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A B S T R A C T

Studies assessing tumor-infiltrating lymphocytes (TILs) in clear cell renal cell carcinoma (ccRCC) and clinical
outcomes have mixed results. Given fundamental interaction of MHC class I with CD8+ T-cells, we hypothesized
that expression of MHC class I associated protein, beta-2-microglobulin (B2M), may be an important im-
munologic marker in RCC. We sought to understand potential implications of CD8 + TILs and tumor B2M
expression on overall survival and response to high-dose interleukin-2 (IL-2) therapy, in a cohort of patients with
high-stage (clinical stage III and IV) ccRCC. Four tumor regions from 56 patients with ccRCC were retro-
spectively assessed immunohistochemically. At a median follow-up time of 33 months, 22 (39%) patients had
died of disease, 23 (41%) were alive disease, and 11 (20%) had no evidence of disease. Tumors with high
CD8 + TILs had a significantly lower death rate [hazard ratio (HR): 0.33, p= 0.02]. CD8 + TILs correlated with
B2M expression (p= 0.007). On multivariable analyses, patients with both high B2M and CD8 + TILs had lower
death rate (HR: 0.27, p = 0.03). Within the subgroup treated with IL-2 (n = 27, 48%), tumors with high
CD8 + TILs were more likely to respond to IL-2 therapy [coefficient (coef): 1.6, p = 0.05]. On multivariable
analyses, tumors with a combination of both high B2M expression and high CD8 + TILs also showed trend to
responding to IL-2 therapy (coef: 2.5, p = 0.06). In conclusion, abundant CD8+ TILs and high tumor expression
of beta-2-microglobulin were good prognostic indicators associated with longer survival in patients with high-
stage ccRCC. Abundant CD8+ TILs may predict response to IL-2 therapy.

1. Introduction

There are multiple investigations of the tumor microenvironment in
renal cell carcinoma (RCC) [1], and conflicting results regarding
prognostic impact of tumor infiltrating lymphocytes (TILs) [2,3], al-
though it has been generally concluded that immune response and
outcome are closely linked [4]. Although studies of other cancers have
revealed favorable correlation between increased numbers of TILs and
survival [5-7], some studies of RCC including those examining CD8+
TILs have corroborated a similar phenomenon while others have not
[3,4,8-12]. Beta-2-microglobulin (B2M) is found on the surface of all
nucleated cells and acts to stabilize the major histocompatibility com-
plex (MHC) class I trimer by non-covalently bonding to the alpha-3

subunit [13]. Extrinsic anchoring of B2M is required for cells, including
tumor cells, to express MHC class I and participate in tumor-antigen
processing via CD8+ T-cells [4,13-15].

Before the advent of tyrosine kinase and checkpoint inhibitors, the
mainstay of treatment for advanced RCC was the cytokines interleukin-
2 (IL-2) and interferon-alpha [16]. High-dose IL-2 therapy is effective
against advanced stage clear cell RCC (ccRCC) [16,17], but use is
limited by toxicity and lack of distinct biomarkers predicting response.
Since cytotoxic T-cell TILs have been associated with a better prognosis
in some studies, we hypothesized that 1) increased tumor B2M ex-
pression would be associated with higher CD8+ T-cell response and
potentially better prognosis, and 2) tumor B2M expression and TILs
could potentially predict response to IL-2 therapy, in patients with high-
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stage RCC.

2. Materials and methods

This study was approved by the Oregon Health & Science University
and University of Washington Institutional Review Boards. 56 patients
with high-stage ccRCC were retrospectively identified; high-stage was
defined as pathologic stage T3 (AJCC 8th edition) and/or nodal or
metastatic disease at presentation, which corresponded with clinical
stage III or IV disease. Nephrectomy specimens (n = 47) or metastases
(n = 9) were reviewed, and four tumor regions were assessed: highest
grade (HG), highest density of TILs (HD), infiltrative margin (IM), and
central tumor (CT), as previously described [5]. These were examined
by (TMA) (n = 25) or whole slide (n = 31) (Olympus BX43, Tokyo,
Japan).

Given previously described pilot immunohistochemical findings
identified with PD-L1 (Cell Signaling, Danvers MA, USA; clone E1L3N,
1:200), CD4 (Cell Marque, Rocklin CA, USA; clone SP35, 1:25), CD8
(Leica/Novocastra, Buffalo Grove IL, USA; clone 4B11, 1:200), CD25
(IL-2 receptor; Cell Marque, Rocklin CA, USA; clone 4C9, 1:100), FoxP3
(Abcam, Cambridge UK; clone 236A/E7, 1:100), Gata3 (Biocare,
Pacheco CA, USA; clone L50-823, ready-to-use), Tia1 (Immunotech,
Marseille France; clone 2G9A10FS, 1:500) and summarized below [18],
the cohort of 56 patients was evaluated by H&E and CD8 and B2M
immunohistochemistry (Abnova, Taipei, Taiwan; clone 3F9-2C2,
1:5000). CD8+ cells infiltrating the tumor and B2M+ tumor cells were
both manually counted per high-powered (400×) microscopic field.
CCRCC was considered CD8 + TIL high if both 4-point case median
exceeded the overall group median (61/400×) and CD8 + TILs in HD
area exceeded HD median (138/400×). For B2M, positive tumor cells
showed membranous staining, and the percentage of positive tumor
cells in each region was evaluated; the case was considered B2M high if
4-point case median exceeded overall group median (7.5%). Clinical
follow-up was available in all patients. Primary outcome was death.
Statistical analyses were performed in Stata 13 (College Station, TX,
USA). Findings were correlated with other parameters and outcome
data using Fischer's exact tests, logistic regression, and Cox proportional
hazard analyses. A p-value less than or equal to 0.05 was considered
statistically significant.

