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Abstract
T cell infiltration in tumors has been investigated as a biomarker of response to checkpoint inhibitors. Neo-adjuvant studies in renal
cell carcinoma (RCC) may provide a unique opportunity to compare T cell infiltration in a pretreatment renal mass biopsy to a
posttreatment nephrectomy specimen, and thus evaluate the effects of immune checkpoint inhibitors. However, there are no data
regarding the association of T cell infiltration in matched biopsy and nephrectomy samples without intervening treatment.
Understanding this association will inform investigation of this potential biomarker in future studies.
Matched biopsy and nephrectomy samples (without intervening systemic therapy) were identified from patients with nonmetastatic

RCC. Selected tissue sections from biopsy and nephrectomy samples were reviewed and marked for intratumoral lymphocytes by a
pathologist. Immunohistochemistry (IHC) was utilized to stain for T cell markers (CD3, CD4, and CD8). Intratumoral staining was then
quantified in the tissue sections as counts per total tumor area surveyed. Spearman correlation (r) was used tomeasure associations.
Thirty matched pairs were investigated. The median interval between biopsy and nephrectomy was 2.8 (0.2–87.7) months. Clear

cell was the most common histology (29/30; 97%). There was a statistically significant positive correlation between the frequency of
CD3 +and CD8+ T cells between matched biopsy and nephrectomy samples (r=0.39; P= .036 and r=0.38; P= .041, respectively).
The frequencies of CD8+ T cells in matched biopsy and nephrectomy samples in RCC in the absence of intervening treatment have

been characterized and show a positive correlation between matched biopsy and nephrectomy samples.

Abbreviations: CTLA-4 = cytotoxic T lymphocyte antigen-4, IHC = immunohistochemistry, MDSC = myeloid-derived
suppressive cells, PD-1 = programmed death-1, PD-L1 = programmed death ligand-1, RCC = renal cell carcinoma.
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1. Introduction

The improved understanding of T cell function has led to the
development of novel targeted immunotherapies which target
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immunosuppressive molecules like cytotoxic T lymphocyte
antigen-4, programmed death 1 (PD-1), and PD-L1, called
immune checkpoints, which play an important role in the evasion
of cancer from the immune system by inhibiting the activity of
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antitumor T cells. Nivolumab, a fully human IgG4 PD-1 check
point inhibitor antibody, is the first approved checkpoint
inhibitor for the treatment of metastatic RCC refractory to
antiangiogenic therapy based on the overall survival advantage
shown in a phase III clinical trial.[2]

Although checkpoint inhibitors have prompted a paradigm shift
in the treatment of many cancers due to their ability to produce
durable responses, only a subset of patients benefit from this
treatment.[3–7] Therefore, identifyingmarkers of response is critical
andhas beenanareaof active research.These potential biomarkers
can not only provide prognostic and predictive information, but
can also provide rationale for combination treatments. Previous
studies have shown that information regarding tumor microenvi-
ronment can beuseful in assessing the tumor response in relation to
immune checkpoint inhibitors.[8–10] Specially, the role of CD8+ T
cell infiltration, as a potential marker of response to PD-1
blockade, appears promising.[11]

Neo-adjuvant studies provide a unique opportunity to evaluate
the effect of treatment on the tumor microenvironment before and
after treatment, and thus help identify potential biomarkers. There
are several neo-adjuvant studies (NCT03055013,NCT02762006,
NCT03024996) of checkpoint inhibitors planned or ongoing
where renal biopsy and/or nephrectomy samples will be collected
to investigate potential biomarkers such as CD8+ T cell
infiltration.[12–14] However, there are no existing data in RCC
to characterize and associate baseline CD8+ T cells in biopsy and
nephrectomy samples in the absence of an intervening treatment.
Therefore, this study was aimed to investigate the CD8+ T cell
infiltration and their association in matched biopsy and nephrec-
tomy samples, in the absence of any systemic treatment. This
information will also be instructive in further defining the role of
biopsy in evaluating the dynamic changes of tumor microenviron-
ment in RCC, in relation to treatment with immunotherapy.

