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Abstract

Objective: To evaluate the pathologic response, safety, and feasibility of nephrectomy following receipt of immune checkpoint inhibi-

tion (ICI) for renal cell carcinoma (RCC).

Methods: Patients who underwent nephrectomy for RCC after exposure to nivolumab monotherapy or combination ipilimumab/nivolu-

mab were reviewed. Primary surgical outcomes included operative time (OT), estimated blood loss (EBL), length of stay (LOS), readmis-

sion rates, and complication rates. Pathologic response in the primary and metastatic sites constituted secondary outcomes.

Results: Eleven nephrectomies (10 radical, 1 partial) were performed in 10 patients after ICI with median postoperative follow-up

180 days. Six patients received 1 to 4 cycles of ipilimumab/nivolumab, while 5 received 2 to 12 infusions of nivolumab preoperatively.

Five surgeries were performed laparoscopically, and 4 patients underwent concomitant thrombectomy. One patient exhibited complete

response (pT0) to ICI, and 3/4 patients who underwent metastasectomy for hepatic, pulmonary, or adrenal lesions exhibited no detectable

malignancy in any of the metastases resected. No patients experienced any major intraoperative complications, and all surgical margins

were negative. Median OT, EBL, and LOS were 180 minutes, 100 ml, and 4 days, respectively. Four patients experienced a complication,

including 3 that were addressed with interventional radiology procedures. One patient died of progressive disease >3 months after surgery,

and 1 patient succumbed to pulmonary embolism complicated by sepsis. No complications or readmissions were noted in 6 patients.

Conclusion: Nephrectomy following ICI for RCC is safe and technically feasible with favorable surgical outcomes and pathologic

response. Timing of the nephrectomy relative to checkpoint dosing did not seem to impact outcome. Biopsies of lesions responding radio-

graphically to ICI may warrant attention prior to surgical excision. � 2019 Elsevier Inc. All rights reserved.
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1. Introduction

Over 65,000 new cases of kidney cancer, predominantly

renal cell carcinoma (RCC) are diagnosed in the United

States annually, with nearly 15,000 attributable deaths [1].
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At diagnosis, approximately 30% to 40% of patients already

harbor metastatic disease [2], and corresponding 5-year sur-

vival rates are suboptimal, ranging from 0% to 20% [3−5].
Furthermore, following the surgical management of clini-

cally localized RCC with curative intent, an estimated 20%

to 40% of patients recur within 3 years of nephrectomy [6],

suggesting aggressive tumor biology or undetected micro-

metastatic disease in these patients at presentation. Such
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patients may benefit from early, potentially upfront, sys-

temic therapy. Indeed, while there is a growing role for the

integration of multidisciplinary approaches in managing

advanced RCC, the utility and optimal timing of surgery

versus systemic therapy has yet to be further elucidated.

The introduction of several novel classes of systemic

therapies, including targeted therapies and most recently

immune checkpoint inhibitors (ICI), has revolutionized the

management of metastatic RCC over the last decade. With

these new therapies, the role of nephrectomy in the treat-

ment paradigm for advanced RCC has continued to evolve.

Contemporary studies assessing the safety of nephrectomy

following systemic therapy have primarily involved tyro-

sine kinase inhibitors with mixed results [7−20], though
in the recent phase III EORTC 30073 (SURTIME) trial,

cytoreductive nephrectomy after sunitinib was found to be

safe [7].

ICIs have been gaining considerable momentum in

managing metastatic RCC, initially with the approval of

second-line nivolumab monotherapy and subsequently with

the approval of combination ipilimumab and nivolumab in

the frontline setting, based on the results of the CheckMate

025 and 214 trials, respectively [21,22]. Unlike other thera-

pies for metastatic RCC, ICIs act uniquely by blocking

inhibitory signaling to restore tumor-specific T cell-medi-

ated immune responses [23]. In the present immunotherapy

era, the role, candidacy, and timing of surgically resecting

the primary tumor remains undefined. We recently reported

the case of a patient with metastatic RCC who exhibited a

remarkable response to nivolumab and underwent an

uncomplicated radical nephrectomy with no evidence of

viable malignancy in his final pathologic specimen [24].

In another case report of a patient with metastatic RCC, use

of nivolumab actually facilitated nephrectomy and partial

hepatectomy by reducing the primary tumor size, and

the surgery was performed safely in a minimally invasive

fashion [25].

