

[image: Management of stage 1 renal cell cancer in patients immunosuppressed for organ transplantation or autoimmune disease]
Management of stage 1 renal cell cancer in patients immunosuppressed for organ transplantation or autoimmune disease





ORIGINAL RESEARCH

published: 08 December 2023

doi: 10.3389/fruro.2023.1324696

[image: image2]


Management of stage 1 renal cell cancer in patients immunosuppressed for organ transplantation or autoimmune disease


Ali Ghasemzadeh 1, Eric T. Wendt 1, Brendan Dolan 1, Juliana Craig 1, Glenn O. Allen 1, E. Jason Abel 1 and Daniel D. Shapiro 1,2*


1 Department of Urology, University of Wisconsin School of Medicine and Public Health, Madison, WI, United States, 2 Division of Urology, William S. Middleton Memorial Veterans Hospital, Madison, WI, United States




Edited by: 

Bobby Chi-Hung Liaw, Mount Sinai Hospital, United States

Reviewed by: 

Francesco Sessa, Careggi University Hospital, Italy

Handoo Rhee, The University of Queensland, Australia

*Correspondence: 

Daniel D. Shapiro
 ddshapiro@wisc.edu


Received: 20 October 2023

Accepted: 20 November 2023

Published: 08 December 2023

Citation:
Ghasemzadeh A, Wendt ET, Dolan B, Craig J, Allen GO, Abel EJ and Shapiro DD (2023) Management of stage 1 renal cell cancer in patients immunosuppressed for organ transplantation or autoimmune disease. Front. Urol. 3:1324696. doi: 10.3389/fruro.2023.1324696






Objective

To describe the treatment and outcomes of patients who are medically immunosuppressed due to prior organ transplantation or autoimmune disease with clinical T1 renal cell carcinoma (cT1).





Methods

An institutional database of patients treated for RCC was queried for patients with cT1 RCC and on chronic medical immunosuppression at the time of RCC diagnosis. The outcomes for patients undergoing (1) surgery, (2) ablation, or 3) active surveillance (AS) are described.





Results

Between 2010 and 2022, 74 medically immunosuppressed patients with RCC were identified and treated using surgery (n = 29), ablation (n = 33), or AS (n = 12). Seven (58%) AS patients underwent deferred treatment (six ablations and one nephrectomy) due to tumor growth. For surgery patients and ablation patients, the 30-day readmission rates [17% and 9%, respectively (p = 0.7)], and 90-day complication rates [24% and 21%, respectively (p = 0.9)] were similar. One (3%) surgical patient and two (6%) ablation patients recurred locally. Despite being immunosuppressed, only one (3%) surgical patient, one (3%) ablation patient, and no AS patients progressed to metastatic disease. No significant differences were noted for the local recurrence-free rates, metastasis-free rates, and overall survival for the three cohorts (p > 0.05 for all).





Conclusions

Patients with stage one RCC with medical immunosuppression can be safely managed through surgery, thermal ablation, or active surveillance, with similar outcomes to historical series of non-immunosuppressed patients. Future prospective studies should investigate shared decision making in this patient cohort and include discussion of less aggressive options that minimize morbidity but preserve oncologic control.
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1 Introduction

Immunosuppression is necessary following organ transplantation and for the treatment of certain autoimmune diseases (1) and may result in significant morbidity (2, 3). Prior population-based studies have demonstrated that cancer occurrence is increased in patients who are chronically immunosuppressed (4), and a five-to-seven-fold increase in the incidence of kidney cancer has been observed in solid organ transplant patients specifically (4–6). The mechanisms underlying this are unknown but may be related to reduced immune surveillance with chronic immunosuppression. Additionally, patients with chronic kidney disease in their native kidneys frequently develop cystic degenerative changes and are predisposed to developing RCC, with an increased incidence of papillary RCC compared with the general population (7).

