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ABSTRACT
Acute kidney injury (AKI) occurs in ~20% of patients receiving immune checkpoint inhibitor (ICI) therapy; 
however, only 2–5% will develop ICI-mediated immune nephritis. Conventional tests are nonspecific in 
diagnosing disease pathology and invasive procedures (i.e. kidney biopsy) may not be feasible. In other 
autoimmune renal diseases, urinary immune cells correlated with the pathology or were predictive of 
disease activity. Corresponding evidence and analysis are absent for ICI-mediated immune nephritis. We 
report the first investigation analyzing immune cell profiles of matched kidney biopsies and urine of 
patients with ICI-AKI. We demonstrated the presence of urinary T cells in patients with immune nephritis 
by flow cytometry analysis. Clonotype analysis of T cell receptor (TCR) sequences confirmed enrichment of 
kidney TCRs in urine. As ICI therapies become standard of care for more cancers, noninvasively assessing 
urinary immune cells of ICI therapy recipients can facilitate clinical management and an opportunity to 
tailor ICI-nephritis treatment.
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1. Introduction

Immune checkpoint inhibitor (ICI) therapy can be a highly 
effective cancer treatment option, but its use is often lim-
ited by the development of autoimmune side effects target-
ing normal tissues, termed immune-related adverse events 
(irAEs). While the frequency of acute kidney injury (AKI) 
in patients receiving ICI therapy is over 15%, immune 
nephritis is observed in 2–5% of the patients experiencing 
ICI-associated irAEs.1,2 The most common pathology asso-
ciated with immune nephritis is acute interstitial nephritis 
(AIN), an inflammatory renal lesion characterized by 
a T-lymphocytic tubulointerstitial infiltrates.2 However, 
other autoimmune pathologies such as glomerulonephritis 
(GN) and vasculitis can also develop.3 Unlike patients suf-
fering from AKI mediated by other causes, those with ICI- 
AKI (i.e. AIN, GN, and vasculitis) directly benefit from 
immune suppressive therapies.4 Differentiating ICI- 
associated immune nephritis from other causes of AKI 
(e.g. dehydration, obstruction, sepsis, etc.) herein referred 
to as non-ICI AKI can be complicated since conventional 
blood and urine tests are nonspecific in identifying AKI 
etiology. The risk of major bleeding associated with kidney 
biopsy in cancer patients further poses a challenge due to 
elevated risk of morbidity and mortality.5–8 A means to 
noninvasively screen for ICI-immune nephritis will enable 

timely diagnosis, improve patient management, and obviate 
complication risks from invasive diagnostic procedures (i.e. 
kidney biopsy).

In patients with healthy kidneys, T lymphocytes are not 
routinely detected in the urine; when detected, the presence 
of urinary T lymphocytes has been associated with immune 
mediated kidney diseases such as lupus nephritis, acute 
T cell mediated rejection in kidney transplant, and 
glomerulonephritis.9–11 In such reports, the urinary 
immune cells correlated with the disease pathology or 
were found to be predictive of disease activity.9–11 For ICI- 
associated immune nephritis, corresponding evidence and 
analysis is absent because studies specifically aimed at 
understanding the underlying mechanism are limited and 
the majority of the data evaluating ICI-associated AKI 
including immune nephritis are largely based on retrospec-
tive epidemiological investigations.4,12 We postulated that 
similar to lupus nephritis, cases of ICI-associated immune 
nephritis may yield urinary T cells commensurate with 
renal pathology.

In this study, we present five patients who developed AKI 
on ICI therapy and underwent a diagnostic kidney biopsy. 
Paired urine specimens were obtained for all five cases, and 
one paired blood sample was also collected. An abundance of 
urinary T cells was present in all cases of ICI-immune 
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nephritis, whereas sparse T cells were isolated in the non-ICI 
AKI case. Clonotype analysis of the T cells isolated from the 
ICI-immune nephritis urine specimen matched the clonotype 
of the T cells in the paired kidney biopsy specimen. These 
observations have broad diagnostic and prognostic implica-
tions for patients receiving ICI therapy who develop acute 
renal dysfunction.

