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Abstract
Purpose  The COVID-19 pandemic has led to the cancellation or deferment of many elective cancer surgeries. We performed 
a systematic review on the oncological effects of delayed surgery for patients with localised or metastatic renal cell carcinoma 
(RCC) in the targeted therapy (TT) era.
Method  The protocol of this review is registered on PROSPERO(CRD42020190882). A comprehensive literature search 
was performed on Medline, Embase and Cochrane CENTRAL using MeSH terms and keywords for randomised controlled 
trials and observational studies on the topic. Risks of biases were assessed using the Cochrane RoB tool and the Newcastle–
Ottawa Scale. For localised RCC, immediate surgery [including partial nephrectomy (PN) and radical nephrectomy (RN)] 
and delayed surgery [including active surveillance (AS) and delayed intervention (DI)] were compared. For metastatic RCC, 
upfront versus deferred cytoreductive nephrectomy (CN) were compared.
Results  Eleven studies were included for quantitative analysis. Delayed surgery was significantly associated with worse 
cancer-specific survival (HR 1.67, 95% CI 1.23–2.27, p < 0.01) in T1a RCC, but no significant difference was noted for overall 
survival. For localised ≥ T1b RCC, there were insufficient data for meta-analysis and the results from the individual reports 
were contradictory. For metastatic RCC, upfront TT followed by deferred CN was associated with better overall survival 
when compared to upfront CN followed by deferred TT (HR 0.61, 95% CI 0.43–0.86, p < 0.001).
Conclusion  Noting potential selection bias, there is insufficient evidence to support the notion that delayed surgery is safe 
in localised RCC. For metastatic RCC, upfront TT followed by deferred CN should be considered.
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Abbreviations
RCC​	� Renal cell carcinoma
mRCC​	� Metastatic RCC​
PN	� Partial nephrectomy
AS	� Active surveillance
DI	� Delayed intervention
CN	� Cytoreductive nephrectomy
OS	� Overall survival
PFS	� Progression-free survival
CSS	� Cancer-specific survival
RFS	� Recurrence-free survival

HR	� Hazard ratio
95% CI	� 95% Confidence interval
SEER	� Surveillance, epidemiology and end results 

program
NCDB	� National cancer database
SWT	� Surgical waiting time

Introduction

Historically, surgery has been the benchmark for the 
treatment of localised RCC. However, emerging evidence 
has shown comparable outcomes among various modali-
ties such as partial nephrectomy (PN), tumour ablation 
and active surveillance (AS) for small renal masses [1, 
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2]. In the metastatic RCC (mRCC) setting, data from 
CARMENA and SURTIME has questioned the role of 
cytoreductive nephrectomy with the exception of selected 
patients with low-risk oligometastatic disease [3, 4].

The delivery of urological services around the world 
has been severely disrupted during the COVID-19 pan-
demic [5, 6]. While there has been considerable focus in 
the prevention and management of COVID-19 in both 
medical professionals and patients [7], the potential harm 
of delayed surgery for patients with RCC should not be 
under-estimated. Therefore, in this study, we systemati-
cally reviewed the literature and performed a meta-analy-
sis to quantify the risk of delayed surgery in patients with 
localised RCC, and mRCC in the targeted therapy (TT) 
era. These results will provide valuable insight on how we 
should manage RCC during this difficult time period of 
COVID-19 and any further waves of infections.

Methods and materials

We performed a systematic review to investigate the 
effects of delayed surgery for patients with localised RCC 
and mRCC in the TT era. This review was performed 
according to the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) statement [8] and 
the Meta-analyses Of Observational Studies in Epidemiol-
ogy (MOOSE) guidelines [9]. This systematic review was 
written a priori on PROSPERO (International prospective 
register of systematic reviews) with the registration num-
ber CRD42020190882.

Literature search

A comprehensive literature search was performed using 
a combination of keywords (Medical Subject Headings 
(MeSH) and free text words) including “Renal Cell Car-
cinoma”, “Partial Nephrectomy”, “Radical Nephrectomy”, 
“Cytoreductive Nephrectomy”, “Delay”, “Postpone” and 
“active surveillance”; special features such as explosion 
were also utilised in the search to retrieve all records 
indexed to any narrower MeSH terms. The last search 
was performed on the 8th Jul 2020 on OVID MEDLINE, 
EMBASE and Cochrane Central Controlled Register of 
Trials (CENTRAL) by an experienced Cochrane author. 
No date limit was imposed on the search, while only arti-
cles written in English, or those containing an English 
abstract, were included. The search strategy is presented in 
Online Appendix 1. Additional articles were sought from 
the reference lists of the included articles.

Selection criteria

Patients with both localised and mRCC were included in this 
systematic review. For localised RCC, the immediate sur-
gery group included patients who underwent PN or radical 
nephrectomy (RN), and the delayed surgery group included 
patients who underwent AS and delayed intervention (DI). 
AS was defined as the non-receipt of any surgical treatment 
undergoing active follow-up, while DI was defined as any 
deferred surgical treatment when compared to standard prac-
tice over the period of 3 months. Owing to clinical uncer-
tainty and limited studies available to establish the standard 
use of ablation therapies [10], studies solely investigating 
these treatments were excluded from our analysis; however, 
there was no restriction to the type of surgical approach (i.e., 
open, laparoscopic or robotic) received by the RCC patients. 
For mRCC, only patients who received TT were included, 
and we compared patients who underwent upfront cytore-
ductive nephrectomy (CN) followed by TT, with those who 
received upfront TT and deferred CN. All observational 
comparative studies were included in this review. Confer-
ence abstracts, letters, editorials and single-arm studies were 
excluded. Finally, only studies reporting survival outcomes 
were included.

