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Abstract

Background: Complete responses to immunotherapy in metastatic kidney cancer have led to a renewed interest in primary-site surgery.

The prolonged survival of these patients has prompted consideration for nephron-sparing surgery when technically feasible. Given the surgi-

cal difficulties reported in the literature, it is essential to assess the feasibility as well as functional and oncological results of partial nephrec-

tomy (PN) after immunotherapy.

Methods: Multicentric retrospective study based on UroCCR database, including all metastatic patients who underwent PN after a com-

plete response to immunotherapy at metastatic sites. Morbidity, renal function, positive margin rate, and oncological outcomes were

assessed.

Results: Thirteen patients underwent PN after immune checkpoint inhibitor (ICI), between January 2019 and September 2023. Median

age at surgery was 64 [50−68]; 84.6% received ICI as first-line treatment with a median duration of 11.7 [7.7−14.9] months. None of the

patients had positive surgical margins, five patients (38.5%) were ypT0. Two patients (15.4%) presented intraoperative complications and

1 a severe postoperative complication. Median GFR at 3 months was 84.7 [66.6−95.2] mL/min/1.73 m2 with no significant difference from
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preoperative GFR. After surgery, immunotherapy was not reintroduced in ten patients (77%). Median follow- up was 25.6 [19.6−30.2]
months, median treatment-free survival was 22.4 [15.8−34.7] months. RFS at 12 months and at last follow-up were 84.6% and 53.8%. OS

rate at last follow-up was 92.3%.

Conclusion: This series demonstrates the feasibility of partial nephrectomy following immune checkpoint inhibitor treatment, with

acceptable morbidity rates and no major difficulties specifically attributable to the prior treatment. While the data suggest promising func-

tional and oncological outcomes, further investigation is needed. The study underscores the importance of early re-evaluation of metastatic

cases in multidisciplinary tumor boards. � 2024 Elsevier Inc. All rights are reserved, including those for text and data mining, AI training,

and similar technologies.
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1. Introduction

Renal cell carcinoma (RCC) is the 14th most common

cancer worldwide [1]. Although it is most often diagnosed

incidentally at a localized stage, on imaging performed for

other causes [2], it remains diagnosed at the metastatic

stage in approximately 15% of the cases [1,3]. The manage-

ment of these patients has considerably changed in recent

years, leading to improvements in their overall [4]. Since

the CARMENA trial [5], cytoreductive nephrectomy is no

longer the standard of care for intermediate- or high-risk

patients who now benefit from initial systemic treatment.

With the introduction of immune checkpoint inhibitors

(ICI), either combined with tyrosine kinase inhibitor (TKI)

or dual ICI, the rate of complete radiological responses at

the metastatic sites has increased. However, responses in

the primary renal lesion are less frequently observed,

renewing interest in surgical intervention for the primary

lesion. The selection of patients eligible for nephrectomy

and the true impact of this surgery on prognosis are still

debated. Additionally, data on the complexity of these sur-

geries vary, with some authors reporting high levels of

inflammation associated with immunotherapy (IO), sug-

gesting more complicated procedures, whereas others have

found no additional difficulties compared to patients who

have not undergone systemic treatment [6,7].

Nevertheless, the extended survival of patients who are

good responders to immunotherapy prompts consideration

for nephron-sparing surgery whenever possible to achieve

complete remission while preserving renal function.

Therefore, this study aims to describe the characteristics

of patients eligible for delayed partial nephrectomy (PN)

after immunotherapy, and to assess the feasibility, and func-

tional and oncological outcomes of this surgical approach.
2. Materials and methods

2.2. Study population

Using the French Research Network on Kidney Cancer

Database UroCCR (CNIL DR 2013-206; NCT03293563),

we conducted a multicenter, retrospective study including

all metastatic patients who underwent partial nephrectomy
after a complete response to immune checkpoint inhibitors

at metastatic sites.
2.3. Follow-up and outcomes

All preoperative, intraoperative, postoperative, and fol-

low-up data were collected prospectively from the database

after obtaining written consent.