2. Methods

2.a. Study design and participants

We obtained urine, blood and residual kidney tissue biopsy 
specimens in adult patients who developed AKI after 
receiving ICI therapy. All urine specimens were obtained 
prior to kidney biopsy. All patients underwent a clinically 
indicated kidney biopsy that was evaluated by a renal 
pathologist to establish a pathological diagnosis. Residual 
biopsy specimen was used for analysis. Only one patient 
was able to undergo blood collection due to the delay in 
z-code activation for billing. All patients received either 
programmed cell death protein 1 (PD-1) inhibitors: pem-
brolizumab or nivolumab, programmed death-ligand 1 
(PD-L1) inhibitors: durvalumab or combined PD-1 with 
cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) 
inhibitors: ipilimumab. This study was approved by the 
MD Anderson Cancer Center Institutional Review Board 
in accordance with the Declaration of Helsinki under 
approval number LAB03-0320 and PA19-0084. All partici-
pants provided written informed consent.

2.b. Histochemistry

FFPE kidney biopsy tissue (4 μm sections) were deparaffinized 
in xylene, and rehydrated through a graded alcohol series. 
Sections were then stained with Mayer’s Hematoxylin, rinsed 
with water and counterstained with Eosin. This was followed 
by dehydration through a graded alcohol series, cleared with 
xylene and mounting of coverslips.

2.c. Multiplex immunofluorescence staining and image 
analysis

Multiplex immunofluorescence (mIF) staining was performed 
as previously described.13–15 Briefly, FFPE sections were 
stained using a mIF panel containing antibodies against: CD3 
(clone D7A6E, Cell Signaling Technology), CD8 (clone C8/ 
144B, Thermo Fisher Scientific), CD4 (clone EPR6855, 
Abcam), and CD20 (Clone L26, DAKO) and their respective 
fluorophore in the Opal 7 kit (Akoya Biosciences, Waltham, 
MA).16 The slides were scanned using the Vectra/Polaris 3.0.3 
(Akoya Biosciences), and 8 regions of interest (ROIs) were 
selected by a pathologist. Density of cell phenotypes expressed 
as cells/mm2 were quantified using InForm 2.6.0 image analysis 
software (Akoya Biosciences). The final results are expressed as 
cell densities from the total area analyzed (n/mm2). All the data 
was consolidated using R studio 3.5.3 (Phenopter 0.2.2 packet, 
Akoya Biosciences).

2.d. Isolation of urine and peripheral blood mononuclear 
cells

Single void urine samples were processed to isolate mononuc-
lear cells within a 2-h window of collection. Ficoll-Histopaque 
(Sigma-Aldrich, St. Louis, MO) density gradient centrifugation 
method was used to isolate mononuclear cells. A fraction of 
urinary cells was stained for flow cytometric analysis cells and 
the remaining cells were used for genomic DNA extraction for 
TCR analysis. Cells isolated from peripheral blood were also 
used for TCR analysis.

2.e. Flow cytometric analysis of lymphocytes in urine

A cocktail of anti-human mAbs (Biolegend, San Diego, CA) 
containing anti-CD3 (Pacific Blue, 1:50), anti-CD4 (PE, 1:100), 
anti-CD8 (APC-Cy7, 1:100) and anti-CD19 (PE-Cy5.5, 1:100) 
was used for phenotyping of mononuclear cells isolated from 
urine. Freshly isolated cells (2,500–50,000) were stained with 
the cocktail of mAbs. SYTOX™ Green Dead Cell Stain (Life 
Technologies, Thermo Fisher Scientific, Waltham, MA) was 
used for exclusion of dead cells. Stained samples were acquired 
on Novocyte Flow Cytometer (Agilent, Santa Clara, CA) and 
data were analyzed using FlowJo (version 10.7.1) software (BD 
Biosciences, Ashland, OR). For appropriate gating strategy, 
normal donor PBMC simultaneously stained with the same 
antibody cocktail were used as controls.

