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Abstract.
BACKGROUND: Bim (BCL-2-interacting mediator of cell death) is a downstream pro-apoptotic signaling molecule activated by the PD-1 pathway.
OBJECTIVE: We sought to determine if Bim expression in peritumoral T-lymphocytes (PTLs) is associated with survival
in patients with metastatic clear cell renal cell carcinoma (ccRCC).
METHODS: Immunohistochemistry staining for Bim was performed on paraffin-embedded tumor tissue blocks from patients
with metastatic ccRCC who underwent nephrectomy between 1990-2004. Associations of Bim expression with cancer-specific
survival (CSS) and overall survival (OS) from date of metastasis were evaluated using multivariable Cox regression models,
adjusting for age, sex, and metastases-score.
RESULTS: 525 patients with metastatic ccRCC, of whom 169 (32%) had metastases at time of nephrectomy were studied.
After multivariable adjustment, high Bim expression remained associated with worse CSS (HR = 1.31; 95%CI 1.07–1.59;
p = 0.008) and OS (HR = 1.28; 95%CI 1.06–1.55; p = 0.01). The interaction between Bim and PD-L1 was not statistically
significant for CSS (p = 0.68) or OS (p = 0.57), suggesting that the associations between Bim and survival outcomes were not
significantly different based on tumor PD-L1 expression.
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CONCLUSION: High Bim expression in PTLs at nephrectomy is prognostic of worse CSS and OS in patients with metastatic
ccRCC, irrespective of tumor PD-L1 expression. The role of earlier PD-1/PD-L1-directed therapy warrants evaluation in
these patients.
Keywords: Kidney neoplasms, metastasis, nephrectomy, renal cell carcinoma

BACKGROUND
Approximately 20–30% of patients with renal cell
carcinoma (RCC) present with metastatic disease and
10–20% of patients who undergo nephrectomy for
clinically localized RCC eventually develop metastases [1–3]. The outcomes for these patients are
heterogeneous [4]. Notably, there is a subgroup of
patients who benefit from a durable cancer-specific
survival (CSS) [4, 5] and some even experience
spontaneous regression of metastases [6, 7]. The biological underpinnings of this phenomenal response
in the setting of metastatic disease remain to be fully
elucidated.
The importance of the interplay between cancer
and the immune system has become increasingly
evident in recent years. Several malignancies, including RCC, can induce immune tolerance to evade the
immune system [8]. It is now recognized that some
cancers may exploit the PD-1 pathway to achieve
this feat. The PD-1 pathway acts to suppress Tlymphocyte immune response in peripheral tissues to
prevent an immune response against autologous cells
[9]. PD-1 is expressed on the surface of a number of
immune cells, including monocytes, T-lymphocytes,
antigen-presenting cells, and tumor-infiltrating lymphocytes. Aberrant expression of PD-L1 by RCC
cells can induce T-lymphocyte dysfunction, exhaustion, and neutralization [10].
Bim (BCL-2-interacting mediator of cell death) is
a downstream pro-apoptotic signaling molecule in
tumor reactive CD8 + T-cells. Interaction of tumoral
PD-L1 with PD-1 on the cell surface of T-cells leads
to the upregulation of Bim in tumor-reactive CD8 + Tcells [11]. In this regard, increased expression of Bim
in tumor infiltrating lymphocytes may be indicative
of the tumor’s ability to evade the immune system.
Therefore, in addition to evaluating expression of
PD-L1 among tumor cells, it may also be informative to evaluate levels of Bim expression, which may
provide a direct demonstration of the PD-1 pathway
activation.
To understand the potential role of PD-1 pathway
activation in metastatic clear cell RCC (ccRCC) outcomes, we sought to determine if Bim expression in