Demographic data included patient age at surgery, sex,

Body Mass Index (BMI), patient’s general condition

(assessed by the Eastern Cooperative Oncology Group

[ECOG] performance status), history of hereditary syn-

drome, indication for nephron-sparing surgery (NSS),

description of metastatic sites, systemic treatment mole-

cules, treatment line, and duration of systemic therapy

before surgery. The response to ICI therapy was assessed

using enhanced CT scans, and the primary tumor response

was evaluated based on the percentage of reduction in

tumor size.

Tumor characteristics included the diameter and com-

plexity according to the RENAL score on the CT scan

before surgery (classified as low [4−6], moderate [7−9] or
high [10−12]). The pathology report included the ISUP

grade, tumor stage according to the 8th edition of the TNM

classification system, and positive margin rate.

Morbidity was assessed in terms of the duration of sur-

gery, estimated blood loss, blood transfusion rate, length of

stay, and intra- and postoperative complications (consid-

ered minor if the Clavien-Dindo score was ≤2 and major if

>2). The quality of the procedure was assessed using the

Trifecta composite criteria [8] combining negative surgical

margins, absence of perioperative complications, and a

decrease in GFR of less than 10% postoperatively.
Functional outcomes were assessed by measuring the

serum creatinine level, estimating the GFR according to the

Modification of Diet in Renal Disease (MDRD) formula

pre- and postoperatively (at 3 months), looking for acute

kidney injury (AKI), postoperative de novo chronic kidney

injury (CKD), and CKD upgrade.
Follow-up was conducted according to the French Uro-

logical Association guidelines [9], and oncological out-

comes included recurrence-free survival (RFS), treatment-

free survival (TFS) and overall survival (OS). OS was



Table 1

Patients characteristics

n=13

Age at surgery (years), median [IQR] 64 [50−68]
Sex, n (%)
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defined as time between surgery and death of any cause.

RFS was defined as time between surgery and diagnosis of

local recurrence, metastatic progression, or death of any

cause, whatever comes first. TFS was defined as time

between discontinuation of IO and resumption of treatment

due to revolution.

Male 10 (77)

Female 3 (23)

Hereditary syndrome, n (%) 0 (0)

BMI (kg/m2), median [IQR] 29.2 [27.2−31.3]
ECOG performance status at surgery, n (%)

0 11 (84.6)

1 2 (15.4)

IMDC prognostic group, n (%)

Favorable 2 (15.4)

Intermediate 7 (53.8)

Poor 4 (30.8)

Preoperative GFR (mL/min/1,73m2), median [IQR] 88.0 [72.4−96.7]
Tumor size at diagnosis (cm), median [IQR] 5.5 [3.0−7.0]
cT stage, n (%)

cT1a 4 (30.8)
2.3. Data analysis

Data analysis was performed using the R software envi-

ronment for statistical computing and graphics (version

4.0.0). Continuous variables were reported as median and

interquartile range [IQR], whereas categorical variables

were reported as frequencies and proportions. A univariate

logistic regression analysis was performed to identify

potential predictive factors for achieving ypT0 status, repre-

senting the absence of residual tumor cells in pathological

evaluations.

cT1b 5 (38.5)

cT2a 1 (7.7)

cT3a 3 (23.1)

Number of metastatic sites, median [IQR] 2 [1−3]
Metastatic sites at diagnosis, n (%)

Lung 7 (53.8)

Bone 7 (53.8)

Lymph nodes 6 (46.2)

Liver 1 (7.7)

Pancreas 1 (7.7)

Treatment, n (%)

Nivolumab + Ipilimumab 6 (46.2)

Nivolumab 3 (23.1)

Nivolumab + Ipilimumab + Cabozantinib 2 (15.4)

Pembrolizumab + Axitinib 1 (7.7)

Nivolumab + Axitinib 1 (7.7)

Treatment duration (months), median [IQR] 11,7 [7.7−14.9]
Line of treatment, n (%)

First line 11 (84.6)

2nd line 1 (7.7)

3rd line 1 (7.7)

Tumor size at surgery (cm), median [IQR] 5.6 [5.0−6.0]
Tumor complexity at surgery, n (%)

Low 0 (0)

Intermediate 6 (46.2)