2.f. DNA extraction and T cell receptor (TCR) sequencing

Genomic DNA was extracted from FFPE tissue and mono-
nuclear cells using DNeasy Blood & Tissue Kit (Qiagen GmbH, 
Hilden, Germany). Survey level sequencing of TCRβ CDR3 
regions was performed by Adaptive Biotechnologies Corp. 
ImmunoSEQ assay (Adaptive Biotechnologies, Seattle, WA). 
Genomic DNA was amplified, followed by high-throughput 
sequencing. The absolute abundance of each unique TCR-β 
CDR3 region was analyzed. The fraction of T cells was calcu-
lated by normalizing TCR-β template counts to the total 
amount of DNA usable for sequencing.17

2.g. Data sources

Data on patient demographics, comorbidities, medications, 
cancer type and stage and laboratory test results were obtained 
through the electronic health record system. Events were 
graded according to the AKI guidelines using Kidney Disease: 
Improving Global Outcomes (KDIGO) classification.18

3. Results

3.a. Clinical characteristics of the cases

We evaluated five patients who developed AKI while receiving 
ICI therapy. Table 1 summarizes the demographic and clinical 
characteristics of the patients. All five patients had Grade 2 or 3 
AKI at the time of kidney biopsy. Cases 1–4 had biopsy proven 
immune mediated renal lesions associated with ICI therapy. 
ICI-associated AIN was observed with Cases 1, 2 and 3; Case 4 
had ICI-associated granulomatous necrotizing vasculitis 
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without glomerular involvement; Case 5 had non-ICI AKI, 
where renal pathology revealed hypertensive (HTN) nephro-
sclerosis. Three of the five patients (Case 2–4) were diagnosed 
with metastatic malignant melanoma and received combina-
tion therapy with ipilimumab with nivolumab. Case 1 was 
diagnosed with squamous cell carcinoma of the lung and 
received adjuvant therapy with durvalumab. Case 5 was diag-
nosed with squamous cell carcinoma of the oropharynx and 
received pembrolizumab. Urinalysis (UA) results from the ICI- 
mediated immune nephritis cases (Cases 1–4) were positive for 
the presence of WBCs except for Case 3 (S. Table 1). The UA 
for Case 3 was negative for both WBCs and RBCs. All five cases 
had a urine protein-to-creatinine ratio of less than 1 g/g.

3.b. T cell dense infiltration in AIN and flow cytometry of 
urinary immune cells.

Representative renal pathology images are shown in Figure 1. 
Consistent with the diagnosis of AIN, histologic analysis of 
Case 1 demonstrated a dense infiltration of CD3+ T cells 
(Figure 1b). Further immune cell characterization revealed 
CD20+ B cells (density 44 cells/mm2) and abundant total 
CD3+ T cells with a density of 1259 cells/mm2. The CD4+ to 
CD8+ T cell ratio was 1.5 to 1 (Figure 1e). Histologic analysis of 
Case 4 with ICI-vasculitis demonstrated CD20+ B cell density 
of 142 cells/mm2 and a total CD3+ T cell density of 667 cells/ 
mm2 with a CD4+ to CD8+ ratio of 2.6 to 1 (Figure 1c). Few 

CD20+ and CD3+ cells were observed in Case 5 with HTN 
nephrosclerosis (Figure 1d).

In diseases such as lupus nephritis and renal transplant 
rejection, studies have shown that urinary immune cells can 
be detected in patients with immune-mediated kidney disease 
and may correlate with the course of the disease. Since ICI- 
associated renal lesions are characterized by the infiltration of 
kidney tissue with immune cells, we analyzed the urine of these 
patients for the presence of immune cells. Flow cytometric 
analysis of mononuclear cells isolated from freshly voided 
urine enabled determination of immune cell composition 
(Figure 1f). In Case 1–4 urinary CD3+ T cells and CD19+ 

B cells were present. The percentage and ratio of CD4+ and 
CD8+ T cell subsets were also assessed (Figure 1g). Contrary to 
the UA observations where WBCs were not detected, for 
Case 3 flow cytometry analysis revealed the presence of both 
T (CD4+ and CD8+) and B lymphocytes. In the non-ICI AKI 
case (Case 5) a negligible number of T and B cells were 
observed with flow cytometry analysis. In another AKI case 
(Case 6) in a patient on ICI therapy, urine flow cytometry 
analysis revealed negligible number of T and B cells, the patient 
had complete renal recovery and renal biopsy was not per-
formed (S. Figure 1). Further analysis of a follow-up urine 
specimen upon completion of AIN therapy with corticosteroid 
on Case 2 showed a marked reduction in urinary 
T lymphocytes which coincided with the improvement in his 
serum creatinine from a peak creatinine of 3.16 mg/dl to 
1.03 mg/dl (Figure 1h). These findings support further studies 