Patients presenting with cT1 (i.e., with tumors measuring <7 cm confined to the kidney) RCC who are medically immunosuppressed have multiple treatment options. Treatment decisions are evaluated in the context of a patient’s comorbidity, which may be substantial among immunosuppressed patients (8), in addition to their risk of progression to metastatic RCC, which is not well defined in immunosuppressed populations. Nephrectomy can be considered, with radical nephrectomy preferred in the native kidneys among patients with end-stage renal disease (ESRD) and partial nephrectomy preferred in transplant allografts. Ablation may also be considered, but ablation is known to have a slightly higher local recurrence rate among non-immunosuppressed patients (9). Concern regarding a greater rate of recurrence and progression among immunosuppressed patients than in the general population may influence treatment choice; however, little data are available to support this assumption. Active surveillance has been increasingly utilized for cT1a RCC in the modern era, which has excellent outcomes compared with surgery (10), but may not be offered to medically immunosuppressed patients because of a concern for more aggressive tumor behavior. Due to the relative scarcity of patients who are immunosuppressed and have cT1 RCC, there are few studies evaluating treatment outcomes. However, understanding these outcomes is critical to improving treatment options for stage 1 RCC patients treated with medical immunosuppression. The objective of this study was to examine the clinical and perioperative outcomes of medically immunosuppressed patients with cT1 RCC that were treated using surgery, ablation, or active surveillance.




2 Materials and methods

After institutional review board approval, a prospectively maintained RCC database was queried and clinical and pathological data from 2010–2022 were reviewed and collected for patients who were treated using surgery, thermal ablation, or active surveillance for RCC. Patients were included if they had cT1 RCC tumors and were on chronic immunosuppression, which was defined as the use of a selective immunosuppressant (as classified by the WHO) or prednisone at a dose of ≥ 5 mg for at least 3 months prior to their treatment for RCC and continuing throughout follow-up. Table 1 summarizes the immunosuppressive medications that were considered in this study. It was our institutional protocol to continue all immunosuppressive medications through the pre- and postoperative periods without changing the regimen or dose. Patients were considered as part of the active surveillance cohort if they underwent surveillance for at least 6 months from renal mass diagnosis to intervention. Only patients with a pathologic diagnosis of RCC (obtained either through biopsy or surgical specimen) were included in this study. Patients with metastatic disease at the time of diagnosis were excluded.


Table 1 | List of immunosuppressant medications considered in this study.



The data points pertaining to intervention outcomes were collected. Postoperative creatinine was defined as the creatinine value measured a minimum of 90 days post procedure. Charts were reviewed for follow-up dates, and the 30-day readmissions and 90-day complications were evaluated for the surgery and ablation cohorts. Complications were graded using the Clavien–Dindo complication grading system (11). Local recurrence was considered for partial nephrectomy patients if a tumor developed in the patients’ ipsilateral kidney after at least one negative cross-sectional imaging (either computed tomography [CT] or magnetic resonance imaging [MRI]). Tumors that underwent ablation were considered to have local recurrence if the cross-sectional images demonstrated no enhancement in the ablation zone during initial follow-up, and the subsequent images demonstrated either an enhancing mass in the ablation zone or a growing mass among patients who could not undergo a contrasted study. Our institutional ablation practice is to perform microwave ablation as previously described (12). Patients were followed up using cross-sectional imaging (either CT or MRI) of the chest, abdomen, and pelvis, and labs, regardless of the treatment approach, every 6 months for the first 3 years, and yearly thereafter. For patients who underwent radical nephrectomy, local recurrence was only considered for growing or enhancing soft tissue masses arising within the renal fossa. Metastatic progression was defined as histologically proven RCC masses in any lymph nodes, visceral structures or soft tissues (soft tissues outside the renal fossa in cases of radical nephrectomy).

Summary statistics were reported and compared among the three treatment cohorts using Wilcoxon rank sum or Fisher’s exact tests. The survival analysis, recurrence, and metastasis-free survival were evaluated and plotted on Kaplan–Meier curves. The survival outcomes were compared using the logrank test. The statistical significance was defined as a p-value < 0.05.