3. Results

Detailed pathologic findings from 56 patients (40 men, 16 women;
median age 60 years) with high-stage ccRCC are summarized in Fig. 1;
most patients had WHO/ISUP nucleolar grade 3 tumors and presented
at AJCC stage pT3NXM0. Eleven patients (20%) presented with meta-
static disease (7 lung, 2 adrenal, 1 bone, 1 lymph node). Forty-seven
(85%) had stage pT3 tumors including 29 (52%) pT3a, 14 (25%) pT3b,
2 (4%) pT3c, and 2 (4%) pT3 not sub-staged. Eighteen (33%) had grade
4 tumors including 5 with sarcomatoid and 2 with rhabdoid differ-
entiation. Twenty-seven patients (48%) were treated with high dose IL-
2, and 30 (54%) received other therapies including a multitargeted
tyrosine kinase and/or VEGF inhibitor (n= 26), PD-1 inhibitor (n= 3),
and/or mTOR inhibitor (n = 8). At a median follow-up time of
33 months, 22 (39%) patients had died of disease, and 34 (61%) were
alive: 23 (41%) of whom had known disease and 11 of whom (20%) had
no evidence of disease. Thirty-two (57%) of patients had experienced
subsequent metastasis. Among established prognostic variables, lymph
node metastases at presentation was associated with death [hazard
ratio (HR): 2.93, 95% confidence interval (CI): 1.02–8.39, p = 0.04];
grade 4 tumors showed a non-significant trend toward higher mortality
when compared with grade 2 and 3 tumors (HR: 2.19, 95%CI: 0.94–5.1,
p = 0.07), and clinical stage IV patients (n = 17, 30%) had a non-
significant trend toward higher mortality (HR: 2.16, 95%CI: 0.87–5.4,
p = 0.09) than clinical stage III patients (n = 39, 70%).

A pilot cohort of 22 cases was first tested with a panel of multiple

immunologic immunohistochemical markers, including PD-L1, CD8,
CD4, CD25 (IL-2 receptor), FoxP3, Gata3, and Tia1. Of these, only
CD8+ TILs (p = 0.01) were associated with survival; CD4+ TILs
(p = 0.07), FoxP3+ TILs (p = 0.10), PD-L1, CD25+ TILs, Gata3+
TILs, TIA1+ TILs, and CD8/CD4 ratios were not significantly associated
with survival nor IL-2 response [18].

Based on pilot results, the total cohort of 56 patients was tested with
CD8 and B2M. CD8 + TILs correlated with B2M expression
(p = 0.007); 39% of cases were both CD8 + TIL high and B2M high,
and 33% were low for both (Fig. 2). On univariate analysis, tumors with
high CD8 + TILs had a significantly lower death rate (HR: 0.33; 95%CI:
0.13–0.87, p= 0.02, Fig. 3), and there was a similar but non-significant
trend for B2M high tumors to have longer survival (HR: 0.38; 95%CI:
0.14–1.0, p = 0.06). On multivariable analyses, patients with a com-
bination of both high B2M expression and high CD8 + TILs had lower
death rate (HR: 0.27, CI: 0.08–0.89, p = 0.03, Fig. 3). CD8+ TILs
correlated with lymphocyte count on H&E (p = 0.05) and the patho-
logist's gestalt impression of abundant TILs (p= 0.03), but there was no
significant association between CD8+ TILs and any of the other tested
baseline variables, including sex, age, stage at presentation, or WHO/
ISUP nucleolar grade.

Within the total cohort, 27 (48%) patients were treated with IL-2. In
this subgroup, at a median follow up time of 36 months, 5 (19%) had
complete remission with no evidence of disease at last follow-up, 12
(44%) were alive with disease, and 10 (37%) had died of disease. There
was a non-significant trend for patients who responded to IL-2 therapy
to remain alive at the end of analysis (83% of responders alive vs. 17%
dead of disease, compared with 50% of non-responders alive vs. 50%
dead of disease, p = 0.08). Within the cohort treated with IL-2, tumors
with high CD8 + TILs were more likely to respond to IL-2 therapy
[coefficient (coef): 1.6, p = 0.05]. On multivariable analyses, tumors
with a combination of both high B2M expression and high CD8 + TILs
also showed trend to responding to IL-2 therapy (coef: 2.5, p = 0.06).
The relationship between high CD8+ TILs and survival was stronger for
the subgroups treated with IL-2 (HR: 0.09, 95%CI: 0.1–0.8, p = 0.03)
and clinical stage III ccRCCs (HR: 0.24, 95%CI 0.06–0.8, p= 0.03) than
for the overall cohort including stage IV ccRCCs (Fig. 3).

