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Abstract

Immune checkpoint inhibitor therapy improves survival in patients with metastatic renal cell 

carcinoma (RCC) but has not been studied well preoperatively in patients with localized disease 

undergoing nephrectomy. We conducted a single-center study to evaluate the safety and feasibility 

of neoadjuvant nivolumab in patients undergoing nephrectomy for localized RCC. Eligible 

patients had a >20% risk of recurrence, as estimated by a preoperative nomogram. Patients 

received nivolumab every 2 wk for four treatments prior to surgery. The primary endpoints were 

feasibility, defined as completing at least three treatments without significant surgical delay, and 

safety, defined as the rate of surgical complications. Treatment effects were assessed by radiomics 

and immunohistochemistry. A total of 18 patients (11 men; median age 60 yr) with clear cell 

RCC were enrolled. All received at least one dose of nivolumab and proceeded to nephrectomy 

without delay; 16/18 patients completed all four doses. Two patients discontinued nivolumab for 

immune-related adverse events, and four had surgical complications as per the Clavien-Dindo 

classification. Integrated pathology plus radiomic analysis demonstrated an association between 

post-treatment immune infiltration and low entropy apparent diffusion coefficient on magnetic 

resonance imaging. Nivolumab prior to nephrectomy was safe and feasible, without significant 

surgical delays and with an expected rate of immune-related adverse events.

Patient summary: We evaluated the outcomes for patients with localized kidney cancer who 

received immunotherapy prior to surgery to remove their kidney tumor. In a small group of 

patients who had cancer confined to the kidney, this approach appeared safe and feasible.
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Approximately 30% of patients with renal cell carcinoma (RCC) are initially diagnosed 

with localized disease with high-risk features, and their risk of recurrence can be ≥40% 

[1]. To date, there is no standard perioperative systemic therapy shown to improve overall 

survival in localized RCC. The use of immune checkpoint inhibitors (ICIs) as adjunct to 

surgery in localized RCC has garnered significant interest, given their efficacy in advanced 

disease. Adjuvant pembrolizumab, a programmed cell death protein-1 (PD-1) inhibitor, was 

recently shown to improve disease-free survival in patients with clear cell RCC at a high 

risk of recurrence compared with placebo [2]. Neoadjuvant ICIs follow the rationale that 

the renal primary will provide ample antigen source for an enduring cancer-specific immune 

response. Few data exist on the safety of ICIs prior to nephrectomy and whether surgical 

complications or immune-related adverse events (irAEs) lead to worse outcomes.

We completed a single-arm pilot study at Memorial Sloan Kettering Cancer Center 

(MSKCC; ClinicalTrials.gov identifier NCT02595918) to examine the safety and feasibility 

of neoadjuvant nivolumab in patients with localized RCC. Eligible patients had clear cell 

RCC at a high risk of recurrence, defined as a 12-yr probability of metastases of ≥20%, 

as per a preoperative nomogram [3]. Additional trial design details are included in the 

Supplementary material. During screening, all patients underwent a biopsy to confirm clear 

cell histology. Patients received nivolumab every 2 wk for four treatments, with surgery 

7–14 d after the last dose. Renal protocol magnetic resonance imaging (MRI) was performed 
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at study entry, and after the final nivolumab dose and prior to surgery, with tumor response 

assessed by RECIST 1.1. Surveillance with cross-sectional imaging of chest and abdomen 

was done at 3 mo, and then as per the standard of care. Recurrence status was assessed 

24–28 mo after surgery.

The primary endpoints of the study were safety and feasibility of preoperative nivolumab. 

Feasibility was defined as receiving at least three doses of nivolumab and completing 

surgery without significant delay. All patients who received at least one dose were evaluable 

for toxicity and graded according to the Common Terminology Criteria for Adverse 

Events (version 4.0). Surgical complications were graded according to the Clavien-Dindo 

classification. Recurrence-free survival was calculated as the time from nephrectomy 

to recurrence or death, and estimated using the Kaplan-Meier method. Analyses were 

performed using R version 3.6.0.