3 Results



3.1 Patient demographics and tumor characteristics

From 2010 to 2022, we identified 74 patients with cT1 RCC who were medically immunosuppressed. The reasons for immunosuppression are listed in Table 2. The most common indication for medical immunosuppressed was organ transplantation (61 out of 74 patients, 82%). The largest group of immunosuppressed patients was composed of patients who had previously undergone a kidney transplant. In this group, most patients received surgical treatment for their RCC, followed by ablation and active surveillance (62%, 39%, and 33%, respectively). Patients with RCC in a transplant allograft kidney, however, were more likely to undergo ablation or AS than surgery (40%, 57%, and 4%, respectively). Only a small number of patients had simultaneous multi-organ transplants (10 out of 74 patients, 13.5%). Among patients on immunosuppressive regimens due to rheumatologic disorders, none underwent surgery, opting for ablation (n = 6) or active surveillance (n = 2) instead.


Table 2 | Conditions requiring chronic medical immunosuppression.



In terms of treatment (Table 3), 29 out of 74 (39%) patients underwent surgery, 33 out of 74 (45%) underwent ablation, and 12 out of 74 (16%) initially pursued active surveillance (AS). The patients who received surgical treatment were younger than those who underwent ablation or active surveillance (p < 0.002, surgery vs ablation; p < 0.02, surgery vs AS). Most patients were male. There was no difference among the treatment groups based on patient race. The Eastern Cooperative Oncology Group (ECOG) performance status was similar among all groups; however, only the ablation and AS cohorts had patients with an ECOG performance status ≥ 2. The patients who underwent surgery had fewer comorbidities than patients who underwent ablation or AS based on Charlson comorbidity index scores.


Table 3 | Clinical and pathological variables for medically immunosuppressed patients undergoing surgical, ablative, or active surveillance treatments.



RCC histologic type was similar across treatment groups with clear cell RCC being most common. There was, however, an overrepresentation of papillary histology compared with population-based series (13). In general RCC cohorts, papillary RCC comprises 10%–15% of RCC diagnoses. In our immunosuppressed population, 24 out of 74 (32%) had papillary RCC. Histologic grade was examined, and a greater proportion of grade 3–4 tumors were seen in patients who underwent surgery (p = 0.01, surgery vs ablation; p = 0.04, surgery vs AS). Similar proportions of patients with cT1b masses underwent surgery and AS, 28% vs 25%, respectively (p = 1). All patients who underwent ablation had cT1a masses. No difference was seen in the size of the tumors among the groups.




3.2 Perioperative outcomes of immunosuppressed patients with RCC undergoing surgery and ablation

Among patients who underwent upfront surgery, 86% had radical nephrectomy and 14% had partial nephrectomy (Table 4). Among the upfront ablation cohort, the majority underwent microwave ablation (28 out of 33 patients, 85%), with the remaining patients undergoing cryoablation (five out of 33, 15%) Intraoperative complications were rare, with none occurring in patients undergoing surgery and only one among patients undergoing ablation. In patients who had surgery or ablation, there was no difference in the rates of postoperative transfusion or embolization. The 30-day readmission and 90-day complication rates were similar between surgery and ablation patients (Table 5). In our cohort of immunosuppressed patients, we did not see any wound complications in patients treated using surgery or ablation. There were no deaths within 90 days of the procedure date for any group. The median change in creatinine level from the preoperative to the postoperative periods was similar for the surgery vs ablation cohorts, suggesting that the higher postoperative creatinine levels of surgery patients reflect higher preoperative creatinine levels, though this difference was not statistically significant.


Table 4 | Perioperative outcomes of immunosuppressed patients with renal cell carcinoma undergoing surgery and ablation.




Table 5 | Readmissions and complications following surgery or ablation in immunosuppressed patients.