peritumoral lymphocytes (PTLs) is associated with
survival in patients with metastatic ccRCC, with the
hypothesis that higher Bim expression would be predictive of worse survival.
METHODS
Study design and participants
The study was performed in accordance with the
Declaration of Helsinki. Ethical approval was provided by Mayo Clinic (IRB#16-006461).
Following Institutional Review Board approval,
the Mayo Clinic Nephrectomy Registry was used to
identify 607 patients with ccRCC who underwent
radical or partial nephrectomy between 1990 and
2004. Both patients who had metastases at diagnosis (M1) and those who were M0 at diagnosis and
subsequently developed metastases were included
[4]. Exclusions were receipt of systemic treatments
before surgery (n = 5) and insufficient tissue available
for immunohistochemistry (n = 77).
Tumor tissue immunohistochemical (IHC)
staining and quantiﬁcation
Archival
formalin-fixed
paraffin-embedded
(FFPE) tissue blocks were retrieved from our tissue
registry, and tissue sectioning and IHC staining were
performed at the Mayo Clinic Pathology Research
Core using the Leica Bond RX stainer (Leica). FFPE
tissues were sectioned at 5 microns and IHC staining
was performed on-line. As we previously reported,
slides for Bim stain were run for 20 minutes using
Epitope Retrieval 1 (Citrate; Leica) [12]. The Bim
primary antibody (Rabbit Monoclonal, Cell Signaling) was diluted to 1:100 in Background Reducing
Diluent (Dako) and incubated for 15 minutes.
The detection system used was Polymer Refine
Detection System (Leica). This system includes
the hydrogen peroxidase block, post primary and
polymer reagent, DAB, and Hematoxylin. Immunostaining visualization was achieved by incubating
slides 10 minutes in DAB and DAB buffer (1:19
mixture) from the Bond Polymer Refine Detection
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System. To this point, slides were rinsed between
steps with 1X Bond Wash Buffer (Leica). Slides were
counterstained for five minutes using Schmidt hematoxylin (not provided with Refine kit) and molecular
biology grade water (1:1 mixture), followed by several rinses in 1X Bond wash buffer and distilled water.
Once the immunochemistry process was completed,
slides were removed from the stainer and rinsed in
tap water for five minutes. Slides were dehydrated in
increasing concentrations of ethyl alcohol and cleared
in three changes of xylene prior to permanent coverslipping in xylene-based medium.
Whole tissue slides were reviewed and quantification of Bim expression was performed by a urologic pathologist (J.C.C.). Bim-positive PTLs were
assessed, with the highest number of cells per high
power field (hpf) recorded.
Clinical variables, outcomes, and statistical
methods
Features collected at the time of the nephrectomy included year, age, sex, symptoms, Eastern
Cooperative Oncology Group (ECOG) performance
status, Charlson score, tumor size, the 2018 primary tumor and regional lymph node classifications,
presence and level of tumor thrombus, WHO/ISUP
grade, coagulative tumor necrosis, and sarcomatoid
differentiation. Patients with a palpable flank or
abdominal mass, discomfort, gross hematuria, acute
onset varicocele, or constitutional symptoms including rash, sweats, weight loss, fatigue, early satiety,
and anorexia were considered symptomatic. Features
specific to the distant metastases included the timing of metastases in relation to the nephrectomy,
metastases arising in the lungs, bone, and liver, multiple sites of metastases, and complete resection of
all involved metastatic sites. Additionally, our previously reported Metastases Score, which is based
on presence of constitutional symptoms, bone metastases, liver metastases, multiple metastases, tumor
thrombus, time from nephrectomy to metastases,
whether complete resection of metastatic RCC was
performed, grade, and presence of coagulative tumor
necrosis was calculated [4].
The co-primary outcomes were CSS and overall
survival (OS) as estimated using the Kaplan-Meier
method, measured from onset of metastatic disease
to death or last follow-up. To avoid immortal time
bias, the onset of metastatic disease was considered
the date of nephrectomy for patients with metastases
at initial diagnosis (M1) and the date of detection
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of metastases for patients who were non-metastatic
(M0) at initial diagnosis.
The clinical and pathologic features studied were
summarized with medians and interquartile ranges
(IQRs) or frequency counts and percentages. Comparisons of features between groups were performed
using Wilcoxon rank sum and chi-square tests.
Associations with survival outcomes were evaluated
using Cox proportional hazards regression models.
All models were adjusted for year of nephrectomy
to account for changes in clinical and pathologic
features at nephrectomy over time. To understand
whether the associations of Bim with survival
outcomes were different based on tumor PD-L1
expression, we evaluated the subset of patients with
data on both markers, and added PD-L1 expression
and an interaction term with Bim to the multivariable
models.
Statistical analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC) and R version 3.2.3
(R Foundation for Statistical Computing, Vienna,
Austria). All tests were two-sided and p-values < 0.05
were considered statistically significant.
RESULTS
The final cohort included 525 patients with
metastatic ccRCC, of whom 169 (32%) had metastases at the time of nephrectomy and 356 (68%) of
whom were diagnosed with metastatic disease after
nephrectomy.
Median peritumoral Bim expression was 20
PTLs/hpf (IQR 3–66; range 0–350; Fig. 1). There
was evidence that the association of Bim expression
with death from any cause and death from RCC was