Heretofore, the safety of nephrectomy after ICI has not

yet been studied systematically. In the present study, we

sought to evaluate the safety and feasibility of performing

nephrectomy in patients who received prior ICI for RCC at

our institution, along with the pathologic response rates of

primary and metastatic tumors.

2. Methods

Following institutional review board approval, clinico-

pathologic data of patients who underwent nephrectomy for

RCC between 2016 and 2018 at our institution were

reviewed. Patients who had received nivolumab monother-

apy or combination ipilimumab and nivolumab prior to sur-

gery were identified. All patients were confirmed to have

RCC by biopsy of either the primary or a metastatic lesion

prior to initiation of systemic therapy. Decision to pursue

ICI was based on failure of other lines of systemic therapies

or, following first-line approval of combination ipilimumab
and nivolumab for metastatic RCC, was the initial choice

of therapy. Indications and timing for proceeding with

nephrectomy varied by patient scenario, but was generally

pursued in patients who were appropriate surgical candi-

dates (minimal competing comorbidities), with the majority

of their tumor burden localized in the kidney and an

absence of brain metastases. Rather than receive upfront

nephrectomy at metastatic diagnosis, patients included

herein were initiated on systemic therapy given the per-

ceived oncologic benefit of ICI. Patients who were demon-

strating response to ICI in metastatic sites or in the primary

tumor, including improvement in risk classification, were

then felt most likely to derive benefit from nephrectomy.

All patients were counseled on risks, benefits, and alterna-

tives of pursuing surgical intervention prior to nephrec-

tomy. Surgical approach, including open versus minimally

invasive techniques, performance of lymphadenectomy,

and performance of metastasectomy were per the treating

surgeon’s discretion. If tumors were felt to be safely

approachable using robotic or conventional laparoscopic

approaches, then these approaches were preferentially used

to minimize morbidity. An open approach was pursued in

scenarios of local tumor invasion (e.g., to surrounding

organs or tumor thrombus extension into the inferior vena

cava), extensive resection of metastatic sites, or particularly

large tumor size deemed on preoperative imaging.

Patient demographics, tobacco exposure, type and number

of ICI cycles received before surgery, immune-related adverse

events, tumor laterality, and presence and site(s) of metastatic

disease were collected. Patients’ risk categorizations were

ascertained by the International Metastatic RCC Database

Consortium (IMDC) criteria. Pathologic information includ-

ing tumor histology, grade, size, stage, multifocality, surgical

margins, and presence of necrosis, sarcomatoid features, rhab-

doid features, or tumor thrombus were tabulated. Immediate

surgical outcomes assessed included intraoperative complica-

tions, operative time (OT), estimated blood loss (EBL), need

for blood transfusion, admission to the intensive care unit,

and hospital length of stay (LOS). Additional information

regarding any postoperative complications (graded by the

Clavien-Dindo classification scale), 30- and 90-day readmis-

sion rates, continuation of ICI postoperatively, and mortality

were also collected.

Descriptive statistics were used to analyze clinicopatho-

logic data, treatment response, surgical outcomes, complica-

tions, and follow-up. All statistical analyses were conducted

using SPSS version 25.0 (IBM, Armonk, NY).
3. Results

3.1. Clinicopathologic characteristics

In total, 11 nephrectomies, including 10 radical and 1

partial nephrectomy, were performed in 10 patients

(9 male, 1 female) who had received prior ICI. Clinical data

for each patient are summarized in Table 1. Median age at
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the time of nephrectomy was 64 years. Six patients received

1 to 4 cycles of combination ipilimumab and nivolumab,

while 4 received 2 to 12 infusions of nivolumab preopera-

tively. ICI was not halted for surgical indications in any

case, and the median time between ICI dose and surgery

was 21 days. One patient with nonmetastatic, synchronous

bilateral renal masses underwent staged left radical

nephrectomy and right partial nephrectomy after 2 cycles

of nivolumab. The remaining patients all harbored meta-

static disease. IMDC risk scores for metastatic patients at

the time of ICI receipt were either intermediate (7/9, 78%)

or poor (2/9, 22%); no patients exhibited favorable IMDC

risk. At the time of surgery, 1 of the patients with initially

poor risk disease was reclassified as intermediate risk after

multiple cycles of nivolumab.

