

lu
s 

in
te

rf
er

on
-a

lf
a 

pl
us

 5
-f

lu
or

ou
ro

ci
l, 

be
va

ci
zu

m
ab

, t
ha

lid
om

id
e 

(1
 p

at
ie

nt
 e

ac
h)

Eur Urol. Author manuscript; available in PMC 2014 January 06.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Tannir et al. Page 12

Table 2

Treatment Emergent Adverse Events Grade >=3 Occuring At Least Once Among all 57 Patients

Adverse Event Grade 3 Grade 4 Total

Fatigue (asthenia, lethargy, malaise) 16 0 16

Hypertension 16 0 16

Neutropenia 10 1 11

Pain 7 0 7

Mucositis/stomatitis 5 1 6

Thrombocytopenia 3 2 5

Anemia 5 0 5

Leukopenia 3 0 3

Hyperuricemia 0 3 3

Hyponatremia 3 0 3

Diarrhea 3 0 3

Sensory Neuropathy 3 0 3

Nausea 3 0 3

Anorexia 2 0 2

Hypophosphatemia 2 0 2

Vomiting 2 0 2

Dysphagia 0 1 1

Motor Neuropathy 1 0 1

Hemorrhage/Bleeding 0 1 1

Nonneutropenic Fever 1 0 1

Left ventricular diastolic dysfunction 1 0 1

Hyperbilirubinemia 1 0 1

Hemolysis 1 0 1

Transaminitis 1 0 1

Elevated Lipase 1 0 1

Myocardial Infarct 0 1 1

Hypoalbuminemia 1 0 1

Hypomagnesemia 1 0 1

Thrombosis/embolism 0 1 1

Dyspnea 1 0 1

Rash/Desquamation 1 0 1

Hand-Foot Skin Reaction 1 0 1

Febrile Neutropenia 1 0 1

Hypokalemia 1 0 1

Syncope/near syncope 1 0 1

Dehydration 1 0 1

Death within 30 Days of Discontinuing Study Drug 0 0 1

Eur Urol. Author manuscript; available in PMC 2014 January 06.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Tannir et al. Page 13

Adverse Event Grade 3 Grade 4 Total

Hypocalcemia 1 0 1
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Table 4

Multivariable Cox Model for OS

Variable HR (95% CI) P value

PS

   1 vs. 0 2.48 (1.08, 5.72) 0.033

   2 vs. 0 8.06 (2.22, 29.22) 0.0015

Absolute neutrophil count 1.36 (1.12, 1.66) 0.002

Number of disease sites 1.66 (1.24, 2.22) 0.0007
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