Figure 1. Pathologic representative images. (a) Photomicrographs of hematoxylin and eosin (H&E)-stained renal tissue sections, 20x magnification. Case 1–3: active 
tubulointerstitial nephritis with lymphocytic tubulitis. Case 4: necrotizing vasculitis with granuloma formation (black arrow). Case 5: renal cortex without significant 
inflammation. (B, C, D) Multiplex immunofluorescence (mIF) staining with immune-oncology panel composed of anti-CD20 (yellow), anti-CD3 (red), anti-CD4 (magenta) 
and anti-CD8 (pink) antibodies for Case 1 (b), Case 4 (c) and Case 5 (d). mIF composite images (left) 20x magnification and details (right) 40x magnification. (e) Ratio of 
B to T cells and CD4+T to CD8+T cells and density of cells per mm2. Flow cytometric analysis was performed on mononuclear cells isolated from urine and frequencies 
and density of B (CD19+) and T (CD3+) cells in viable mononuclear cell fraction and CD4+ T and CD8+ T cells in T cell fraction were assessed. (f) Phenotypic profile of 
lymphocytes isolated from urine of Cases 1–5. (g) Ratio of B to T cells and CD4+ T to CD8+ T cells and density of cells in urine samples. (h) Phenotypic profile of 
lymphocytes isolated from urine of Case 2 pre- and post-corticosteroid therapy.
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in the application of noninvasive urine-based screening for 
timely diagnosis and patient management of ICI-immune 
nephritis.

3.c. TCR clonotype analysis
Since T cells were detected in both kidney biopsy and urine, we 
performed a paired TCR analysis of kidney biopsy and urine 
specimen to determine the presence and abundance of shared 
TCR repertoire. Analysis of the productive rearrangements (i.e. 
the count of unique rearrangements in the sample that produce 
a functional protein receptor) revealed a total of 3,347 urinary 
TCR sequences in Case 1 and approximately 42.2% of the 
urinary TCR sequences overlapped with the TCR sequences 
from the kidney biopsy (Figure 2a). The top 25 kidney TCR 
sequences represented 57.6% of the top 100 productive TCR 
sequences (Figure 2d). These 25 TCR sequences were identified 

in the urine and represented 30.0% of the top 100 productive 
urine TCR sequences. In Case 4 (Figure 2c), approximately 
29.7% or 667 urinary TCR sequences were shared with TCR 
sequences from the kidney. The top 25 kidney TCR sequences 
were similarly represented in the urine (66.3% kidney and 
41.9% urine, Figure 2f).

For Case 2, a total of 3,847 urinary TCR sequences were 
detected in the urine of which 963 (approximately 25%) of the 
urine TCR sequences were also shared with the TCR repertoire 
of the kidney (Figure 2b). In comparison only 225 (approxi-
mately 5.8%) urine TCR sequences were shared with the TCR 
repertoire of T cells in the peripheral blood (Figure 2b). Of the 
963 TCR clones that were shared between urine and kidney, 
88% or 846 of these TCR sequences were not found in blood. 
The frequency of the top 25 kidney TCRs account for more 
than 83% of urine TCRs (Figure 2e), and the top 25 blood 

Figure 2. Composition of TCR repertoires in Case 1, 2 and 4. (A, B, C) Scatterplot of TCRβ sequences in paired specimens. TCRβ sequences shared in paired specimens 
(blue dots). Non-shared TCRβ sequences are located on x-axis (red dots) or y-axis (green dots). (a) In Case 1, a total of 3,347 urine TCRβ sequences were detected (3,347 
TCRβ = 1,413 shared TCRβ sequences + 1,934 TCRβ sequences unique to urine) where 42.2% urine TCRβ sequences were also found in the kidney TCRβ sequences. (B.1 
and B.2) In Case 2, 25% urine TCRβ sequences (963 shared TCRβ sequences out of a total of 3,847 urine TCRβ sequences) were also found in kidney TCRβ sequences, but 
only 5.8% of TCRβ sequences in urine (225 shared TCRβ sequences out of a total of 3,847 urine TCRβ sequences) were found in blood TCRβ sequences. (c) In Case 4, 
approximately 29.7% of urine TCRβ sequences (667 shared TCRβ sequences out of 2,248 total urine TCRβ sequences) were shared with kidney TCRβ sequences. (D, E.1, F) 
Pie charts display the frequency of the top 25 productive kidney TCRβ sequences as a percent of the top 100 kidney TCRβ sequences. The top 25 kidney TCRβ sequences 
are identified in the urine and displayed as a percent of the top 100 urine TCRβ sequences. (E.2) The frequency of the top 25 blood TCRβ sequences are displayed as 
a percent of the top 100 TCRβ blood sequences. The top 25 blood TCRβ sequences are identified in the urine and displayed as a percent of the top 100 urine TCRβ 
sequences.
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TCRs were found in <3% of urine TCRs (Figure 2e) suggesting 
that kidney TCR sequences are preferentially enriched in the 
urine.

