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Summary
Background Metastatic renal cell carcinoma (mRCC) is a heterogenous disease with poor 5-year overall survival (OS)
at 14%. Patients with mRCC to endocrine organs historically have prolonged OS. Pancreatic metastases are
uncommon overall, with mRCC being the most common etiology of pancreatic metastases. In this study, we
report the long-term outcomes of patients with mRCC to the pancreas in two separate cohorts.

MethodsWe performed a multicenter, international retrospective cohort study of patients with mRCC to the pancreas
at 15 academic centers. Cohort 1 included 91 patients with oligometastatic disease to the pancreas. Cohort 2 included
229 patients with multiples organ sites of metastases including the pancreas. The primary endpoint for Cohorts 1 and
2 was median OS from time of metastatic disease in the pancreas until death or last follow up.

Findings In Cohort 1, the median OS (mOS) was 121 months with a median follow up time of 42 months. Patients
who underwent surgical resection of oligometastatic disease had mOS of 100 months with a median follow-up time of
52.5 months. The mOS for patients treated with systemic therapy was not reached. In Cohort 2, the mOS was 90.77
months. Patients treated with first-line (1L) VEGFR therapy had mOS of 90.77 months; patients treated with IL
immunotherapy (IO) had mOS of 92 months; patients on 1L combination VEGFR/IO had mOS of 74.9 months.

Interpretations This is the largest retrospective cohort of mRCC involving the pancreas. We confirmed the previously
reported long-term outcomes in patients with oligometastatic pancreas disease and demonstrated prolonged survival
in patients with multiple RCC metastases that included the pancreas. In this retrospective study with heterogeneous
population treated over 2 decades, mOS was similar when stratified by first-line therapy. Future research will be
needed to determine whether mRCC patients with pancreatic metastases require a different initial treatment strategy.

Funding Statistical analyses for this study were supported in part by the University of Colorado Cancer Center Support
Grant from the NIH/NCI, P30CA046934-30.
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Research in context

Evidence before this study
The authors searched PubMed through January 2023 for
papers using the terms “metastatic RCC” AND “pancreas” or
“endocrine metastases” with no restrictions for language or
date. The studies found were mostly retrospective reviews on
the use of localized therapy for metastatic RCC to the
pancreas. No prospective studies were found.

Added value of this study
Here we present a review on long-term outcomes of patients
with metastatic RCC to the pancreas. We assess outcomes of a
cohort with oligometastatic disease to the pancreas based on
initial treatment type (surgery versus systemic therapy). We
additionally assessed a second cohort of patients with

metastatic disease that included the pancreas and evaluated
outcomes based on type of first-line therapy.

Implications of all the available evidence
Our study confirms prior knowledge that RCC patients with
pancreatic metastases generally have longer OS. In patients
with oligometastatic RCC to the pancreas, treatment with
systemic therapy or pancreatectomy both resulted in long
overall survival. In patients with multiple metastases including
to the pancreas, the median overall survival was long
regardless of type of first-line systemic therapy. Prospective
studies will need to be undertaken to establish the optimal
first-line therapy (VEGFR inhibitor, IO, or combination
therapy).
Introduction
Metastatic renal cell carcinoma (mRCC) is a heteroge-
nous, lethal disease with an estimated five-year overall
survival (OS) of 14%.1 The Checkmate-214 trial has
demonstrated the longest OS to date with median OS of
55.7 months for mRCC patients with intermediate- or
poor-risk disease treated with first-line nivolumab and
ipilimumab.2,3 Renal cell carcinoma (RCC) patients with
endocrine metastases, specifically pancreatic disease,
have prolonged OS compared to patients with non-
endocrine metastases.1,4,5 Pancreatic metastases are
uncommon, seen in only two to five percent of all ma-
lignancies including RCC, melanomas, colorectal carci-
nomas, breast cancers, and sarcomas.6,7 RCC is the most
common primary tumor leading to pancreatic metasta-
ses, with pancreatic metastases found in three to ten
percent of metastatic RCC cases.8

For patients with oligometastatic RCC, the National
Comprehensive Cancer Network (NCCN) Kidney Can-
cer Guideline recommendations include systemic
therapy, metastasectomy, stereotactic body radiation
therapy (SBRT), or ablative techniques.9 The current
literature on oligometastatic RCC pancreas tumors is
comprised of individual case studies and small retro-
spective reviews, with most reviews looking at the
utility of pancreatectomy as an option for disease
management.6,9–11 For isolated pancreas metastases, a
partial or total pancreatectomy may be a feasible option
for patients that are appropriate surgical candidates.
Given that this can be a highly morbid surgery and
some data demonstrates no clear OS benefit with sur-
gery versus systemic therapy, there is interest in
determining the role of non-surgical treatment options
for patients with pancreatic oligometastatic disease.12–14
SBRT, other ablative techniques, and systemic therapy
are non-surgical treatments used based on patient
factors, institutional resources, and provider experi-
ence. The optimal approach for treatment of mRCC to
the pancreas has not been established.