Fig. 1. Bim positive rhabdoid cell (thick arrow) and intra-tumoral
Bim positive lymphocyte (thin arrow).
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Table 1
Cohort characteristics
Variables

Low PTL Bim
expression
n = 265

High PTL Bim
expression
n = 260

p-value

Continuous variables
Age in years
Charlson score
Tumor size in cm (n = 263:259)
Metastases score
Categorical variables
Female sex
Any symptoms
Constitutional symptoms
ECOG performance status
0
1
2
3
pT stage (n = 264:259)
pT1
pT2
pT3
pT4
Tumor thrombus
None
Level 0
Level 1
Level 2
Level 3–4
pN1 stage
Grade
1
2
3
4
Coagulative tumor necrosis
Sarcomatoid differentiation
Timing of metastases in relation to nephrectomy
M1
M0 ≤ 2 years
M0 > 2 years
Pulmonary metastases
Bone metastases
Liver metastases
Number of metastatic sites
1
2
3+
Complete resection of all metastatic sites

Median (IQR)
61 (52–68)
1 (0–6)
8.0 (6.0–10.5)
3 (0–5)
n (%)
75 (28)
183 (69)
66 (25)

Median (IQR)
63 (55–70)
2 (0–6)
10.0 (7.2–12.0)
5 (2–8)
n (%)
73 (28)
186 (72)
95 (37)

244 (92)
19 (7)
1 (<1)
1 (<1)

216 (83)
33 (13)
8 (3)
3 (1)

0.001

63 (24)
65 (25)
129 (49)
7 (3)

36 (14)
60 (23)
151 (58)
12 (5)

< 0.001

185 (70)
46 (17)
11 (4)
10 (4)
13 (5)
20 (8)

157 (60)
50 (19)
15 (6)
22 (8)
16 (6)
42 (16)

0.02

6 (2)
75 (28)
155 (58)
29 (11)
115 (43)
11 (4)

1 (<1)
21 (8)
171 (66)
67 (26)
177 (68)
34 (13)

< 0.001

75 (28)
78 (29)
112 (42)
140 (53)
64 (24)
26 (10)

94 (36)
99 (38)
67 (26)
152 (58)
55 (21)
22 (8)

< 0.001

224 (85)
27 (10)
14 (5)
91 (34)

207 (80)
44 (17)
9 (3)
72 (28)

0.2

0.03
0.002
< 0.001
< 0.001
0.9
0.5
0.004

0.002

< 0.001
< 0.001

0.2
0.4
0.6

0.1

Abbreviations: PTL = peritumoral lymphocytes; Bim = BCL-2-interacting mediator of cell death; ECOG = Eastern
Cooperative Oncology Group.

not linear; as such, Bim expression was categorized
at the median for the remaining analyses.
Patients with high (> 20/hpf) Bim expression in
PTLs were slightly older (median age 63 versus 61
years; p = 0.03), had larger tumors (median 10 cm
versus 8 cm; p < 0.001), were more likely to have constitutional symptoms (37% versus 25%; p = 0.004),
had higher pT-stage (p < 0.001), were more likely to

have pathologic nodal involvement (16% versus 8%,
p = 0.002), had higher grade disease (p < 0.001), were
more likely to have coagulative necrosis (68% versus 43%; p < 0.001) and sarcomatoid differentiation
(13% versus 4%; p < 0.001), and had higher Metastases Scores (median 5 versus 3; p < 0.001) compared
with patients with low (≤20) Bim expression in PTLs
(Table 1).
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Table 2
Association between PTL Bim expression and survival outcomes
Outcome
Death from RCC
Univariable
Adjusted for metastases score
Adjusted for age, sex, metastases score
Death from any cause
Univariable
Adjusted for metastases score
Adjusted for age, sex, metastases score