A subset of patients undergoing active surveillance went on to be treated using surgery or ablation (n = seven out of 12). One patient underwent radical nephrectomy, and six patients underwent microwave ablation. In patients on AS that went on to deferred treatment, the average time on AS was 1.3 years. The perioperative complication rates in this patient group were similar to those who were treated with surgery or ablation upfront (Table 6).


Table 6 | Perioperative outcomes of immunosuppressed patients with renal cell carcinoma who initially underwent active surveillance followed by deferred treatment.






3.3 Clinical outcomes following surgery, ablation, and active surveillance

Over a follow-up period of more than 3 years, there were few local recurrences or progression to metastatic disease in patients treated with surgery, ablation, or active surveillance in our cohort (Table 7). More patients on active surveillance died during the follow-up period (n = 6, 50%) than did those who underwent surgery or ablation.


Table 7 | Clinical outcomes by treatment cohort.



Within the surgery cohort, one patient recurred in the nephrectomy bed and developed paraaortic nodal metastasis at 3 months following surgery and ultimately died of metastatic RCC 11 months after the index operation. In the ablation cohort, two patients developed local recurrence, both at the ablation zone. The first patient developed a recurrence 16 months after the initial ablation and was treated with radical nephrectomy. This patient subsequently developed metastatic disease of the lung and bone, but was treated with cabozantinib and remains in remission. The second patient developed recurrence 5 months after the index ablation and was treated using a second ablation, and ultimately died of leukemia 2 years later without any sign of RCC recurrence.




3.4 Survival following surgery, ablation, and active surveillance in medically immunosuppressed patients

We evaluated the overall (OS), recurrence-free (RFS), and metastasis-free (MFS) survival in our patient cohort. There was no statistically significant difference in the OS among the treatment groups (Figure 1). Additionally, no significant difference in RFS and MFS was seen among the treatment groups. Both recurrence and metastasis were rare events in our cohort, with only three out of 74 (4%) patients experiencing local recurrence and two out of 74 (3%) patients progressing to metastatic disease across the entire cohort.




Figure 1 | The overall recurrence-free and metastasis-free survival of immunosuppressed patients with T1 renal cell carcinoma.







4 Discussion

The optimal treatment of small renal masses in immunosuppressed patients is unknown and there is a theoretical risk of more aggressive disease due to reduced immune surveillance (14). In this study, we demonstrated that carefully selected immunosuppressed patients with pathologically confirmed cT1 RCC had similar outcomes to historical series of non-immunosuppressed patients with stage 1 RCC. Overall, disease recurrence and the metastatic progression of T1 RCC are relatively uncommon. In a recent large Swedish national registry study of 4,965 patients with non-metastatic cT1 RCC, over a follow-up period of more than 5 years, 11.6% of patients had recurrent disease. Most of the recurrences were progression to metastatic disease, with the most common sites being the bone and lung. Local disease recurrence was uncommon, occurring in only 1% of patients (15). The recurrence rates for patients treated using ablation were higher than for those treated using surgery. In a similar study of the same patient cohort with a focus on cT1a RCC, the disease recurrence rate after treatment was found to be 7.5% (16). In a large cohort of 1,539 patients with surgically treated small renal masses with a median follow-up period of 3 years, 2.4% of patients developed metastases (17). In our cohort of immunosuppressed patients with cT1 RCC over median follow-up periods of 4.5, 3.4, and 3.9 years for patients who had surgery, ablation, and active surveillance, respectively, only three out of 74 (4%) patients developed local recurrence after treatment, including two out of 74 (3%) patients who developed metastatic disease. These recurrence rates are similar to studies of non-immunosuppressed patients and suggest RCC tumor behavior may be similar in medically immunosuppressed patients. Importantly, this evidence argues against the notion that tumor behavior is significantly more aggressive in medically immunosuppressed patients.