For patients with mRCC to multiple organ sites
including the pancreas, systemic therapy is the generally
accepted approach. The biology of RCC with a predi-
lection to the pancreas is incompletely understood.
Metastatic sites of disease of RCC have heterogeneous
biologic composition.4 Recent work has suggested that
pancreatic metastases of RCC have increased angiogenic
activity and lower inflammatory burden.15,16 These ob-
servations suggest that pancreatic metastases may have
differential response to immunotherapy (IO) and
vascular endothelial growth factor receptor (VEGFR)
targeted therapy. However, there are no clinical trials to
date comparing outcomes of patients with mRCC to the
pancreas with differing systemic therapy modalities.

In this study, we report the long-term outcomes of
patients with mRCC to the pancreas. In Cohort 1, we
describe outcomes of systemic versus local therapy in
patients with oligometastatic disease to the pancreas. In
Cohort 2, we describe the long-term outcomes of sys-
temic therapy in RCC patients with multiple sites of
metastases including the pancreas.
Methods
Study design and patient population
We performed a multicenter, international, retrospec-
tive cohort study of patients with histologically proven
mRCC involving the pancreas who were treated at 15
academic centers, 13 in the United States and two in
www.thelancet.com Vol 60 June, 2023
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Europe, which are highly experienced in the manage-
ment of RCC. Institutional review board (IRB) approval
or exemption was obtained at each institution. Informed
consent was not required per IRB as data collected was
de-identified. Patients diagnosed and treated prior to
January 2021 were included in the analysis. Data on
patient demographics, tumor characteristics, local ther-
apy, systemic therapy, and outcomes were collected us-
ing a de-identified data collection template with strict
definitions for data collection to minimize inter-
observer variation. No other restrictive inclusion
criteria were applied. In Cohort 1, we evaluated local
therapy versus systemic treatment in patients with oli-
gometastatic disease to the pancreas. In Cohort 2, we
evaluated outcomes of first-line (1L) systemic therapies
including VEGFR, high-dose interleukin-2 (HD-IL2),
immune checkpoint inhibitors (ICI), and combination
VEGFR/IO in patients with mRCC including the
pancreas.

Study endpoints
In Cohort 1, the primary endpoint was median OS from
time of metastatic disease to the pancreas until death or
last documented follow up. Secondary endpoints
included time to initiation of systemic therapy from
time of pancreas metastasis diagnosis for patients un-
dergoing local therapy, and adverse events by treatment
group. Presence of an adverse event was determined by
individual sites with guidance in data collection tool
from the coordinating site.

In Cohort 2, the primary endpoint was median OS
from time of metastatic disease to the pancreas until
death, or last documented follow up. Secondary out-
comes included objective response rate (ORR) by local
investigator assessment and time on treatment (TOT)
with 1L therapy. Radiographic responses were assessed
by local investigators and best response to treatment was
characterized as complete response (CR), partial
response (PR), stable disease (SD), progressive disease
(PD) or not evaluable (NE). TOT was defined as time
from initiation of 1L therapy to discontinuation for any
reason including progressive disease, toxicity, patient or
practitioner preference, or death. Patients were followed
from initiation of therapy until death or a data cutoff
date of January 16, 2021, whichever occurred first. No
formal sample size or power calculations were done a
priori due to the retrospective nature of the study.

Statistical analysis
Descriptive statistics are presented for baseline charac-
teristics of the entire patient population and by local
versus systemic therapy for Cohort 1, and 1L treatment
subgroup for Cohort 2. For continuous variables, the
median and interquartile range (IQR) are reported and
the non-parametric Kruskal Wallis test was conducted.
For categorical variables, the frequencies and the per-
centages were calculated, and the chi-squared test was
www.thelancet.com Vol 60 June, 2023
conducted. For OS, the survival probability was calcu-
lated by the Kaplan–Meier method. The survival curve
and the median survival time are reported with the
corresponding two-sided 95% Brookmeyer-Crowley’s
confidence interval if feasible. The median time and
IQR were calculated for TOT. The cumulative fre-
quencies estimated proportions, and the 95% simulta-
neous confidence intervals were calculated for the best
radiographic responses to treatment.17 The analyses for
OS, TOT, and ORR were conducted for each cohort and
subgroups within each cohort of the study. All statistical
analyses were performed by an independent statistician
to ensure unbiased data review. Analyses were con-
ducted on R version 4.1.0, R Core Team (2021).

Role of the funding source
Statistical analyses for this study were supported in part
by the University of Colorado Cancer Center Support
Grant from the NIH/NCI, P30CA046934-30. K. Collier
was supported by NIH T32CA247815-01.