On final pathologic assessment (Table 2), all but 2

tumors were of clear cell histology; the remainder included

1 papillary type II and 1 translocation RCC. One patient

exhibited complete response (pT0) to ICI in the primary

tumor. The relative change in size of the index primary

tumor from pre-ICI imaging to surgery is summarized in

Fig. 1. No patients progressed by iRECIST criteria prior to

surgery. Among the 4 patients with tumor thrombi, there

was no appreciable shrinkage in the thrombus size in

response to ICI. Of the 5 patients who underwent lympha-

denectomy, 2 patients exhibited pN1 disease, both of whom

had nonclear cell histology. Four patients underwent meta-

stasectomy for hepatic, pulmonary, or adrenal lesions, of

whom 3 patients (75%) exhibited no detectable malignancy

in any of the metastases resected. The radiographic appear-

ance of a patient’s hepatic lesion that responded completely

to ICI is exemplified in Fig. 2 (Patient 5). All surgical

margins were negative.

3.2. Feasibility and safety outcomes

Five surgeries (45%) were successfully performed in a

minimally invasive fashion (conventional laparoscopy or

robotic-assisted), and 4 patients underwent concomitant

tumor thrombectomy, including 2 with thrombus extension

into the inferior vena cava. In our experience, there were no

untoward intraoperative challenges encountered that we

could definitively attribute to ICI exposure. Grossly, we did

not find an increased desmoplastic reaction, fibrosis, edema,

or adhesions that affected the technical difficulty of the

operations. There were no anesthesia challenges encoun-

tered either. No patients experienced any major intraopera-

tive complications (Table 3). One patient who underwent

left radical nephrectomy and simultaneous resection of a

hepatic metastasis experienced a pancreatic laceration that

was repaired primarily without any notable postoperative

consequence. Median OT and EBL were 180 minutes and

100 ml, respectively. Three patients were admitted to the

intensive care unit postoperatively, including 2 who were

admitted for routine monitoring after thrombectomy.

Median total LOS was 4 days. There were no deaths or
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complications in the immediate postoperative period, and

no patients experienced any wound complications.

Median postoperative follow-up for the 10 patients

was 180 days. Within the first 30 days of surgery, there

were no deaths and 3 readmissions: 1 patient developed a

pericardial effusion and sizable left pleural effusion for

which he required thoracentesis, 1 required paracentesis

in the setting of chylous ascites, and another required per-

cutaneous aspiration of a sterile fluid collection in the

hepatic resection bed. Between 30 and 90 days of surgery,

there was 1 additional readmission for a patient who suc-

cumbed to pulmonary insufficiency secondary to a pulmo-

nary embolus and sepsis at 81 days postoperatively. One

patient died of progressive disease 105 days after surgery.

No readmissions or complications of any grade were

noted in the remaining 6 patients, and 8 patients are cur-

rently alive. ICI was resumed postoperatively in 6

patients based on tolerability and ongoing radiographic

benefit from ICI at the time of surgery. Safety outcomes

are summarized in Table 3.
4. Discussion

The landmark CheckMate 025 and 214 trials recently

revolutionized the paradigm for managing metastatic

RCC by introducing ICIs into our therapeutic armamen-

tarium [21,22]. The role and timing of offering nephrec-

tomy in the contemporary immunotherapy era remain

largely undefined, and until now, the feasibility and

safety of performing nephrectomy after prior receipt of

ICI have not been studied systematically. In the present

study, we found that nephrectomy following ICI for RCC

appears to be both safe and technically feasible in our

institutional experience, with favorable surgical outcomes

and pathologic response.

Mechanistically, ICIs act uniquely to block inhibitory

signaling mediated through the CTLA-4 (ipilimumab) or

PD-1 (nivolumab) pathways. In turn, by preventing the

binding of CTLA-4 or PD-1 to their respective ligands,

ICIs enhance T cell activation, proliferation, and infiltration

in tumors to elicit an immune-mediated antitumoral

response [23]. Combined blockade of both the CTLA-4 and

PD-1 pathways has demonstrated synergy in treating RCC

[22], eventually establishing an approved role for ICI in the

frontline management of metastatic RCC patients. Despite

the immunomodulation induced by these agents, we found

that neither the technical difficulty of surgical dissection

nor adhesions encountered intraoperatively were increased,

and no major intraoperative complications or perioperative

deaths occurred. OT, EBL, and LOS in our series were

acceptable and comparable to other contemporary nephrec-

tomy series reporting on perioperative outcomes [26−28].
In all 5 cases in which we attempted a minimally invasive