2. Methods

2.1. Patients and pathology materials

Patients with nonmetastatic RCC who underwent a diagnostic
renal biopsy and subsequent nephrectomy were retrospectively
identified from the electronic medical records. All patients had
matched biopsy and nephrectomy samples without intervening
systemic therapy.

2.2. Evaluation of lymphocytes

Selected tumor tissue sections from biopsy and nephrectomy
samples were stained with hematoxylin and eosin, and reviewed
by the genitourinary pathologist (CP). The tissue sections, which
showed highest lymphocytic infiltrate, were selected for evalua-
tion. These sections were then marked for intratumoral and peri-
tumoral lymphocytes. The intensity of the immune cell infiltra-
tion was divided into 4 categories including minimal, mild,
moderate, and severe, defined as follows: minimal—very rare
identifiable lymphocytes; mild—occasional small aggregates or
individual lymphocytes without any obscuring of the background
tumor or stromal cells; severe—dense lymphocytic infiltrates
obscuring the background tumor or stromal cells; moderate—a
degree of lymphocytic infiltrate between mild and severe.
2.3. IHC for subtyping of lymphocytes

Immunohistochemistry (IHC) was utilized to stain these selected
tissue sections for T cell markers including CD3, CD4, and CD8
2

(Fig. 1). Antibodies used for each marker included: CD3—
Ventana (Cat No. 790–4341, Prediluted), CD4—Novocastra
(Cat No. NCL-CD4–1F6, Prediluted), and CD8—Biogenex (Cat
No. MU422-UC, 1:10). Slides were scanned at �20 magnifica-
tion (Aperio AT2; Leica Biosystems). Image analysis software
(Aperio ImageScope) was used to measure the number of
positively stained cells within designated areas. A modified
version of the Nuclear v9 algorithm was calibrated for each stain
and utilized to detect marker positivity. CD3, CD4, and CD8
expression was assessed. For each marker, the intratumoral areas
containing the highest density of positive cells were delineated
with a square of fixed area (Fig. 1, green boxes). Each square was
1.0 mm2 and 0.1 mm2 for nephrectomy and biopsy cases,
respectively, and did not overlap. The total number of squares
delineated did not exceed 12, but fewer squares were marked if
sample tumor areas were unable to accommodate this number.
For each nephrectomy and biopsy case, the numbers of positive
cells were summed and divided by the sum of the total area (mm2)
from which the cells were counted. The results were reported as
number of positive cells per mm2.

2.4. Statistical methods

Categorical clinicopathologic factors were summarized with
frequency counts and percentages, and continuous factors with
medians and ranges. The exact Wilcoxon signed-rank test was
used to measure the difference in the degree of infiltration in
matched samples. Kendall rank correlation coefficient was used
to assess the consistency of the immune cell infiltration between
biopsy and nephrectomy. Spearman rank correlations (r) were
used to measure associations between the T cell subsets. Analyses
were carried out using R version 3.4.3 and GraphPad Prism v
5.02.
3. Results

Thirty patients with matched biopsy and nephrectomy samples
were investigated. The median interval between biopsy and
nephrectomy was 2.8 (0.2–87.7) months. Forty-seven percent of
patients underwent radical nephrectomy whereas 53% under-
went partial nephrectomy. Clear cell was the most common
histology (29/30; 97%) (Table 1). Only 5 of 30 cases had peri-
tumoral tissue on the biopsy with any appreciable (greater than
minimal) infiltrate, so further evaluation of peri-tumoral
lymphocytes was not pursued. The degree of immune cell
infiltration between matched biopsy and nephrectomy samples
was 50% (15/30) concordant, and this correlation analysis was
validated by using Kendall Tau test (P= .027) which showed
consistency between 2 specimens (Table 2).
The median number of CD3 +T cells in biopsy samples were