C. Duarte, E. Lam, and J. Hu had full access to the
dataset. The decision to publish was a joint consensus
amongst all authors.
Results
Cohort 1
Ninety-one patients with oligometastatic disease only to
the pancreas were identified. Four patients were
excluded from analysis due to no treatment information
provided, resulting in 87 patients in the final analysis
(Fig. 1a). The median time from initial RCC diagnosis to
development of oligometastatic disease in the pancreas
was 97 months (range 46.5–153 months). 84 patients
had prior nephrectomy (96.6%), 71 patients had non-
metastatic disease at initial diagnosis (82.1%). 50 were
International Metastatic Database Consortium (IMDC)
favorable risk (59.5%) and 32 were intermediate risk
(38.1%) at time of metastases. Median age at time of
RCC diagnosis was 57 years. Median age at time of
pancreatic oligometastatic disease was 65 years. Median
year of RCC diagnosis was 2007 (range 2000–2011).
Demographic data is further detailed in Table 1.

Forty-two patients (48.3%) underwent partial or total
pancreatectomy (Table 2). Surgeries were performed at
nine of the 15 academic centers with number of oper-
ations per site ranging from one to ten operations. 38
patients (43.7%) received systemic therapy as initial
treatment for oligometastatic pancreas disease. Seven
patients (8.0%) underwent SBRT therapy. Of the pa-
tients receiving systemic therapy, 23 received VEGFR, 9
received IO, 4 received combination VEGFR and IO,
and 2 received mTOR inhibitor (Fig. 1a).

The median OS was 100.0 months (95% CI 93, not
reached) in the surgery group and was not reached (95%
CI 56, not reached) in the systemic therapy group
(Table 3) with a median follow up time of 42 months for
3
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229 patients reviewed

208 patients included

21 patients excluded:

10 no treatment info
6 recieved mTOR inhibitor
5 other treatment categories

151 Cohort A: 
VEGFR 

39 Cohort B: 
Immunotherapy

18 Cohort C: 
VEGFR and IO

91 patients reviewed

87 patients included

4 patients excluded:

no treatment info

7 had Radiation Therapy

42 had Surgery:

37 with partial pancreatectomy
5 with total pancreatectomy

38 had Systemic Therapy:

23 had VEGF/R
9 had Immunotherapy

4 had Combo VEGF/R and IO
2 had mTOR

a

b

Fig. 1: a Cohort 1 Study Population Consort Diagram. b Cohort 2 Study Population Consort Diagram.
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the entire study population. Primary endpoints were not
calculated for the patients undergoing radiation therapy
given the small sample size and lack of events.

Median time to initiation of systemic therapy in the
surgery group was 19.5 months (IQR 4.8–40.9). In
terms of adverse events, nine patients (22%) undergoing
pancreatectomy required pancreatic enzyme therapy
post-operatively and 12 patients (29.3%) required insu-
lin post-operatively. For those treated with systemic
therapies, the most common types of adverse events
included gastrointestinal issues (19 patients, 50%), hy-
pertension (10 patients, 26.7%), and dermatologic issues
(5 patients, 13.3%).

Cohort 2
In Cohort 2, 229 patients with mRCC including
pancreatic metastases were identified. Ten patients had
not undergone any systemic treatment and were
excluded from analysis. Six patients were treated with
mTOR inhibitors as 1L treatment. Given the low
www.thelancet.com Vol 60 June, 2023
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Demographic factors Surgery
N = 42

Radiation
therapy
N = 7

Systemic
therapy
N = 38

Total
N = 87

p value

Sex

Male 20 (47.6) 5 (71.4) 21 (55.3) 46 (52.9) 0.468

Female 22 (52.4) 2 (28.6) 17 (44.7) 41 (47.1)

Race

White 40 (95.2) 4 (57.1) 35 (92.1) 79 (90.8) 0.015

Black 1 (2.4) 2 (28.6) 1 (2.6) 4 (4.6)

Asian 1 (2.4) 0 (0.0) 0 (0.0) 1 (1.1)

Other 0 (0.0) 1 (14.3) 2 (5.3) 3 (3.4)

Ethnicity

Hispanic 3 (7.1) 0 (0.0) 5 (13.2) 8 (9.2) 0.441

Insurance status

Private 14 (33.3) 2 (28.6) 11 (28.9) 27 (31.0) 0.991

Public 22 (52.4) 4 (57.1) 22 (57.9) 48 (55.2)

Uninsured − (−) − (−) − (−) − (−)

Other 6 (14.3) 1 (14.3) 5 (13.2) 12 (13.8)

Histology

Clear cell 42 (100.0) 6 (100.0) 38 (100.0) 86 (100.0) –

Stage at diagnosis

1 8 (25.8) 1 (20.0) 7 (22.6) 16 (23.9) 0.483

2 10 (32.3) 2 (40.0) 8 (25.8) 20 (29.9)