High 7 (53.8)
3. Results

3.1. Patients’ and surgeries’ characteristics

Out of 93 patients in our database who underwent cytor-

eductive surgery in the context of ICI therapy, 13 under-

went PN after IO between January 2019 and September

2023. The median age at surgery was 64 [50−68] and 10/13
patients (77%) were male. At diagnosis, the prognostic

group according to the International Metastatic RCC Data-

base Consortium (IMDC) [10] was favorable, intermediate,

and poor for respectively 2/13 (15.4%), 7/13 (53.8%) and

4/13 (30.8%) patients. The median number of metastatic

sites was 2 [1−3] and the median primary tumor size was

5.5 [3−7] cm. Most patients (11/13; 84.6%) received IO as

first-line treatment with 4/13 patients (30.8%) treated using

a combination ICI-TKI and 9/13 (69.2%) ICI in mono or

dual therapy. The median duration of IO before surgery

was 11.7 [7.7−14.9] months. The primary tumor site did

not generally respond to treatment, since the median tumor

size at surgery was 5.6 [5−6] cm corresponding to a median

response of 0% [26.9 − -29.0]. The median RENAL score

was 10 [8−10] (Table 1).
Three patients (23.1%) had an imperative indication

for PN, 1 (7.7%) underwent open surgery, and the others

underwent surgery using a minimally invasive approach.

The median operating time was 180 min [167−268]. The

median estimated blood loss was 400cc [300−937.5] and

2/13 patients (15.4%) presented intraoperative complica-

tions (a vena cava injury sutured without requiring con-

version to open surgery and an injury to the gall bladder

in a patient undergoing quadruple tumorectomy). The

median length of stay was 3 days [3−6] and 4/13 patients

(30.8%) developed postoperative complications, includ-

ing 1/13 (7.7%) severe complication (urinary fistula

requiring ureteral stenting and radiological drainage)

(Table 2).
Overall, while performing partial nephrectomy after

immune checkpoint inhibitor therapy, no major difficulties

specifically attributable to the prior immunotherapy treat-

ment were generally encountered. The resection techniques

employed were largely in line with those used in patients

who did not receive prior systemic therapy, without the

need for routinely implementing precautions unique to this

cohort. According to the operative reports, there was no

indication of increased surgical complexity, suggesting that

the impact of immune checkpoint inhibitors did not signifi-

cantly complicate the operative course. Post-surgery,

IO was not reintroduced in 11/13 patients (84.6%), while 2/

13 patients continued treatment for 2 and 14 months,

respectively.



Table 2

Characteristics and outcomes of surgeries

n=13

Indication for nephron-sparing surgery, n (%)

Imperative 3 (23.1)

Relative 1 (7.7)

Elective 9 (69.2)

Multiple tumorectomy, n (%) 1 (7.7)

Surgical approach, n (%)

Open 1 (7.7)

Laparoscopic 1 (7.7)

Robot-assisted 11 (84.6)

Operating time (min), median [IQR] 180 [167−268]
Blood loss (mL), median [IQR] 400 [300−937.5]
Blood transfusion, n (%) 1 (7.7)

Intraoperative complications, n (%) 2 (15.4)

Postoperative complications, n (%) 4 (30.8)

Including severe (Clavien ≥3) 1 (7.7)

Length of stay (days), median [IQR] 3 [3−6]
Trifecta satisfied, n (%) 8 (61.5)

Fig. 1. Kaplan−Meier estimates of recurrence-free survival after delayed

partial nephrectomy.
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3.2. Pathological results

Regarding the final pathological results, all patients

presented with clear cell renal cell carcinomas with

Fuhrman grades of 2, 3, and 4 in three (37.5%), four

(50%), and one (12.5%) patients, respectively (Table 3).

None of the patients had positive surgical margins, and

5 out of 13 patients (38.5%) exhibited no residual tumor

(ypT0). No predictive factors for achieving ypT0 were

identified in the univariate analysis, with the duration of

treatment (P = 0.2), response to treatment (P = 0.4), and

type of treatment (P = 0.3) showing no significant asso-

ciation. Additionally, there was no difference in the pri-

mary tumor response on preoperative imaging between

the ypT0 patients and those with residual tumors on

pathology.
Table 3

Oncological results

n=13

Negative surgical margins, n (%) 13 (100)

ypT0, n (%) 5 (38.5)

n=8

Clear cell renal cell carcinoma, n (%) 8 (100)

Fuhrman grade, n (%)