While this study was not specifically designed to compare the survival among the treatment cohorts, we found no difference in OS, RFS, or MFS regardless of the treatment type over intermediate term follow-up periods of 54 months, 41 months, and 47 months in patients who underwent surgery, ablation, and AS, respectively. Among patients on AS, seven of 12 patients (58%) went on to deferred surgery (one patient, 14%) or ablation (six patients, 86%), with an average time to deferred treatment of 1.3 years. The published rates of delayed intervention in non-immunosuppressed patients with small renal masses indicate that the delayed intervention rate is between 10% and 30% (18–21). In our cohort, the delayed intervention rate was higher, but this likely reflects a selection bias for conversion from surveillance to treatment due to concern for potential tumor progression occurring while on active surveillance. Regardless of whether a patient is immunosuppressed or not, the careful follow-up of patients on AS is necessary to prevent disease progression. We demonstrated that, with appropriate follow-up active, active surveillance was safe in an immunosuppressed population, as indicated by a lack of progression to metastatic disease, and it should therefore still be considered an option for significantly comorbid patients with cT1 disease. To our knowledge, our data represent one of the first cohorts reporting active surveillance for cT1 RCC in the transplant and immunosuppressed patient population; thus, we are unable to compare our experience to that at other centers.

A large proportion of patients in our study were immunosuppressed after receiving a renal transplant for ESRD, and among renal transplant recipients, the majority of RCC tumors were identified within the native kidney. Only 24% of patients were identified with a RCC tumor within the transplant kidney. This aligns with published data demonstrating that the majority of RCC tumors in kidney transplant patients are found in native kidneys (22, 23). Interestingly, patients with ESRD are at higher risk for development of RCC and those on dialysis have a reported three-fold increased risk of RCC compared with non-dialysis-dependent patients (24). The etiology of this increased risk is not well understood, though there are several proposed mechanisms, including uremia-induced chronic inflammation, immunosuppression, oxidative stress, and shared disease processes driving both RCC and ESRD (25). It is unclear if immunosuppression itself or the associated underlying ESRD is the main causative factor leading to the initial development of RCC. In a study of over 200,000 kidney transplant candidates and recipients, the incidences of Kaposi sarcoma and lymphomas were increased during periods of improved renal function corresponding to post-transplant status, while the incidence of RCC increased during periods of reduced renal function, suggesting RCC development in this population may be driven by the physiologic changes associated with ESRD rather than the reduced immune surveillance associated with immunosuppression (26).

Similar to previous work, we found that a greater proportion of immunosuppressed patients had papillary histology (23, 27). Papillary histology appears to be enriched in this patient population, with different studies identifying between 20% and 60% of tumors as papillary (22, 23, 28–30). Similarly, 32% (24 out of 74) patients in our study had papillary histology RCC tumors. Most published series estimate the prevalence of papillary RCC in the non-immunosuppressed patient population to be 5%–10% (13). The mechanisms driving the increased prevalence of papillary RCC in this patient population are unknown but may be related to shared mechanisms driving ESRD, chronic inflammation, and oxidative stress (24). Additionally, acquired cystic kidney disease (ACKD) is a manifestation of ESRD and may result in papillary RCC with tumors being small, multifocal and possessing a papillary structure (31).

Both surgery and ablation appear safe, with few peri-procedural complications, despite a significantly comorbid population. We found no significant difference in the number of intraoperative complications or postoperative transfusion rates between the surgical and ablative treatment groups. We did not find that there was a significant difference in pre- and post-treatment renal function in patients treated using surgery or ablation. Similarly, in a multicenter study of transplant centers in France, the treatment of small renal masses using ablation or partial nephrectomy did not lead to a significant change in renal function, and no patient returned to dialysis following treatment (32). In a systematic review of thermal ablation for small renal masses in renal allografts, ablation was found to have low complication rates (< 10%) and induce no change in renal function (33). Most renal allograft ablation cases reported in the literature have used radiofrequency ablation. Our series represents the largest published renal allograft ablation experience with microwave ablation, showing it to be safe and comparable to radiofrequency ablation. Experience of the ablation team is important when endeavoring to perform renal allograft ablations. It is critical to understand the differences in renal perfusion, as transplant kidneys frequently have a reduced blood supply and smaller heat sink effect than normal kidneys. We advise that shorter-duration ablations are performed and that precautions to avoid collecting system injuries are taken, as these are less likely to heal or may result in strictures given the reduced blood supply and need for chronic immunosuppression. For patients with more centrally located tumors or tumors near the ureter, we cryoablation could also be considered.