3 10 (32.3) 2 (40.0) 7 (22.6) 19 (28.4)

4 3 (9.7) 0 (0.0) 9 (29.0) 12 (17.9)

Unknown − (−) − (−) − (−) − (−)

Fuhrman grade at diagnosis

1 4 (12.5) 0 (0.0) 0 (0.0) 4 (6.3) 0.411

2 13 (40.6) 3 (60.0) 12 (46.2) 28 (44.4)

3 12 (37.5) 2 (40.0) 9 (34.6) 23 (36.5)

4 3 (9.4) 0 (0.0) 5 (19.2) 8 (12.7)

Unknown − (−) − (−) − (−) − (−)

ECOG at diagnosis

0 35 (94.6) 3 (75.0) 30 (90.9) 68 (91.9) 0.380

1 2 (5.4) 1 (25.0) 3 (9.1) 6 (8.1)

2 − (−) − (−) − (−) − (−)

3 − (−) − (−) − (−) − (−)

Unknown − (−) − (−) − (−) − (−)

IMDC Risk Category

Favorable 27 (69.2) 6 (85.7) 17 (44.7) 50 (59.5) 0.128

Intermediate 11 (28.2) 1 (14.3) 20 (52.6) 32 (38.1)

Poor 1 (2.6) 0 (0.0) 1 (2.6) 2 (2.4)

Unknown − (−) − (−) − (−) − (−)

MSKCC risk category at time of metastatic disease

Low 24 (63.2) 5 (71.4) 15 (39.5) 44 (53.0) 0.239

Intermediate 13 (34.2) 2 (28.6) 22 (57.9) 37 (44.6)

Poor 1 (2.6) 0 (0.0) 1 (2.6) 2 (2.4)

Unknown − (−) − (−) − (−) − (−)

Table 1: Cohort 1 baseline characteristics of study population.

Articles
number, this treatment group was excluded from anal-
ysis. Five patients were treated with a 1L therapy that did
not fall under the categorization of VEGFR, IO, or
combination VEGFR/IO therapy. These patients were
also excluded from analysis. This resulted in a study
population of 208 patients in the final analyses (Fig. 1b).
The median year of initial RCC diagnosis was 2009, with
the median year of mRCC diagnosis being 2014 (range
2005–2015). 96 patients had synchronous disease
(41.8%) and 111 patients had metachronous diease
(55.8%). 65 patients (31.2%) had IMDC favorable risk,
89 (42.8%) had intermediate risk, and 24 (11.5%) had
poor risk. Demographic data are further detailed in
Table 1.

Of 208 analyzed patients, 151 patients (72.6%)
received 1L VEGFR therapy, 39 patients (18.8%)
received 1L IO therapy, and 18 patients (8.6%) received
1L combination VEGFR and IO therapy. Of the 39 pa-
tients receiving 1L IO therapy, 16 patients received HD-
IL2, 21 patients received ICI therapy, and two patients
received other IO (Fig. 1b). Patients in the VEGFR
subgroup received a median of two lines of treatment in
total. 71 patients (47%) treated with VEGFR as 1L
therapy then received at least one form of IO as a sub-
sequent treatment. Six patients (4%) who received
VEGFR therapy were treated before 2004, 128 patients
(84.8%) were treated between 2005 and 2017 and 17
patients (11.3%) were treated in 2018 or later. For the IO
subgroup, 20 patients (51%) treated with IO as 1L
therapy received at least one form of VEGFR as a sub-
sequent treatment. Among patients who received IO
therapy, one patient (2.6%) was treated before 2004; 31
patients (79.5%) were treated between 2005 and 2017
and 7 patients (17.9%) were treated in 2018 or later. The
combination VEGFR/IO subgroup received a median of
1 total treatment line; many of the patients remained on
combination therapy at time of data cut off. Among
patients who received combination therapy, 1 patient
(5.6%) was treated before 2004, 11 patients (61.1%) were
treated between 2005 and 2017, and 6 patients (33.3%)
were treated in 2018 or later.

The median length of follow-up was 52.5 months.
At the time of analysis, 96 patients had died, and 112
patients were censored. The median OS was 90.7
months (95% CI, 74.9, 114) for the Cohort 2 total
population (Table 3). When analyzed by 1L treatment
subgroup, the IO subgroup had a median OS at 92
months (95% CI, 78, NR) with a median follow up time
of 60.2 months. The VEGFR subgroup median OS was
90.8 months (95% CI, 74.9, 114) with a median follow
up time of 53.6 months. For combination VEGFR and
IO subgroup the median OS was 74.9 months (95% CI
33, NR) with a median follow up of 28.5 months
(Fig. 2).