2 3 (37.5)

3 4 (50)

4 1 (12.5)

ypT stage, n (%)

ypT1a 5 (62.5)

ypT1b 1 (12.5)

ypT2 1 (12.5)

ypT3a 1 (12.5)
3.3. Functional results

Regarding functional results, 2/13 patients presented

AKI postoperatively and only one presented a CKD

upgrade (from stage 3B to 4). No de novo CKD was

observed, and the median GFR at 3 months was 84.7 [66.6

−95.2] mL/min/1.73 m2 with no significant difference from

the median preoperative GFR of 88.0 [72.4−96.7] mL/min/

1.73 m2.
3.4. Oncological results

Finally, when looking at the oncological results, the

median follow-up was 25.6 [19.6−30.2] months, and the

overall survival at the last follow-up was 92.3%. One

patient died 35.3 months after surgery from a cause unre-

lated to the kidney cancer. The recurrence-free survival at

12 months and at last follow up was 84.6% and 53.8%,

respectively. Five patients experienced a disease recurrence

at a median time of 14.6 [10.8−22.4] months and the

median treatment-free survival was 22.4 [15.8−34.7]
months (Figs. 1 and 2).
4. Discussion

Cytoreductive nephrectomy has been a cornerstone in

the treatment of metastatic RCC (mRCC) for decades,

based on the premise that complete removal of the primary

tumor might eliminate a source of further metastases,

enhance the body’s immune response, and reduce tumor

burden. However, the introduction of targeted therapies has

posed challenges to this approach. The randomized phase 3

CARMENA trial [5], published in 2018, investigated the

value of cytoreductive nephrectomy in mRCC patients eli-

gible for systemic therapy with sunitinib. The trial con-

cluded that sunitinib alone was not inferior to nephrectomy

followed by sunitinib in intermediate-risk or poor-risk

mRCC patients. These findings, coupled with the impact of



Fig. 2. Patients history and follow-up.
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postoperative complications and surgery on quality of life,

have shifted mRCC management away from surgery as the

standard of care.

However, a post hoc analysis of the CARMENA trial

identified a small subgroup of patients who underwent sec-

ondary nephrectomy after treatment with sunitinib, result-

ing in significantly higher overall survival (OS) [11]. The

advent of Immune Checkpoint Inhibitors (ICIs) has revolu-

tionized therapeutic approaches for mRCC. The CHECK-

MATE-214 [12] study demonstrated the superior efficacy

of combining nivolumab and ipilimumab over sunitinib.

Similarly, the KEYNOTE-426 [13] study reported consid-

erable improvements in overall survival, progression-free

survival, and objective response rate through the combina-

tion of pembrolizumab and Axitinib, as first-line treatment

for mRCC, compared to sunitinib monotherapy. Therefore,

immunotherapy-based combinations have resulted in com-

plete responses at metastatic sites, though less frequently at

renal lesions, rekindling interest in primary lesion surgery

to achieve complete remission. The selection of candidates

for delayed nephrectomy and its impact on prognosis

remain subjects of debate. Additionally, surgery could be

complicated by inflammation associated with immunother-

apy [6,14].

Singla et al. [15] conducted a study assessing the patho-

logical response and surgical outcomes in ten patients who

underwent nephrectomy following ICI therapy, with a

median postoperative follow-up of 180 days. The findings

revealed a favorable pathological response to ICI therapy,

with complete responses observed in both primary and met-

astatic lesions, enabling a high rate of negative surgical

margins (100%) and immunotherapy discontinuation post-

operatively in six patients. Importantly, the surgical proce-

dures were generally well tolerated, with no significant

surgical difficulties or major intraoperative complications

reported.
Pignot et al. [6] examined the oncological outcomes and

surgical safety of delayed nephrectomy after optimalICI

therapy response to ICI in 30 patients, with a median fol-

low-up of 19.5 months. The study demonstrated promising

progression-free survival rates of 96.7% and 78.3%, and

overall survival rates of 100% and 86.1% at one and two

years, respectively, following delayed nephrectomy,

highlighting the potential benefits of this approach in

achieving good oncological outcomes. Nevertheless, they

emphasized that more than 63% of surgeries encountered

challenges, such as inflammatory changes, fibrosis, and

technical difficulties due to desmoplastic reactions, stress-

ing the importance of careful patient selection and surgical

planning in this setting.