approach, surgery was completed successfully without

conversion to an open procedure. We were also able to



Fig. 1. Waterfall plot illustrating relative change in size of the index primary tumor from pre-ICI cross-sectional imaging to surgery. Patient 2 (orange)

exhibited complete pathologic response in his primary tumor (pT0). Dotted lines are displayed at 20% and -30% thresholds used for progressive disease and

partial response, respectively, by iRECIST criteria. Abbreviations: ICI = immune checkpoint inhibition. (Color version of figure is available online.)
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successfully perform tumor thrombectomy in 4 patients,

and no patients had positive surgical margins.

Although autoimmune effects could theoretically im-

pact postoperative recovery, such as pancreatitis, pneumo-

nitis, and neuropathy, no such issues arose postoperatively

in our cohort, despite that immune-related adverse events

occurred in 6 patients prior to surgery. In another recent

retrospective study evaluating the feasibility and safety of

surgery in patients receiving ICI for various malignancies

—including 2 patients with RCC who underwent laparo-

scopic abdominal wall resection after atezolizumab—
Elias et al. reported 1 death and no 30-day grade III-IV

complications [29]. They concluded that ICI was safe in

the perioperative setting and did not need to be stopped,

though notably none of the patients underwent post-ICI

nephrectomy, and the 22 surgical procedures evaluated in

their study were varied and often less involved than

nephrectomies. Furthermore, unlike several prospective

studies in which wound-healing concerns were noted

after the presurgical use of angiogenic inhibitors for RCC

[9,10,13,30]—including 21% such complications after

bevacizumab [9]—we found that none of our patients

exhibited any wound complications after post-ICI

nephrectomy.

Postoperative complication rates overall were acceptable

in our cohort. Three of 4 patients who developed any com-

plication over a median postoperative follow-up of 6

months were successfully managed with interventional

radiology procedures (paracentesis, percutaneous aspira-

tion, or thoracentesis). Of the 2 patients who died, 1 devel-

oped a pulmonary embolus and sepsis >30 days after

surgery, which were not definitively attributable to preoper-

ative ICI use, and the other succumbed to disease progres-

sion >3 months after surgery. Our complication rates fared
favorably to those reported recently in the randomized

SURTIME trial, which compared immediate and deferred

cytoreductive nephrectomy in patients with metastatic RCC

receiving sunitinib [7]. In SURTIME, Bex et al. reported an

overall surgical complication rate of 56% across the imme-

diate, per-protocol deferred, and off-protocol deferred

nephrectomy groups; this notably included 27% intraopera-

tive complications and 45% postoperative complications.

Our findings also highlight the remarkable pathologic

response to ICI in a cohort of patients who only exhibited

intermediate or poor IMDC risk. One patient achieved

complete pathologic response (pT0) on his nephrectomy

specimen, while 3 of 4 (75%) patients who underwent meta-

stasectomy for identified lesions in the liver, lung, or adre-

nal glands strikingly exhibited no malignancy in any of the

metastases resected. Given the favorable pathologic

response to ICI, performing biopsies of lesions that respond

radiographically can be considered to avoid the morbidity

of surgical excision, though false negatives or even tumor

scar relapse remain possibilities. Predicting response to

ICI remains an area of considerable contemporary interest

[31−33], and patient selection, potentially integrating geno-
mic, transcriptomic, or immunohistochemical expression

profiles, will likely retain a critical role in understanding

which patients would derive oncologic benefit from ICI

combined with locoregional control.

Our study is limited by its retrospective nature in a small

cohort derived from a single institution. The ICI regimen

employed, number of ICI cycles preceding surgery, prior

receipt of other therapies, and resumption of ICI postopera-

tively were not standardized across all patients. The cohort

was also heterogeneous, including differences in histopa-

thology, metastatic burden, surgical approach, performance

of lymphadenectomy, and performance of metastasectomy,



Fig. 2. Axial contrast-enhanced abdominal CT images of Patient 5, demonstrating radiographic response to ICI. (A) Baseline images obtained prior to IC

reveal multiple enhancing hepatic metastases, biopsy-confirmed RCC, with the dominant tumor measuring 12.3£ 8.1 cm located primarily in segment 8 (yel