Given that the patients receiving IO spanned multi-
ple decades during which advances in IO such as ICI
were established, this subgroup of patients was further
www.thelancet.com Vol 60 June, 2023
stratified by HD-IL2, ICI therapy, or other IO (Table 3).
Median OS for patients on HD-IL2 was 89 months (95%
CI 78, NR) with a median follow up time of 81.5 months
and was not reached (95% CI) for patients on ICI
therapy with median follow up of 39 months.
5
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Demographic factors Subgroup A
VEGFR
N = 151

Subgroup B
IO N = 39

Subgroup C
VEGFR & IO
N = 18

Total N = 208 p value

Sex

Male 94 (62.3) 26 (66.7) 13 (72.2) 133 (63.9) 0.654

Female 57 (37.7) 13 (33.3) 5 (27.8) 75 (36.1)

Race

White 136 (90.1) 35 (89.7) 16 (88.9) 187 (89.9) 0.951

Black 2 (1.3) 0 (0.0) 0 (0.0) 2 (1.0)

Asian 6 (4.0) 1 (2.6) 1 (5.6) 8 (3.8)

Other 7 (4.6) 3 (7.7) 1 (5.6) 11 (5.3)

Ethnicity

Hispanic 20 (13.2) 4 (10.3) 2 (11.1) 26 (12.5) 0.866

Insurance status

Private 38 (25.2) 24 (61.5) 10 (55.6) 72 (34.6) 0.001

Public 110 (72.8) 15 (38.5) 8 (44.4) 133 (63.9)

Uninsured 1 (0.7) 0 (0.0) 0 (0.0) 1 (0.5)

Other 2 (1.3) 0 (0.0) 0 (0.0) 2 (1.0)

Histology

Clear cell 140 (92.7) 37 (94.9) 16 (88.9) 193 (92.8) 0.707

Stage at diagnosis

1 16 (10.6) 8 (20.5) 2 (11.1) 26 (12.5) 0.210

2 15 (9.9) 3 (7.7) 4 (22.2) 22 (10.6)

3 26 (17.2) 11 (28.2) 3 (16.7) 40 (19.2)

4 42 (27.8) 9 (23.1) 6 (33.3) 57 (27.4)

Unknown 52 (34.4) 8 (20.5) 3 (16.7) 63 (30.3)

Fuhrman grade at diagnosis

1 7 (4.6) 1 (2.6) 0 (0.0) 8 (3.8) 0.848

2 46 (30.5) 11 (28.2) 6 (33.3) 63 (30.3)

3 47 (31.1) 11 (28.2) 4 (22.2) 62 (29.8)

4 17 (11.3) 8 (20.5) 3 (16.7) 28 (13.5)

Unknown 34 (22.5) 8 (20.5) 5 (27.8) 47 (22.6)

ECOG at diagnosis

0 88 (58.3) 26 (66.7) 12 (66.7) 126 (60.6) 0.802

1 26 (17.2) 6 (15.4) 2 (11.1) 34 (16.3)

2 4 (2.6) 0 (0.0) 1 (5.6) 5 (2.4)

3 1 (0.7) 1 (2.6) 0 (0.0) 2 (1.0)

Unknown 32 (21.2) 6 (15.4) 3 (16.7) 41 (19.7)

IMDC risk category

Favorable 44 (29.1) 16 (41.0) 5 (27.8) 65 (31.2) 0.481

Intermediate 65 (43.0) 14 (35.9) 10 (55.6) 89 (42.8)

Poor 17 (11.3) 6 (15.4) 1 (5.6) 24 (11.5)

Unknown 25 (16.6) 3 (7.7) 2 (11.1) 30 (14.4)

MSKCC risk category at time of metastatic disease

Low 44 (29.1) 19 (48.7) 5 (27.8) 68 (32.7) 0.145

Intermediate 68 (45.0) 13 (33.3) 8 (44.4) 89 (42.8)

Poor 11 (7.3) 5 (12.8) 2 (11.1) 18 (8.7)

Unknown 28 (18.5) 2 (5.1) 3 (16.7) 33 (15.9)

Prior nephrectomy

No 65 (43.0) 14 (35.9) 8 (44.4) 87 (41.8) 0.574

Yes 81 (53.6) 25 (64.1) 10 (55.6) 116 (55.8)

Unknown 5 (3.3) 0 (0.0) 0 (0.0) 5 (2.4)

Timing of pancreatic metastases in relation to other metastases

Synchronous 73 (48.3) 13 (33.3) 10 (55.6) 96 (46.2) 0.408

Metachronous 77 (51.0) 26 (66.7) 8 (44.4) 111 (53.4)

Unknown 1 (0.7) 0 (0.0) 0 (0.0) 1 (0.5)

(Table 2 continues on next page)
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Demographic factors Subgroup A
VEGFR
N = 151

Subgroup B
IO N = 39

Subgroup C
VEGFR & IO
N = 18

Total N = 208 p value

(Continued from previous page)

Local treatment for pancreatic metastases

No 129 (85.4) 32 (82.1) 16 (88.9) 177 (85.1) 0.778

Yes 22 (14.6) 7 (17.9) 2 (11.1) 31 (14.9)