513.12 cells per mm2 and 1287.48 cells per mm2 in nephrectomy
samples. A modest positive correlation was found between these
frequencies (r=0.39; P= .036). The median number of CD8 + T
cells in biopsy samples were 288.96 cells per mm2 and 547.57
cells per mm2 in nephrectomy samples. These CD8 + T cell
frequencies showed modest correlation with a spearman
correlation r=0.38, which was statistically significant (P= .041).
On the other hand, CD4 + T cells did not show any significant
correlation (Table 3).
The correlation analyses were also performed based on the

degree of immune cell infiltration in the biopsy samples.When the
degree of immune cell infiltration was appreciable (defined as any
immune cell infiltration greater than minimal, n=16, 53%), a
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Figure 1. Intratumoral staining and quantification of immune infiltrates in matched nephrectomy and biopsy cases. H&E stain was performed to determine the
degree of immune infiltration. Serial slides were stained for T cell markers CD3, CD4, and CD8 to assess the levels of T cell infiltrate in matched nephrectomy and
biopsy material from untreated patients. Serial slides (green boxes, shown at �1) represent areas of highest stain intensity and subsequently quantified for each
stain. �20 images illustrate T cell distribution within an intratumoral immune cell infiltrate in both nephrectomy and biopsy samples.
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stronger and significant correlation was found between CD3
and CD8+ T cell frequencies (r=0.66; P= .006 and r=0.78;
P= .0004, respectively). CD4+ T cells did not show any
correlation (r=0.18, P= .49). On the other hand, in the presence
of a minimal immune cell infiltration in the biopsy sample, no
correlation was found between any of these cell frequencies
(Table 4 and Fig. 2).

4. Discussion

This study characterized baseline T cell frequencies, and
demonstrated a statistically significant positive correlation of
3

CD8+ T cell infiltration in matched biopsy and nephrectomy
samples in the absence of an intervening systemic treatment.
Furthermore, it was shown that higher immune cell infiltration in
the biopsy sample is associated with a stronger correlation
between T cell markers.
Immune checkpoint inhibitors have shown promising clinical

activity in many tumor types including RCC.[2] Several neo/
adjuvant studies investigating the role of immune checkpoint
inhibitors in RCC are ongoing with integrated biomarker
analyses including CD8+ T cell infiltration.[12,14] Findings from
the present analysis provide a baseline characterization of T cell
infiltration in the absence of an intervening treatment.

http://www.md-journal.com


Table 1

Patient characteristics and pathologic features.

Factor N (%) or median (range)

Sex
Male 16 (53%)
Female 14 (47%)

Age at nephrectomy 62 (21–75)
Interval from biopsy to nephrectomy, mo 2.8 (0.2–87.7)
Nephrectomy
Partial 16 (53%)
Total 14 (47%)
Tumor size, cm 5.1 (1.5–17.0)

Multifocal
∗

No 17 (81%)
Yes 4 (19%)

Histology
Clear cell 29 (97%)
Chromophobe 1 (3%)

Sarcomatoid features
∗

No 17 (89%)
Yes 2 (11%)

T-stage
∗

T1 (8 T1a, 4 T1b) 12 (41%)
T2a 1 (3%)
T3 (14 T3a, 1 T3b) 15 (52%)
T4 1 (3%)

Grade
1,2 (1 grade 1) 15 (50%)
3 10 (33%)
4 5 (17%)

Necrosis
∗

No 17 (71%)
Yes 7 (29%)

Lymphovascular invasion
∗

No 20 (71%)
Yes 8 (29%)

∗
Missing data: multifocal—n=9; sarcomatoid—n=11; T-stage—n=1; necrosis—n=6; LVI—

n=2.
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Furthermore, this study has also demonstrated that needle
biopsy can be informative regarding the tumor microenviron-
ment. Using IHC, a biopsy can be utilized to measure the
frequencies of T cells, especially CD8+ T cells, in the intratumoral
Table 2

Degree of immune cell in matched biopsy and nephrectomy samples

Minimal

Biopsy Minimal 6 (20%)
Mild 2 (7%)
Moderate —

Severe —

Kendall Tau test: P value= .027.
The bold italic values are where degree of infiltrate matched biopsy and nephrectomy.