To confirm the enrichment of the kidney (as opposed to 
blood) TCRs in urine for Case 2, we performed a statistical test 
to compare the difference in TCR distribution between kidney 
and urine versus (vs) blood and urine. To simplify the compar-
ison, we focused only on the top 100 TCRs in kidney and top 
100 TCRs in blood, since the remaining TCRs in both speci-
mens had negligible frequencies. A total of eight shared TCRs 
between kidney and blood were removed since they do not 
contribute to the comparison. This left 184 TCRs (184 
TCRs = (100 kidney TCRs – 8 shared TCRs) + (100 blood 
TCRs – 8 shared TCRs)). The count of TCRs for each category 
by specimen type was collapsed accordingly, resulting in a 3 × 2 
contingency table. Since two of the cells had a zero count, 
a continuity correction (i.e., addition) of 1 count was applied 
to each of the 3 × 2 = 6 cells (S. Table 2).

We then performed a logistic regression analysis with a TCR 
falling into the top 100 kidney or blood TCRs (i.e., column 
variable) as the outcome variable, and specimen type (kidney, 
blood, or urine, with urine being the reference level, or row 
variable) as the independent variable. We tested whether the log 
odds ratio comparing the TCR distribution between kidney and 
urine is the same as the log odds ratio comparing the TCR 
distribution between blood and urine. The difference in these 
log odds ratios was statistically significantly different from zero 
(difference in log odds ratio = 13.72, 95% CI: 10.94 to 16.50; 
z statistic = 9.70, Wald test p-value <2e-16), confirming that the 
urine is enriched with kidney TCRs as compared to blood TCRs in 
Case 2 (S. Table 3).

4. Discussion

To our knowledge, this is the first study that examines immune 
cell phenotype and repertoire in matched renal biopsies and 
urine in ICI-triggered immune nephritis. We used immunophe-
notyping analysis to describe the detection of urinary 
T lymphocytes in patients with biopsy-proven ICI-associated 
immune nephritis. Clonotype analysis demonstrated that urin-
ary TCRs are statistically significantly enriched for a TCR reper-
toire found predominantly in the infiltrating T cells in kidney 
tissue compared to blood TCRs of a patient with ICI-AIN.

Recent studies have shown that analyzing urine from 
patients with kidney disease provides a useful, noninvasive 
source of information on the etiology of kidney injury. In 
conditions such as acute allograft rejection, active lupus 
nephritis and glomerulonephritis, increased levels of 
T cells in the urine of patients have been shown to mirror 
intrarenal inflammation.9–11 Here we show that an abun-
dance of urinary T cells can be detected in patients with 
ICI-mediated inflammatory lesions (Cases 1–4). Further, 
flow cytometric analysis reveals the presence of urinary 
lymphocytes that were not previously detectable by urine 
sediment analysis alone (Case 3). We also observed in 
Case 2 that following corticosteroid therapy for treatment 
of AIN, urinary T lymphocyte counts decreased substan-
tially, commensurate with an improvement in the serum 

creatinine level suggesting that longitudinal monitoring of 
urinary T lymphocyte counts in patients with ICI-immune 
nephritis may serve as an indicator of treatment response.