For exploratory analysis, pathological and radiomic features were examined before and 

after nivolumab (Supplementary material). Tumor regression, tumor necrosis, and tumor 

infiltrating lymphocytes (TILs) were quantified. For radiomics, on apparent diffusion 

coefficient (ADC) maps, a volumetric radiomic analysis was performed to measure the 

texture described by Haralick et al [4], which provides information about the spatial 

distribution of intensity levels in a neighborhood, and entropy, which represents the 

randomness of gray-level distribution.

From May 2016 to September 2019, 21 patients were screened and 18 (11 men; median 

age 60 yr) with clear cell RCC were enrolled (Supplementary Table 1). Owing to slow 

accrual, the trial was closed early. Most patients (56%) presented with localized or systemic 

symptoms, and the median tumor size at baseline was 8.8 cm (range 6.4–14.2 cm).

Although all 18 patients completed surgery without delay, 17/18 received at least three 

nivolumab doses, making the feasibility rate as per the predefined criteria 94% (confidence 

interval [CI] 73–100%). Two patients had discontinued nivolumab early, both for irAEs 

requiring systemic corticosteroids (grade 3 transaminitis and grade 2 intolerable arthralgias; 

Supplementary Table 2). One patient had grade 3 colitis and acute kidney injury 6 mo 

after the last dose of nivolumab; after workup did not yield other causes, he was treated 

with immunosuppressives with resolution of symptoms. However, beyond the predetermined 

monitoring period, the colitis was attributed to nivolumab. Perioperative and pathological 

details are included in Table 1. The median time to nephrectomy after the last dose of 

nivolumab was 10.5 d (range 9–13 d). The median (range) estimated blood loss, operating 

room time, and length of stay were 200 (150–363) ml, 174 (158–195) min, and 1.5 (1–2) d, 

respectively. One patient required intraoperative blood transfusion. Postoperative morbidity 

was noted in two patients with lymph node dissection who developed a chylous leak 

requiring paracentesis (Clavien 3b), and one of them further required glue embolization 

and Denver shunt (Clavien 3b). Although not directly related to nephrectomy, one patient 

experienced testicular infarction in the context of a concomitant inguinal hernia repair.

All patients were evaluable for primary tumor response prior to nephrectomy. The best 

response was stable disease for all patients; the median change in the largest diameter 
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was +0.85% (range −6.2% to +7.9%). With a median follow-up of 22.7 mo (range 

4–29.8 mo), the median recurrence-free survival at 1 yr was 82% (95% CI 65–100%; 

Supplementary Fig. 1 and 2). We compared the prenivolumab biopsy specimen and the 

postnivolumab nephrectomy specimen. At least 5% tumor regression was observed in ten 

of 14 evaluable cases (range 0–40%; Supplementary Table 3). No tumor necrosis was seen 

before nivolumab; only one tumor had associated necrosis after nivolumab. The average 

percent of TILs in adjacent normal and tumor epithelial and stromal elements was similar 

before and after nivolumab, although some cases exhibited more notable TIL infiltration 

after treatment (Supplementary Table 4 and Fig. 1). For all cases, MRI sequences were 

compared before and after nivolumab. Conventional T1 postcontrast and T2-weighted 

images did not show discernable differences before and after nivolumab in tumors that 

became highly and moderately immune infiltrated. On ADC maps, a volumetric radiomic 

analysis was performed to measure Haralick texture features, used to detect image features 

that can be invisible to the human eye, including the spatial distribution of intensity 

levels in a neighborhood [4,5]. After treatment, ADC values were lower for most tumors 

(Supplementary Table 5), but entropy (randomness of gray-level distribution) ADC values 

were substantially lower than the baseline in tumors that became highly immune infiltrated.

The treatment of advanced RCC has been revolutionized by ICIs, but their potential 

for neoadjuvant use remains to be defined. Concerns over preoperative ICI use stem 

from their mechanism of enhancing T-cell activation: tissue inflammation could add 

technical difficulty during surgery, or irAEs and need for steroids might complicate the 

perioperative period [6]. In this pilot study, no related intraoperative complications or 30-d 

readmissions were observed. Although there were Clavien-Dindo complications graded >2, 

these were attributed less likely to nivolumab and more likely to more extensive lymph node 

dissections. The favorable safety profile is similar to that in other reports, including one trial 

on neoadjuvant nivolumab × 3 and nephrectomy for locally advanced clear cell RCC [7-9]. 