Shapiro et al. [14] presented a study involving 75

patients who underwent cytoreductive nephrectomy after

combination ICI therapy, all of which were radical nephrec-

tomies predominantly performed as open procedures. The

study observed limited morbidity and concluded that the

preoperative duration of ICI therapy did not significantly

correlate with the odds of complications. While inflamma-

tory reactions were present, this technical complexity did

not significantly increase the complication rate. Approxi-

mately half of the study’s patients did not resume systemic

therapy following post-ICI cytoreductive nephrectomy.

These findings underscore the potential advantages of

delayed cytoreductive nephrectomy in mRCC management,

particularly after a complete response to ICI therapy. The

management of metastatic renal cell carcinoma, especially

after a complete response to ICI therapy.

Similarly, Graafland et al.’s series of 21 delayed

nephrectomies [16] reported a high rate of surgical difficul-

ties due to fibrosis (71%), as mentioned in operative reports.

Nevertheless, they did not experience an increased risk of

major surgical complications (with four intraoperative com-

plications and three postoperative minor complications).
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Finally, Yip et al. [17] published the largest cohort of

113 patients undergoing surgery post-ICIs treatment. The

findings indicated a low rate of major complications and

favorable survival outcomes (82% OS and 47% PFS at 3

years), underscoring the feasibility and safety of these sur-

geries. However, factors such as Memorial Sloan Kettering

Cancer Center risk factors and pathological T stage were

identified as predictors of a higher complication rate,

emphasizing the importance of individualized patient man-

agement and risk assessment in the perioperative setting.

All these data underline the importance of treating these

patients in expert centers and early multidisciplinary tumor

board reviews, ideally within a year, of patients showing a

response at metastatic sites, regardless of the primary

lesion’s response.

European [18] and American [19] guidelines recommend

partial nephrectomy whenever possible for patients treated

at a localized stage. Numerous studies have shown that

oncological control achieved with partial nephrectomy is

equivalent to that radical nephrectomy, with no significant

differences observed in terms of overall survival and recur-

rence-free survival [20,21]. Partial nephrectomy also better

preserves renal parenchyma, limiting postoperative renal

function deterioration and reducing the risk of cardiovascu-

lar events [22,23] even in the metastatic setting [24]. More-

over, the robot-assisted minimally invasive laparoscopic

approach, that is now widely used and can potentially be

combined with new technologies such as 3D model guid-

ance, demonstrated a significant reduction of post-operative

morbidity [20,25,26]. Finally, a prospective study demon-

strated that kidney preservation positively impacts psycho-

logical well-being and quality of life [27]. These points,

along with prolonged survival for good responders to ICIs,

prompt consideration of nephron-sparing surgery, as for

patients treated at a localized stage.

Little is known regarding post-ICI PN. The first case

report, published in 2022 by Mebroukine et al. [7]

highlighted the feasibility of the procedure without major

intraoperative difficulties. Among the previously cited series

of delayed nephrectomies following ICI, only 6 out of 250

were NSS. Our study outlines our experience with delayed

PN following complete response to IO in patients with meta-

static kidney cancer, contributing to the existing literature

with a larger cohort. These data demonstrate that this treat-

ment strategy can be both safe and beneficial in carefully

selected patients. Despite challenging tumor characteristics,

surgical outcomes have been favorable, with most cases con-

ducted using minimally invasive approaches. The intraopera-

tive complication rate was acceptable, with only two patients

experiencing complications that were successfully managed

during surgery. Postoperative complications were also satis-

factory, with only one severe complication requiring addi-

tional intervention. Thus, the morbidity and the high rate of

trifecta satisfaction are comparable to series of partial

nephrectomies performed at a localized stage [26,28,29],

demonstrating the feasibility and safety of the procedure in
this context. Oncological outcomes align with those reported

in the literature [6,17,30], suggesting sustained disease con-

trol in the majority of cases with prolonged treatment-free

survival. Characteristics from our cohort indicate that patients

tend to be young with elective indications for partial nephrec-

tomy. This suggests that delayed nephron-sparing surgery

rather than radical nephrectomy after IO should not be

reserved for imperative situations but offered to selected

patients for prolonged remission without treatment while pre-

serving renal function.