4. Discussion

In this study, we evaluated patients with high-stage clear cell RCC
from two institutions, selected as they are more likely to die from dis-
ease and/or be considered for adjuvant systemic therapy. We analyzed
TILs and B2M expression – a component of the MHC class I complex
required for immune presentation to CD8+ T-cells – in four distinct
location, as this “immunoscore”-based evaluation has shown prognostic
significance in other cancers [5]. After examination of an initial panel
of immunohistochemical markers, we identified abundant CD8+ TILs
and high tumor cell expression of B2M as good prognostic indicators
associated with longer survival. As far as we are aware, this is the first
time an “immunoscore”-type approach has been utilized for ccRCC.
Compared with prior studies, cytotoxic T-cell TILs have been generally
associated with better oncologic outcome [19], although increased T-
cells have not indicated a better prognosis in all RCCs [2]. Differences
in our results may be due in part to cohort selection, methodologic
differences, and limitations inherent to assessing immune system
function and cellular interactions by immunohistochemistry on a single
slide.

In addition to prognostic value, we demonstrate that abundant
CD8+ TILs may predict response to IL-2 therapy. The findings suggest
that response to IL-2 therapy may in part reflect a pre-existing im-
munologic milieu that has already recognized the carcinoma and gen-
erated TILs. High dose IL-2 was approved for treatment of metastatic
RCC 28 years ago [20]. While IL-2 therapy has been supplanted by
immune checkpoint inhibitors (ICIs), it is still used in limited settings as
a standalone treatment [21-23]. Recent and ongoing studies combine
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IL-2 with ICIs, such as the anti-PD-1 agent pembrolizumab [21,24]. One
study looking at the combination of pembrolizumab and high dose IL-2
reports a preliminary response rate of 72% response rate, which was
greater than either of the two therapies combined [24]. Currently there

is no guidance beyond clinical status on how to choose which patients
will respond to IL-2 therapy [16,21]. Previous studies have correlated a
better response with clear cell histology, and one examined the com-
bination of clear cell histology and carbonic anhydrase IX expression,
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Fig. 1. Detailed pathologic findings from 56 patients with high-stage clear cell renal cell carcinoma.
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Fig. 2. Top row: in clear cell RCC, CD8+ tumor infiltrating lymphocytes (TILs) were associated with tumor beta-2-microglobulin expression, a component of the
MHC class I complex required for immune presentation to CD8+ T-cells. Bottom row: ccRCCs with low numbers of CD8+ TILs had little or no tumor cell expression
of beta-2-microglobulin (all images at 100×).
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but found this did not improve selection criteria [25]. Toxicity and side
effect profiles, combined with inconsistent results and non-standardized
treatment [26], make additional criteria for treatment beneficial. Thus
the association between abundant CD8+ TILs and IL-2 response ob-
served in our study could be used to help identify patients likely to
benefit from this therapy in the future.

Finally, we identified a correlation between tumor beta-2-micro-
globulin expression and CD8+ TILs. Without B2M, MHC class I anti-
gens are not expressed on the cell's surface, which leads to a lack of
trained cytotoxic T-cells [13]. Loss of MHC expression and subsequent
loss of antigen presentation has long been studied as a method of tumor
escape [27]. Loss of B2M also has been linked to worse prognoses for
patients receiving cytokine therapies [15,28,29]; further, RCCs with
low B2M expression in the cancer genome atlas (TCGA) have shown
modestly lower survival rates [30]. In our study, we demonstrate the
association between CD8+ TILs and high tumor B2M expression, which
likely increases CD8+ TIL recruitment and activity, and we demon-
strate the improved prognosis in clinical stage III and IV ccRCCs with
both high B2M expression and CD8+ TILs. Expression of B2M warrants
additional investigation as a prognostic marker in other cancers.

Limitations of this study include its retrospective nature, and the
findings should be confirmed in larger, prospective studies. Like other
retrospective studies, we relied on immunohistochemical markers per-
formed on formalin-fixed paraffin embedded tissue as a surrogate of
immune system function. However, not all CD8+ T-cells are cytotoxic,
as a variety of cytokines and signaling pathways regulate proliferation,
migration, and effector functions of CD8+ T-cells [31]. Although se-
lected areas for immunohistochemical study were chosen based on
published methods [5] and after review of all tumor slides, intra-tu-
moral heterogeneity contributing to outcome differences was not

specifically evaluated.

5. Conclusions

In this study of patients with high-stage ccRCC, we identified
abundant CD8+ TILs and high tumor cell expression of B2M – a
component of the MHC class I complex required for antigen presenta-
tion to CD8+ T-cells – as good prognostic indicators associated with
longer survival. In addition, we demonstrate that abundant CD8+ TILs
may predict response to IL-2 therapy. These novel observations may
enhance selection of patients for IL-2 therapy as well as inform prog-
nosis for patients with advanced-stage ccRCC.
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