Nivolumab was well tolerated, and although two patients required systemic corticosteroids 

for irAEs, both proceeded to surgery without delay. Of note, we did not find significant 

primary tumor responses to four doses of nivolumab, with all patients having stable disease 

prior to nephrectomy. This is consistent with the primary renal tumor objective response rate 

of 6% seen in the NIVOREN phase II trial of nivolumab in metastatic RCC (34103181). 

Encouragingly, despite this being a high-risk group, we also did not see progressive disease 

by RECIST during the nivolumab administration period. As exploratory endpoints, we 

investigated pre-/postnivolumab changes in entropy on MRI with histological changes. In 

select cases with the highest postnivolumab immune infiltration, we saw no discernable 

changes in conventional T1- and T2-weighted images but demonstrated lower ADC entropy, 

suggesting possibly more homogeneous tumors. It will be of interest to investigate radiomics 

in larger studies, including in the metastatic space.

Limitations to this study include the small number of patients and relatively short follow-up. 

The trial was closed early due to low accrual. We noted a decrease in accrual once an 

adjuvant immunotherapy study opened at our institution, speaking of the challenges of 

neoadjuvant versus adjuvant studies from both the patient and the surgeon standpoint. Long-

term follow-up and larger phase III trials, such as the PROSPER RCC trial (NCT03055013) 

studying perioperative ICIs, will be necessary to assess the benefits of neoadjuvant ICIs.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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In a study of preoperative nivolumab in patients with localized renal cell carcinoma, the 

approach appeared to be safe and feasible, with most patients completing therapy without 

surgical delays. Preliminary data show that radiomics as a predictive biomarker could be 

explored further.
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Fig. 1 –. 
MRI and pathological responses in patients before and after nivolumab. Examples of 

tumors that (A and B) became highly immune infiltrated after nivolumab, and (C) had 

no discernible change in moderate immune infiltration. The top panels for each include 

MRI T1 postcontrast image, T2-weighted image, apparent diffusion coefficient (ADC), and 

entropy texture of ADC overlaid on segmented tumor. While conventional T1 postcontrast 

and T2-weighted images did not show discernable differences between highly immune 

infiltrated tumors (Fig. 1A and 1B) and moderate immune infiltrated tumor (Fig. 1C), after 

treatment, the mean ADC values were lower in all tumors, but entropy ADC values were 

substantially lower in highly infiltrated tumors. ADC = apparent diffusion coefficient; H&E 

= hematoxylin and eosin; MRI = magnetic resonance imaging.
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Table 1 –

Perioperative outcomes for study participants

Patient Sex Approach Pathological
stage (pT)

LOS
(d)

30-d
readmission

90-d
mortality

Morbidity
(Clavien-
Dindo)

irAE
Grade
≥2

Detail—irAE
or surgical
complication(s)

1 M Robotic 4 1 No No None Yes G2 thyroiditis

2 F Open 3A 3 No No None No

3 M Robotic 3A 2 No No None No

4 F Robotic 3A 1 No No None No

5 F Robotic 3A 1 No No None Yes G3 hepatitis

6 F Robotic 3A 1 No No None No

7 M Robotic 3A 1 No No None No

8 F Open 3A 3 No No None No

9 M Open 3A 2 No No None No

10 M Robotic 3A 1 No No None No

11 F Open 3A 2 No No None No

12 M Robotic 3A 1 No No None Yes
G3 colitis and AKI 

a

13 F Open 3A 2 No No None No

14 M Robotic 3A 2 No No None No

15 M Robotic 3A 1 No No 3b No Chylous leak

16 M Open 3A 4 No No 3b No Chylous leak

17 M Robotic 3A 6 No No
4a 

b No Testicular infarction

18 M Robotic 1B 1 No No None No

AKI = acute kidney injury; F = female; irAE = immune-related adverse event; LOS = length of stay; M = male.

a
The irAEs occurred >6 mo after the last dose of nivolumab, no other cause was found, and patients responded promptly to immunosuppression.

b
Testicular infarction secondary to concomitant inguinal hernia repair, deemed unrelated to treatment/nephrectomy.
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