High vs. Low Bim expression HR
(95% CI)

p-value

1.58 (1.31–1.92)
1.31 (1.08–1.59)
1.31 (1.07–1.59)

< 0.001
0.006
0.008

1.57 (1.30–1.89)
1.32 (1.09–1.59)
1.28 (1.06–1.55)

< 0.001
0.004
0.01

Legend: RCC = renal cell carcinoma; Bim = BCL-2-interacting mediator of cell death; HR = hazard ratio;
CI = confidence interval.

Fig. 2. Survival outcomes according to PTL Bim expression.
Abbreviations: Bim = BCL-2-interacting mediator of cell death.

At a median follow-up of 9.5 years (IQR 4.2–13.1),
468 patients had died, including 434 who died from
RCC. Median CSS and OS occurred at 1.7 and 1.6
years, respectively. The survival outcomes of CSS
and OS stratified by Bim expression in PTLs are illustrated in Fig. 2. High (>20/hpf) versus low (≤20/hpf)
Bim expression in PTLs was associated with worse
CSS (p < 0.001; Fig. 2a) and worse OS (p < 0.001;
Fig. 2b).

Cox proportional hazards models are shown in
Table 2. On univariable analysis, high Bim expression in PTLs was associated with worse CSS
(HR = 1.58; 95%CI 1.31–1.92; p < 0.001). After multivariable adjustment for age, sex, and Metastases
Score, high Bim expression in PTLs remained significantly associated with worse CSS (HR = 1.31;
95%CI 1.07–1.59; p = 0.008). Likewise, on univariable analysis, high Bim expression in PTLs was
associated with worse OS (HR = 1.57; 95%CI 1.30–
1.89; p < 0.001). Upon multivariable adjustment for
age, sex, and Metastases Score, high Bim expression
in PTLs also remained significantly associated with
worse CSS (HR = 1.28; 95%CI 1.06–1.55; p = 0.01).
Upon stratifying by tumor PD-L1 (B7-H1) expression among the 453 patients with data on both
markers, median Bim expression in PTLs was higher
in PD-L1 positive tumors (median 51 PTL/hpf,
IQR 22–94) than PD-L1 negative tumors (median
15 PTLs/hpf, IQR 2–60; p < 0.001; Fig. 3). The
interaction between Bim and PD-L1 was not statistically significant for CSS (p = 0.68) or OS (p = 0.57),
suggesting that the associations between Bim and
survival outcomes were not significantly different
based on tumor PD-L1 expression. The interaction
term between Bim and M0 versus M1 classification
at nephrectomy was not significant for CSS (p = 0.35)
or OS (p = 0.36), suggesting that the associations
between Bim and survival outcomes were not significantly different based on metastatic classification
at the time of nephrectomy.
DISCUSSION
In this study, we found that high Bim expression in
PTLs at nephrectomy, a marker of PD-1 pathway activation leading towards apoptosis in tumor-reactive
lymphocytes, was associated with adverse pathologic
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Fig. 3. Number of Bim-positive peritumoral lymphocytes among
PD-L1 positive versus PD-L1 negative tumors. Abbreviations:
Bim = BCL-2-interacting mediator of cell death; PD-L1 = programmed death ligand-1.