low arrow). The large left primary renal tumor (red arrow) measures 11.8£ 9.7£ 9.3 cm and demonstrates heterogeneous enhancement with local infiltration

and invasion into the renal vein and inferior vena cava (not shown). Enlarged left para-aortic lymph node measures 4.0£ 2.5 cm (green arrow). (B) Following

receipt of 2 cycles of combination ipilimumab and nivolumab, the same dominant hepatic lesion (yellow arrow) shrank considerably to 3.2£ 2.1 cm and

demonstrated hypoattenuation with capsular retraction. The primary tumor shrank to 8.2£ 6.6£ 7.0 cm (red arrow), and retroperitoneal lymphadenopathy

resolved entirely. Partial hepatectomy at the time of nephrectomy revealed fibrosis, inflammation, edema, and remote hemorrhage, but otherwise no viable

malignancy in the liver metastases (final stage pT3bN0M0). Abbreviations: ICI = immune checkpoint inhibition; RCC = renal cell carcinoma. (Color version

of figure is available online.)
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which may complicate the interpretation of results. Further-

more, our ability to assess oncologic outcomes is limited by

a relatively short postoperative follow-up (median 6

months). Nonetheless, to our knowledge, this is the first

study to systematically report the feasibility and safety of

nephrectomy after prior exposure to ICI for RCC. Our

encouraging experience may form the impetus for larger

studies exploring patient selection and oncologic outcomes

in these patients. Novel clinical trials are needed to further

elucidate the role and timing of nephrectomy in the setting

of ICI. We eagerly await the results from ongoing prospec-

tive trials, such as the phase III PROSPER trial comparing

perioperative nivolumab versus observation in patients with

localized RCC undergoing nephrectomy (NCT03055013)

and another trial comparing nivolumab with or without bev-

acizumab or ipilimumab before nephrectomy in patients
I

-

with metastatic RCC (NCT02210117), to shed light on

nephrectomy after ICI.
5. Conclusion

In our experience, nephrectomy following ICI for

RCC is both safe and technically feasible. Surgical and

postoperative outcomes are encouraging, and pathologic

response to ICI is strikingly favorable in both the primary

tumor and metastatic sites. Biopsies of lesions responding

radiographically to ICI should be considered prior to sur-

gical excision. As multimodal management in the immu-

notherapy era continues to evolve, the utility and timing

of nephrectomy combined with ICI in selected patients

warrants further study.



Table 3

Feasibility and safety assessed by perioperative and postoperative outcomes in patients undergoing nephrectomy after receipt of ICI

Patient Perioperative outcomes Postoperative outcomes

Open versus

minimally

invasive (MIS)

approach

OT (mins) EBL (mL) Intraoperative

complications

Need for

blood

transfusion

ICU

admission

LOS (days) 30-day

readmission

90-day

readmission

Any complication

(highest Clavien-

Dindo grade)

Resumption of ICI

post-operatively

Dead Time to

last follow-up

from surgery

(days)

1 Open 180 300 No No Yes 4 Yes Yes Yes (IIIa)a Yes Yesb 105

2 Open 92 50 No No No 5 No No No No No 675

3 MIS 115 100 No No No 2 No No No Yes No 528

4 MIS 262 70 Pancreatic laceration

(repaired primarily)

No No 4 No No No No No 295

5 Open 312 350 No No Yes 7 Yes Yes Yes (IIIa)a No No 205

6 MIS 139 75 No No No 1 No No No No No 196

7a MIS 192 100 No No No 2 No No No Yes No 164

7b MIS 80 100 No No No 2 No No No Yes No 117

8 Open 223 400 No No No 3 No No No Yes No 141

9 Open 330 6000 No Yes Yes 4 Yes Yes Yes (IIIa)a No No 114

10 Open 130 500 No Yes No 4 No Yes Yes (V)a Yes Yes 81

Abbreviations: EBL = estimated blood loss; ICU = intensive care unit; LOS = length of stay; OT = operative time.
a Patient 1 developed chylous ascites requiring paracentesis. Patient 5 developed a sterile fluid collection in the hepatic resection bed requiring percutaneous aspiration. Patient 9 developed pleural effusion

requiring thoracentesis. Patient 10 developed a pulmonary embolus and sepsis from which he succumbed at 81 days after surgery.
b Patient 1 died of progressive disease >3 months after surgery.
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