Type of local treatment if applicable

Pancreatectomy 16 (72.7) 5 (71.4) 2 (100.0) 23 (74.2) 0.787

SBRT 5 (22.7) 1 (14.3) 0 (0.0) 6 (19.4)

Radiation therapy 1 (4.5) 1 (14.3) 0 (0.0) 2 (6.5)

Median number of total lines of systemic therapy

Median (IQR) 2.0 (2.0–4.0) 2.0 (1.0–4.0) 1.0 (1.0–2.0) 2.0 (1.0–4.0) 0.004

Total lines of systemic therapy

1 31 (20.5) 12 (30.8) 11 (61.1) 54 (26.0) 0.024

2 45 (29.8) 13 (33.3) 4 (22.2) 62 (29.8)

3 29 (19.2) 3 (7.7) 1 (5.6) 33 (15.9)

4 26 (17.2) 5 (12.8) 1 (5.6) 32 (15.4)

5 or more 20 (13.2) 6 (15.4) 1 (5.6) 27 (13.0)

Table 2: Cohort 2 baseline characteristics of study population.

Articles
204 patients were included in the TOT analysis; four
patients were excluded due to missing data. The median
TOT was 10 months (IQR 3.69–22.1) for the total pop-
ulation. Table 4 demonstrates the TOT by treatment
subgroup and Table 5 shows the TOT by IO subtype.
Patients in the combination VEGFR and IO subgroup
had a median TOT at 15 months (IQR 5.7, 21.3) while
patients in the IO group had aTOT at 6.5 months (IQR
3, 10). Best radiographic response and TOT was exam-
ined by IMDC risk category and treatment subtype. Of
126 patients receiving 1L VEGFR therapy, 44 favorable
risk patients had a median TOT of 13.5 months
(6.6–29.2) and ORR of 48.8%. Of the 36 patients
receiving 1L IO, the six poor risk patients had a median
TOT of 10.3 months (4.5–22.5) with 83.3% ORR
(Supplemental Tables S1 and S2).
Population Median OS
(months)
95% CI

Median follow up
time (months)

Total Cohort 1 population 121 (93, NR) 42

Surgery 100 (93, NR)

Systemic therapy NR (56, NR)

Total Cohort 2 population 90.77 (74.9, 114) 52.5

Cohort A—VEGFR 90.77 (66, 114) 53.6

Cohort B—IO 92 (78, NR) 60.2

HD-IL2 Therapy 89 (78, NR) 81.6

ICI Therapy NR (NR, NR) 39

Cohort C—VEGFR/IO 74.9 (33, NR) 28.5

NR Indicates not reached.

Table 3: Median overall survival of Cohorts 1 and 2.
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181 patients were included in the best radiographic
response analysis; 27 patients were excluded due to
missing data. Across all 1L treatments, seven patients
demonstrated a complete response (3.9%), 74 patients
had partial response (40.9%), 83 patients had stable
disease (45.9%), and 17 patients had progressive disease
(9.4%) as their best response to 1L therapy. Tables 4 and
5 show the breakdown of best radiographic response
and time on treatment by treatment type. The ORR were
46.6% (60 patients), 36.1% (13 patients), and 50% (8
patients) for the VEGFR, IO, and VEGFR/IO groups,
respectively. The clinical benefit rate was 90.7% for the
total population, 93.1% for VEGFR subgroup, 77.8% for
IO subgroup, and 100% for the combination VEGFR/IO
subgroup.
Discussion
To our knowledge, this is the largest retrospective cohort
of mRCC involving the pancreas to date. In this retro-
spective, multi-institutional study, we confirmed the
previously reported favorable long-term outcomes in
patients with oligometastatic pancreas disease and
established similar prolonged survival in patients with
multiple organ RCC metastases that include the
pancreas. The median OS in patients with oligometa-
static pancreatic only disease was 100.0 months after
partial or total pancreatectomy and not reached for pa-
tients on systemic therapy. In patients with multiple
metastases including the pancreas, the OS from the
time of metastatic diagnosis was 90.8 months. Pro-
longed OS of mRCC to the pancreas is well documented
with previous reports of OS of 42–106 months.5,8,18,19

This is in contrast with shorter OS for mRCC patients
7
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Fig. 2: Kaplan meier curves of overall survival for Cohort 2 total population and by subgroup.
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in general, with the longest median OS currently re-
ported at 57.7 months.2,3,20

In Cohort 1, we OS was numerically similar
regardless of treatment with surgery versus systemic
therapy for patients with oligometastatic pancreas re-
currences, though direct statistical comparision was not
made. In accordance with NCCN guidelines, patients
with oligometastatic disease are eligible for a variety of
treatment options including metastasectomy, SBRT,
ablation, or systemic therapy including combination
VEGFR/IO therapy.21–24 NCCN guidelines state that sites
amenable to metastasectomy include brain, lung, and
bone metastases; pancreatic lesions are not specifically
Outcome VEGFR subgroup Imm
subg