Table 3

Correlation of immune markers in matched biopsy and nephrectomy

Biopsy (positive cells per mm2) N

Marker Median Range Med

CD3 513.12 169.17–3191.82 128
CD4 1022.38 25.49–3592.69 185
CD8 288.96 54.75–3638.69 54

4

region. This finding has practical implications in terms of using
needle biopsy as a potential method to assess on-treatment
changes in tumor microenvironment. These dynamic changes can
not only provide prognostic and predictive information, but can
also help enhance our mechanistic understanding of host-tumor
responses in relation to immunotherapy. For example, Tumeh
et al report a study wherein patients with metastatic melanoma
being treated with pembrolizumab, an anti-PD-1 antibody,
underwent serial biopsies during treatment, to quantify the
frequencies of CD8+ T cells. Patients who responded to the
treatment, not only had a higher pre-existing CD8+ T cells, but
also showed proliferation of CD8+ T cells which correlated with
radiographic response to treatment (Spearman correlation r=0.07,
P< .001). Thesefindings indicate that simple core needle biopsy and
IHC can provide important information regarding which patients
will respond to the treatment. Similarly, in RCC, core needle biopsy
has been used to assess the dynamic changes in tumor microenvi-
ronment in relation to nivolumab, an anti-PD-1 antibody.[15]

Patients with metastatic RCC underwent baseline and on-treatment
biopsies, and immunohistochemical analysis, to measure changes in
T cell frequencies. An increase in all T cell frequencies, especially
CD3+ and CD8+, were observed on treatment, indicating immune
pharmacodynamic effects of nivolumab.[15]

However, there is a significant inter- and intratumoral
heterogeneity in all tumors including RCC.[16,17] Therefore,
accurate assessment of tumor microenvironment from a biopsy
material can be challenging. For example, the present study
demonstrated in matched samples that a biopsy only provides an
accurate assessment of tumor microenvironment if it has more
than minimal degree of immune infiltrate. This requirement
perhaps ensures that the biopsy material represents an area of
tumor with similar immune milieu. On the other hand, a biopsy
material with minimal immune cell infiltrate may not truly
represent immune infiltration of the tumor, perhaps due to
sampling error. It is, however, reassuring that despite this
limitation, biopsy material showed a positive correlation of CD3+

and CD8+ T cells with matched nephrectomy samples in the
overall analysis, indicating its significance and utility in
evaluating changes in tumor microenvironment.
Our study has several limitations including a small sample size.

The evaluation of tissue sections for lymphocyte infiltration was
.

Nephrectomy

Mild Moderate Severe

5 (17%) 3 (10%) —

7 (23%) 3 (10%) —

— 1 (3%) —

1 (3%) 1 (3%) 1 (3%)

samples.

ephrectomy (positive cells per mm2)

ian Range r P value

7.48 337.45–5578.23 0.39 .036
6.95 379.97–4657.1 0.15 .418
7.57 233.98–3923.95 0.38 .041



Table 4

Correlation of immune markers in matched biopsy and nephrectomy samples based on immune cell infiltration of biopsy sample.

Marker Degree of immune cell infiltrate in biopsy Spearman correlation coefficient (r) P value

CD3 Minimal �0.051 .864
CD3 Appreciable 0.659 .006
CD4 Minimal 0.09 .759
CD4 Appreciable 0.182 .499
CD8 Minimal �0.187 .523
CD8 Appreciable 0.779 .0004
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carried out by a single pathologist, which limits its generalizabil-
ity and reproducibility. Similarly, these samples were obtained
from patients with localized RCC and may not represent tumor
microenvironment of metastatic RCC patients. In addition, peri-
tumoral areas were not included in the evaluation due to lack of T
cell infiltrate.
Figure 2. Scatter plot demonstrating correlation of CD3+, CD4+, and CD8+ T cells
When the degree of immune cell infiltration was appreciable, a stronger and sign

5

In conclusion, the frequencies of CD8+ T cells in matched
biopsy and nephrectomy samples in RCC in the absence of
intervening treatment have been characterized and show a
positive correlation. Biopsy material can be used for IHC
analyses to provide insights into the tumor microenvironment,
specifically CD8+ T cell infiltration, which can be instrumental
between biopsy and nephrectomy based on degree of immune cell infiltration.
ificant correlation was found between CD3+ and CD8+ T cell frequencies.

http://www.md-journal.com


safety, clinical activity, pharmacodynamics, and immunologic correlates.
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in identification of potential markers of response to immuno-
therapy.
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