Some limitations should be considered in the interpretation of our results. This was a retrospective study using data from experience at a high-volume renal cell carcinoma and organ transplant center. Thus, our patient population and results may not reflect those seen at other centers. While this is the largest series reported currently reported, only 74 patients were identified over a 12-year period, reflecting the rarity of patients with cT1 RCC and concomitant immunosuppression. Due to the retrospective nature of this study, we are unable to control differences in imaging surveillance schedules and follow-up protocols over time, which may have influenced the outcomes. Additionally, this study was designed as a purely observational study of patient outcomes and did not include a control cohort of non-immunosuppressed patients; thus, the study population was compared with previously reported series, which may contain populations with inherently different baseline characteristics.




5 Conclusion

Patients with stage one RCC who are medically immunosuppressed can be safely managed using surgery, ablation, or active surveillance. While the optimal management of T1 RCC in immunosuppressed patients remains unknown, our results demonstrate that all conventional treatment modalities appear safe with satisfactory oncologic outcomes, and may serve as a starting point for the development of specific clinical guidelines for the management of RCC among immunosuppressed patients.
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Intervention outcomes Deferred

surgery
n=1

Deferred
ablation
n=6

Median estimated blood loss, 150
mL (IQR)

Nephrectomy type, n (%)
Radical 1
Postoperative transfusion, n (%) 0

Postoperative embolization, n (%)

Intraoperative complication, 7 (%) 0
Length of hospitalization, days 4
30-day readmission, n (%) 0
90-day complication, n (%) 1

Infectious complication 1

Clavien grade, n (%)

I-1I 1
1-v 0
90-day mortality, n (%) 0
Median preoperative creatinine level, 0.6

mg/dL (IQR)

Median postoperative creatinine 0.78
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Immunosuppression indication Surgery, n 53 Active surveillance, n
Kidney transplant 35 (47) 18 (62) 13 (39) 4(33)
Liver transplant 6(8) 2(7) 309 1(8)
Bone marrow transplant 4(5) 1(3) 2(6) 1(8)
Kidney and liver transplant 3(4) 2(7) 1(3) 0
Kidney and pancreas transplant 6(8) 3 (10) 0 3 (25)
Lung transplant 4(5) 1(3) 2(6) 1(8)
Heart transplant 2(3) 2(7) 0 0
Lung and kidney transplant 1(1) 0 1(3) 0
Rheumatologic disorder, chronic steroids 12 (16) 0 10 (30) 2(17)
Inflammatory bowel disease, chronic steroids 1(1) 0 1(3) 0
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Intervention outcomes

Surgery
n=29

Ablation
n =33

Median estimated blood loss, 100 -
mL (IQR) (50-150)
Nephrectomy type, n (%)

Radical 25 (86) -

Partial 4 (14) -
Ablation type, n (%)

Microwave - 28 (85)

Cryoablation - 5(15)
Intraoperative complication, n (%) 0 1(3) 0.056
Postoperative transfusion, n (%) 4 (14) 3(9) 0.7
Postoperative embolization, n (%) 0 2 (6) 0.5
Length of hospitalization, days 3(2-5) 1(1-1) <0.001
Median preoperative creatinine 1.5 (0.99 1.2 (0.93 0.08
level, mg/dL (IQR) to 2.06) to 1.67)
Median postoperative creatinine 1.73 (1.3 1.17 (0.86 0.006
level, mg/dL (IQR) t0 2.2) to 1.71)
Median change in creatinine level, 0.1 (-0.97 0.1 (-0.11 0.2
mg/dL (IQR) to 0.36) to 0.18)