Best radiographic response
Frequency (N (%))

CR 2 (1.6) 5

PR 58 (45.0) 8

SD 60 (46.5) 15

PD 9 (7.0) 8

Median time on treatment (months,
IQR)

11.6 (4.0, 28.1) 6.5

Table 4: Cohort 2 best radiographic response and time on treatment by sub
mentioned.9 Presently, there are diverse practice pat-
terns with regards to management of pancreatic le-
sions.25 Pancreatectomy is associated with high
morbidity and many providers and patients opt against
surgery. Our findings suggest that systemic therapy
could bea reasonable approach for patients with oligo-
metastatic disease of the pancreas, though prospective
work will need to be done to establish direct statistical
significant between treatment modalities.

In Cohort 2, we evaluated the impact of systemic
therapy regimen (VEGFR, IO, or VEGFR/IO) in the 1L
setting on OS, ORR, best response, and median TOT.
The median OS was 90.8 months in patients treated
unotherapy
roup

Combination VEGFR/IO
subgroup

Total population

(13.9) 0 (0.0) 7 (3.9)

(22.2) 8 (50.0) 74 (40.9)

(41.7) 8 (50.0) 83 (45.9)

(22.2) 0 (0.0) 17 (9.4)

(3.0, 10.0) 15.0 (5.7, 21.3) 10.0 (3.7, 22.1)

group.
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Outcome High dose IL-2
therapy

Checkpoint
inhibitor
therapy

Best response to 1st line therapy (N (%)) CR 3 (18.8) 1 (5.6)

PR 1 (6.2) 7 (38.9)

SD 6 (37.5) 8 (44.4)

PD 6 (37.5) 2 (11.1)

Time on 1st line therapy (Month) Median (IQR) 7.5 (3.8, 9.2) 4.3 (2.7, 13.0)

Table 5: Cohort 2 best radiographic response and TOT by IO subtype.

Articles
with 1L VEGFR therapy, 92 months with 1L IO therapy,
and 75 months with 1L VEGFR/IO therapy. Given the
retrospective and observational nature of this study,
direct statistical comparison of treatment line outcomes
was not performed. Approximately 50% of patients in
the 1L VEGFR and IO groups received subsequent IO or
VEGFR therapies, respectively, indicating that access to
a subsequent therapy did not seem to be a confounding
factor in mOS. Within the IO group, patients treated
with HD-IL2 had a CR rate of 18.8% and TOT of 7.5
months. The CR rate of ICI 1L patients 5.6% and TOT
was 4.3 motnhs. However, as HD-IL2 is no longer
commonly used it is unclear the significance of this
finding.

The Cohort 2 population had a CR rate with IO
therapy of 13.9% and ORR with VEGFR-based regimens
of 46.6% for VEGFR alone, and 50% for VEGFR/IO.
The IO therapy alone CR was 36.1%. The median TOT
for 1L therapy in Cohort 2 was 15 months for the-
VEGFR/IO therapy cohort, and 6.5 months for IO alone
with the total population TOT reaching 10 months. This
is consistent with recent studies of VEGFR/IO combi-
nation studies showing improved median progression
free survival over VEGFR monotherapy in the mRCC
population.26,27

Significant work has investigated angiogenesis in-
hibition in metastatic tumors. In a comprehensive re-
view of tumor angiogenesis, Fidler and Kripke explain
how metastatic disease requires an established blood
supply and argue that rather than inhibiting de novo
angiogenesis, existing tumor capillary networks should
be the target of novel therapeutic agents.28 Pancreatic
RCC metastases have demonstrated heightened
angiogenesis, and enrichment for PBRM1 mutations
and concomitant decrease in BAP1 mutations, and an
uninflamed stroma.15 In a study of 654 mRCC patients
with metastases to the pancreas, liver, brain or lung
found the 58 patients with pancreatic metastases had
greater PBRM1 alterations (52% versus 25%)
compared to patients with other sites of metastases.
Patients with pancreatic metastases had a non-
immunogenic phenotype with a lower prevalence of
B cells and a higher proportion of NK cells present on
histology, and lower rates of PD-L1 positivity (7%
compared to 25%, p = 0.03).16 Given the difference in
OS based on site of metastases, researchers have per-
formed histologic analysis of pancreatic metastases of
RCC patients. In an analysis of 31 patients with mRCC
to the pancreas, patients demonstrated potential
sensitivity to antiangiogenic agents and resistance to
ICI therapy.15 Genomic analysis of primary tumors
from the cohort revealed favorable mutations in
PBRM1, 3p loss, and 5q amplification were common
whereas more aggressive mutation such as BAP1, loss
of 9p, 14q and 4q were less common.15 Pancreatic
metastases had a distinct molecular profile with higher
rates of PBRM1, ALK, and NTRK3 alterations and
www.thelancet.com Vol 60 June, 2023
lower rates of CDKN2A, BAP1 and MTAP alterations,
and lower PD-L1 positivity.16