To guide patient selection and implement cytoreductive

partial nephrectomy in clinical practice, we offer insights

grounded in our experience and supported by existing liter-

ature. Like the localized setting, the decision between par-

tial nephrectomy and radical nephrectomy in metastatic

scenarios should consider several factors, such as the

tumor’s size and complexity, assessed by the RENAL and

PADUA scores, which predicts surgical complexity, and

the volume of healthy kidney tissue to be preserved. Other

considerations include the patient’s overall comorbidity

burden, frailty, age, and baseline renal function. In the met-

astatic context, assessing the initial tumor extent and

response to treatment is critical for determining the surgical

approach. For patients responding well to immune check-

point inhibitors at metastatic sites, PN can effectively

reduce tumor burden and facilitate systemic therapy discon-

tinuation, provided that surgical morbidity is minimized.

Robotic surgical approaches have been shown to signifi-

cantly lower complication rates, expanding PN indications

in metastatic settings. While acknowledging morbidity risks

and potential delays in systemic therapy reintroduction, the

primary aim remains to cease treatment post-surgery. Opti-

mal decision-making between delayed PN and RN should

involve a multidisciplinary review and thorough patient dis-

cussions about the risks and benefits, focusing on the dura-

tion of complete response rather than systemic therapy

duration, with surgery considered after six to twelve months

of sustained response.

It is noteworthy that a significant number of patients

showed no pathological evidence of disease. In fact, 38.5%

of patients had ypT0 stage disease, which is significantly

higher than that in previous series. Among patients with

residual disease in the primary tumor, only one exhibited a

pT3a stage, suggesting the oncological safety of a conserva-

tive strategy [31]. This may be attributed to the selection of

patients who exhibited complete responses at the metastatic

sites and whose renal tumors were accessible to nephron-

sparing surgery. No predictive factors for complete

response were identified in our univariate analysis (includ-

ing primary tumor’s response to treatment), likely due to

the small sample size. However, four of the five patients

treated with a combination of nivolumab and ipilimumab

were ypT0. Notably, one patient who presented with a

ypT0 pathological analysis later developed pulmonary and

bone metastatic recurrence 60 months after the delayed PN.

This mismatch between radiological and pathological
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response highlights the difficulty of evaluating RECIST

radiological criteria using conventional imaging, and there-

fore the need to develop and evaluate new techniques.

This study offers insights from our initial experience in

managing patients who demonstrated favorable ICI

responses. Nonetheless, it is important to acknowledge sev-

eral limitations in our study. The small sample size (13

patients) may not fully capture the diverse mRCC patient

population, limiting the generalizability of our findings.

The retrospective nature of our study may introduce selec-

tion bias, as included patients already showed a favorable

response to immunotherapy. Additionally, while adequate

for preliminary analyses, the follow-up period may not fully

account for long-term outcomes beyond the observed time-

frame. Variability in surgical techniques and institutional

practices may also have contributed to outcome heterogene-

ity. Consequently, our findings require validation through

larger, prospective studies. The ongoing PROBE [32]

(NCT04510597) and Cyto-KIK [33] (NCT04322955) trials

are poised to provide such data. The PROBE trial, a ran-

domized controlled study, aims to compare overall survival

in mRCC patients receiving ICI-based combination thera-

pies, with or without subsequent cytoreductive nephrec-

tomy. Meanwhile, the Cyto-KIK trial is evaluating whether

preoperative administration of ICIs alongside Cabozantinib

before cytoreductive nephrectomy can optimize surgical

outcomes and reduce tumor burden. These trials are

expected to clarify the potential of integrating ICIs with sur-

gical intervention, ultimately guiding clinical practice in the

management of metastatic RCC.

5. Conclusion

This first series of partial nephrectomies following sys-

temic treatment with immune checkpoint inhibitors demon-

strates the feasibility of this surgical approach, with

acceptable morbidity rates and no major difficulties specifi-

cally attributable to the prior treatment. While the data sug-

gest promising functional and oncological outcomes,

including the potential for prolonged remission, these find-

ings warrant further investigation. Ultimately, the results

underscore the importance of early re-evaluation of meta-

static patient cases in multidisciplinary tumor boards
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