features and significantly associated with worse CSS
and OS. As expected, Bim expression in PTLs was
higher for PD-L1 positive tumors than PD-L1 negative tumors. However, the interaction between Bim
and PD-L1 was not statistically significant for CSS
or OS, suggesting that the associations between Bim
and survival outcomes were not significantly different
based on tumor PD-L1 expression.
PD-1, upon interaction with PD-L1, controls
peripheral tolerance by inhibiting T-lymphocyte
proliferation, cytokine production, and cytotoxic
capabilities, thereby reducing the effectiveness of
the T-cell response [13]. PD-L1 expression is not
observed in normal kidney tissue and its aberrant expression is associated with both primary
and metastatic RCC [14]. Expression of PD-L1 has
been associated with more advanced tumor stage,
increased tumor size, necrosis, and sarcomatoid
differentiation, and worse 5-year CSS [15]. Additionally, increased preoperative PD-L1 levels have
been associated with higher tumor stage, grade, and
decreased survival [16]. Our data further affirm that
inactivating tumor-infiltrating lymphocytes is associated with impaired survival.
While our group is the first to report on the
impact of PTL Bim expression in metastatic ccRCC,
our results are consistent with other studies in the
melanoma literature. Dronca et al. reported that high
levels of Bim in circulating tumor-reactive T-cells
were prognostic of poor survival in patients with

metastatic melanoma who didn’t receive anti-PD-1
therapy, which parallels our findings [11]. Since the
limitation of IHC in quantitative evaluation of T cell
markers, we did not exact know the immuophenotype
of Bim in PTL. Given the location of Bim positive
PTL and in context of PD-L1 positive tumor cells,
we assume the Bim PTLs are likely PD-1 positive
cells rather than PD-1 negative cells as we previously
reported that PD-L1 only increases Bim expression
in PD-1 positive cells [11].
Notably, Bim expression in malignant cells may
serve a tumor-suppressor role, which is opposite to
the effect of its expression in PTLs [17]. For example, one study found that loss of Bim expression in
tumoral cells was associated with reduced apoptosis sensitivity [17]. Meanwhile, Bim expression in
tumoral cells has been shown to reduce as melanoma
progresses, and reduced Bim expression was found to
be significantly associated with poor 5-year survival
of melanoma patients [18].
There are several potential clinical applications
of Bim that are worth exploring. First, pending further validation, it is possible Bim expression in
T-lymphocytes may be a useful prognostic marker
in metastatic ccRCC. Second, it will be worthwhile
to evaluate whether Bim is a predictive biomarker for
response to PD-1/PD-L1-directed therapy. To date,
data on tumoral expression of PD-L1 as a predictive
biomarker for tumor response to anti-PD-1 therapy
have been underwhelming [19, 20]. Given that Bim
is a downstream mediator, thus indicating actual PD1 pathway activation, it is possible that Bim may be
a better predictive biomarker. Third, it is possible
that Bim may be a potential future target for systemic therapy in metastatic ccRCC [11, 21]. Given
recent data supporting the combination of nivolumab,
an anti-PD-1 directed therapy, and ipilimumab, an
anti-CTLA4 directed therapy, [20] it is possible that
combining existing checkpoint inhibitors with an
agent targeting Bim may be of value.
There are several limitations worth mentioning.
First, we evaluated an older retrospective cohort.
While this allows us to better understand how this
marker impacts the natural history of metastatic
ccRCC and allows for more meaningful follow-up
and events, validation in a contemporary cohort is
needed. Second, 77 patients did not have sufficient
tissue available for IHC staining. However, after multivariable adjustment for age, sex, and Metastases
Score, there were no statistically significant differences in CSS (p = 0.7) or OS (p = 0.8) between those
with and without tissue available for analysis. Third,
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we were unable to assess heterogeneity of PTL Bim
expression (and tumoral PD-L1 expression) within
different areas of the primary tumor, among different metastatic sites, and even among circulating
T-lymphocytes. Prospective study of peripheral blood
mononuclear cell samples to assess Bim expression in circulating T-lymphocytes in patients with
RCC is underway. However, our analysis evaluating the interaction between PTL Bim expression and
tumoral PD-L1 expression suggests that the associations between Bim expression and survival outcomes
are not significantly different among patients with
PD-L1 positive and negative tumors.

[2]

CONCLUSION

[8]

Our study found that expression of Bim, a downstream pro-apoptotic mediator of the PD-1 pathway,
in PTLs is associated with adverse pathologic features
and worse CSS and OS in patients with metastatic
ccRCC who have undergone nephrectomy. Further
work is needed to characterize the value of Bim
expression in PTLs as a prognostic marker and to
determine if these patients warrant earlier consideration for novel PD-1/PD-L1 directed agents.
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