T cells present in the urine could be derived from kidney 
infiltrating T cells or circulating T cells in the blood and 
similarities in TCR repertoire profile comparing kidney and 
urine vs. blood and urine may reveal the origin of urinary 
T cells.19 Longitudinal analysis studies comparing TCR reper-
toire of graft infiltrating lymphocytes and blood have shown 
that biopsy sampling underestimates the entire infiltrating 
lymphocyte population of the organ.20 Thus, although kidney 
biopsy represents a much-restricted repertoire compared to 
blood, our analysis confirmed that the urine is enriched with 
kidney TCRs as compared to blood TCRs in Case 2. The 
identification of antigens shared between tumors and healthy 
tissue is increasingly recognized in patients who develop 
irAEs.21,22 The lack of available tumor tissue precluded us 
from conducting this comparison. Future studies are necessary 
to determine whether these T cells recognize shared tumor and 
kidney antigens.

The ability to draw definitive conclusions from this pilot 
study is limited by the small sample size and absence of base-
line urine profiling prior to the development of AKI. While 
urinary T lymphocytes may be present in patients with chronic 
kidney disease, we do not, however, expect urinary T cells in 
patients with preserved kidney function.23 To gain a more 
comprehensive understanding of the urine immune landscape 
and perform hypothesis-testing, future analyses will include 
paired peripheral blood mononuclear cells and/or tumor speci-
mens along with additional control cases (e.g. patients with 
preexisting chronic kidney disease).

Studies in lupus nephritis and glomerulonephritis have estab-
lished that renal infiltration with specific immune cells relates to 
disease manifestations and treatment responses.9,10 As ICI-based 
therapies become standard of care for more cancers, it is essen-
tial to transition from empirical management practices such as 
corticosteroid therapy for all patients with potential ICI-related 
AKI to selectively limiting treatment to only the 2–5% of patients 
who have ICI-associated immune nephritis.4,12 Although diag-
nosis relying on biopsy is recommended, it is not always feasible 
due to elevated risk of bleeding and resultant morbidity and 
mortality.24 Profiling for renal immune cells can facilitate clinical 
decision-making by improving accuracy of diagnosis and 
enabling monitoring of patients during and after treatment. 
Our approach of noninvasively assessing urinary immune cells 
of ICI therapy recipients using flow cytometry can facilitate risk 
stratification of renal disease prior to biopsy and provides an 
opportunity to tailor the treatment of ICI-associated nephritis. 
A more sensitive qualitative and quantitative evaluation method 
for determining urinary cell composition than standard UA, this 
flow cytometry-based screening method can assist in confirming 
a diagnosis of renal irAEs and its potential role in prediction of 
clinical outcomes of ICI therapies similar to those with ICI- 
colitis.25 Under current management practices, diagnosis of 
immune nephritis in patients responding to ICI therapy can 
lead to discontinuation of these anti-tumor therapy and deprive 
patients of continued benefit from these therapies. Studies have 
reported that fewer than 20% of the patients redevelop AIN with 
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ICI retreatment.12 Regular assessment of urinary immune cells 
offers an option for close monitoring of development of AIN in 
these patients if they continue to receive therapy.

Our study endorses the clinical feasibility of performing 
urine cell isolation on human urine samples as a method to 
monitor for ICI-immune nephritis. Future studies will include 
independent validation and/or verification of the application of 
this approach for monitoring disease and assessing ICI- 
immune nephritis therapy response.

5. Conclusion

As the landscape of use of ICIs expands to treat more cancer 
types, and its efficacy improves with novel combinatory regi-
mens, the detection and timely management of ICI-associated 
irAEs will significantly impact the ability of oncologists to care 
for patients. These findings have both broad diagnostic and 
prognostic implication for renal immune related adverse 
events. In summary, we report monitoring of urinary cell 
populations as a potential method for monitoring ICI- 
nephritis.

6. List of abbreviations

AIN, acute interstitial nephritis; AKI, acute kidney injury; 
CTLA-4 cytotoxic T-lymphocyte-associated protein 4; FFPE, 
formalin-fixed, paraffin-embedded; ICI, immune checkpoint 
inhibitor; mIF, multiplex immunofluorescence; irAE, immune- 
related adverse event; pBMC, peripheral blood mononuclear 
cell; PD-1, programmed cell death protein 1; PD-L1, pro-
grammed death-ligand 1; TCR, T cell receptor; UA, urinalysis.
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