These studies demonstrate that the inherent mech-
anism of pancreatic metastases in mRCC may differ
from other sites of disease. Pancreatic metastases may
have a less immunogenic phenotype which may be
important in determining future therapeutic options.
These observations generate one hypothesis that
VEGFR treatment may be more effective than IO for
this population, as has been previously suggested. In a
retrospective review of over 10,000 mRCC patients
treated from 2002 to 2019 it was demonstrated that OS
of patients with pancreatic metastases was greatest at
44.7 months (95% CI 36.4, 50.0) compared to the OS of
16 months (95% CI 13.7, 18.8) for patients with pleural
metastases.4 Consistent with previous observations, we
found that TOT for ICI was 4.3 months compared to
11.6 months with VEGFR.

This data argues for future histological work to be done
on a larger study population to determine if this finding of
antiangiogenic responsiveness holds. We are currently
evaluating tissue biomarkers of mRCC in patients with
pancreas metastases to better understand the biology of
these tumors. If data demonstrates a predilection for tu-
mor response to certain therapies, this will allow for
further prospective trial work to be done on personaliza-
tion of cancer directed therapy based on metastatic site of
disease. Analysis of tissue markers in conjunction with
laboratory review of patients with oligometastatic disease
will hopefully result in the development of prognostic
models for RCC patients with metastatic disease to guide
ideal therapeutic regimens going forward.

We are currently evaluating tissue biomarkers of
mRCC in patients with pancreas metastases to better
understand the biology of these tumors. If data dem-
onstrates a predilection for tumor response to certain
therapies, this will allow for further prospective trial
work to be done on personalization of cancer directed
therapy based on metastatic site of disease. Analysis of
tissue markers in conjunction with laboratory review of
patients with oligometastatic disease will hopefully
result in the development of prognostic models for RCC
patients with metastatic disease.

Our study had several limitations. The retrospective
study design could have introduced multiple selection
9
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biases. While data were collected on possible con-
founding factors that may have affected OS, such as
crossover between VEGFR and IO in subsequent lines
of treatment and local treatment administered for
pancreatic metastases, the retrospective nature of this
study limits a study of causality between these factors.
As our patient population spanned over twenty years of
diagnoses, we acknowledge that the treatment land-
scape for mRCC has changed significantly during this
time with the advent of VEGFR and ICI. Prior to 2005,
cytokine-based treatments including HD-IL2 were
standard of care. Between 2005 and 2015, patients
were treated with VEGFR and mTOR inhibitors in the
targeted therapy era. The approval of nivolumab in
2015 heralded the ICI era for mRCC and multiple
combination therapies have been approved in the 1L
setting since 2018.29 Development and use of evolving
novel therapies may have affected OS for various
subgroups. Median follow up time was shorter for the
Cohort 2 subgroups receiving immune checkpoint in-
hibitor therapy and combination VEGF/IO therapy due
to the fact that these lines of therapy have not been
approved for mRCC as long as single agent VEGFR.
Therefore, true median overall survival may be longer
for patients with mRCC treated with these options;
however, a longer follow up period will be needed to
determine this.

Another limitation is our small sample size of pa-
tients undergoing radiation therapy for pancreatic me-
tastases, precluding further analysis on outcomes for
this treatment subgroup. Given that prior studies have
demonstrated the validity of SBRT to oligometastatic
disease, it will be necessary to study outcomes of larger
cohorts of patients undergoing radiation therapy in
comparision with surgical intervention and systemic
therapy.

Data collection was standardized between in-
stitutions with a common data dictionary and data
collection template, but each institution was responsible
for independent data collection. Bias may have affected
data collection given that multiple individuals were
responsible for collection. Additionally, the data
regarding best radiographic response to treatment was
determined by individuals at each institution. Radio-
graphic images were not collected from each site for
central or blinded review. Given the retrospective nature
of this study there were mssing data which may have
affected our outcomes. The nature of a retrospective
chart review across multiple decades, instituions, and
treatment types limited the ability for direct comparision
between the treatment subtypes.

In conclusion, our work represents the largest review
of patients with mRCC to the pancreas examining OS
based on 1L systemic therapy. Our study, which
included patients treated with contemporary ICI and
combinations, confirms prior knowledge that in-
dividuals with pancreatic metastases generally have
longer OS and improved time on therapy with VEGFR.
In this retrospective study with heterogeneous popula-
tion treated over two decades, there were no statistically
significant mOS differences noted when stratified by
first-line therapy. Future research will be needed to
determine whether mRCC patients with pancreatic
metastases require a different initial treatment strategy.
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