IQR, interquartile range.
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Clinical and Surgery  Ablation Active p-value p-value p-value

pathological n=29 n =33 surveillance (surgery (surgery (ablation
variables n=12 vs ablation) vs AS) vs AS)
Median age, years (IQR) 51 (41 64 (56 63 (56 to 69) 0.002 0.02 09
to 63) to 68)
Gender, n (%) 0.8 03 05
Male 18 (62) 22 (67) 10 (83)
Female 11(38) 11 (33) 2(17)
Race, n (%) 0.4 1 0.5
White 22 (76) 29 (88) 9 (75)
Black 5(17) 2(6) 2(17)
Other 2(7) 2(6) 1(8)
ECOG, n (%) 1 04 038
0 23 (79) 26 (79) 9 (75)
1 6 (21) 6(18) 2(17)
>2 0 13) 1(8)
CCL 1 (%) 0.007 0.003 03
0-3 23 (79) 14 (42) 3(25)
4-6 4(14) 15 (46) 5 (42)
>7 2(7) 4(12) 4(33)
Median BMI, kg/m? (IQR) 284 29.8 [ 265 0.054 03 1 002
(231 (277 (198 to 32.2)
to 334) to 36.8)
Grade, n (%) » 0.01 0.04 02
1-2 19 (65) 25 (76) 12 (100)
3-4 8 (28) 103) 0
Not graded 2(7) 7 (21) 0
RCC subtype, n (%) 0.6 0.3 0.5
Clear cell 15 (52) 19 (58) 7 (58)
Papillary 8 (28) 11 (33) 5 (42)
Chromophobe 2(7) 309 0
RCC unclassified 3 (10) 0 0
Clear cell papillary 1(3) 0 0
cTstage, n (%) » 0.001 » 1 » 0.02
cTla 21 (72) s (100) 9 (75)
cT1b 8(28) 0 3(25)
Median max radiographic tumor diameter, 315 23 3.05 0.06 08 008
em (IQR) (185t05.1)  (191t029) (235 to 4.7)
Median pathologic size, cm (IQR) L, (16 - =
to 43)
RCC in transplanted kidney, n (%) 1(4) 6 (40) 4(57) 0.01 0.006 07

IQR, Interquartile Range; ECOG, Eastern Cooperative Oncology Group Performance Status; CCI, Charlson Comorbidity Index; BMI, Body Mass Index; RCC, Renal Cell Carcinoma. *Rates of
RCC in transplanted kidney are compared to those who had kidney transplants.
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Survival analysis

Surgery Ablation
n=29 n =33

Active
surveillance
ni=e12

Median follow-up,
months (IQR)

Local recurrence, n (%)

Progression to metastatic
disease, n (%)

Site of metastasis
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54 (37-74) 41 (21-79)
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lymph nodes
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Intervention outcomes = Surgery  Ablation

n=29 n=33

30-day readmission, n (%) 5(17) 3(9) 0.7
Fluid overload 1(3) 0
Myocardial Infarction 1(3.5) 0
Bowel injury 2(7) 0
Upper respiratory infection 1(3.5) 0
Urinary tract infection | 0 1(3)
Acute kidney injury 0 1(3)
Renal hemorrhage 0 1(3)
90-day complication, n (%) 4 (14) 8 (24) 0.4
Infectious complication 2(7) 4 (12)
Bleeding leading to transfusion 1(3) 309
Transplant allograft rejection 1(3) 0
Acute kidney injury 0 1(3)
Clavien grade, n (%) 0.2
0 I-11 I 3 (10) 8 (24)
11-v 1(3) 0

90-day mortality, n (%) 0 0 1