Screening and data extraction

All records identified in the literature search were ini-
tially screened by title and abstract by three independent 
and blinded reviewers (V.W.S.C, W.L.K.O, P.K.F.C), and 
conflicts were solved by senior author (J.Y.C.T). Full texts 
were then retrieved for further independent screening by two 
authors (V.W.S.C and W.L.K.O) against the selection crite-
ria. The authors then independently performed data extrac-
tion and risk of bias assessment using a piloted, standard-
ised form for data entry. Baseline characteristics, potential 
confounders, descriptions of intervention and control, and 
desired outcomes were collected.

Data synthesis and statistical analysis

The primary outcome of our study is the effects of delayed 
surgery on survival outcomes for RCC patients when com-
pared to immediate surgical intervention. Survival outcomes 
included overall survival (OS), progression-free survival 
(PFS), cancer-specific survival (CSS) and recurrence-free 
survival (RFS) measured from the time of diagnosis or treat-
ment. Survival was measured by hazard ratio (HR) and 95% 
confidence interval (95% CI) derived from Cox proportional 
hazards model. In studies where only the Kaplan–Meier 
survival plots were reported, the HR was extracted using 
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Engauge Digitizer Software and Stata 16. Meta-analyses 
were only performed when there were three or more stud-
ies reporting the same outcome. Where multiple studies 
reported results from large prospectively maintained cancer 
databases such as the Surveillance, Epidemiology and End 
Results Program (SEER) and National Cancer Database 
(NCDB), the largest cohort for each outcome was used. 
Effects from individual eligible studies were pooled and 
analysed using Stata 16 (StataCorp LLC) and reported as 
HR, 95% CI, weightings and forest plots; the random effects 
model and the restricted maximum-likelihood approach 
was used. Substantial heterogeneity was defined as an I2 
value > 50% or a Chi-square p value < 0.10. Where substan-
tial heterogeneity was predicted or confirmed upon primary 
analyses, sensitivity analyses were performed. Sensitivity 
analyses were performed by subgroup analyses between dif-
ferent surgical approaches; and subgroup differences were 
defined as a Chi-square p value < 0.10. Sensitivity analyses 
were also performed on outcomes incorporating retrospec-
tive studies from SEER and NCDB as a result of poten-
tial heterogeneity in selection criteria and management of 
small renal masses. The Newcastle–Ottawa Scale was used 
to assess the risk of bias in non-randomised observational 
study; and the Cochrane Risk of bias 1.0 tool was used to 
assess the risk of bias in RCTs.

Results

The PRISMA flow diagram is shown in Supplementary 
Fig. 1A total of 3226 records were retrieved upon literature 
search. Six additional studies were identified through refer-
ence lists of the included articles. After 1186 duplicates were 
removed, 2046 records were screened by abstract and title. A 
total of 111 records were excluded upon full text screening, 
and the reasons are provided in Online Appendix 1. Twenty-
four studies were included for qualitative synthesis. SEER 
studies with the largest patient cohort for each outcome were 
selected, hence four eligible studies were excluded for meta-
analysis [11–14]. Finally, a total of 11 studies were included 
for meta-analysis. The risk of bias (RoB) assessments of 
these studies is shown in the Online Appendix 1.

Immediate versus delayed surgery in localised RCC 
patients

Patients with T1a disease

Six studies compared OS for AS, DI, PN and RN in T1a 
patients. The baseline characteristics and references of 
these studies are reported in Supplementary Table 1. Ini-
tial meta-analysis did not suggest a significantly different 
OS in patients undergoing AS or DI compared to those 

undergoing immediate PN and RN (HR 1.36, 95% CI 
0.99–1.87, p = 0.06; Fig. 1) with substantial heterogeneity 
(I2 = 87.07%, p < 0.001). Hence heterogeneity was explored. 
Upon removal of large studies from the SEER database [15] 
and NCDB [16] which did not have standardised and consist-
ent AS or DI protocols, significant heterogeneity no longer 
existed (I2 = 0.00%, p = 0.38). AS and DI remained indif-
ferent to PN and RN for OS (HR: 1.08, 95% CI 0.83–1.40, 
p = 0.58; Supplementary Fig. 1) with no subgroup differ-
ences (p = 0.71 and 0.54).

A total of two studies reported CSS after AS or DI. Incor-
porating 14,168 patients, delayed surgery was associated 
with worse CSS in T1a patients when compared to imme-
diate nephrectomy (HR 1.67, 95% CI 1.23–2.27, p < 0.01; 
Supplementary Fig. 2) [15, 17]. Although substantial het-
erogeneity within studies investigating AS was noted, more 
robust subgroup analysis was not possible due to limited 
number of studies. For DI, in a cohort of 292 patients, 32 
patients underwent delayed surgery with a mean observation 
period of 26.2 months (range: 6.5–74.8 months). DI was 
associated with significantly worsened CSS (p < 0.001) but 
not worsened OS and RFS [18].

Patients with T1b or above disease

Three studies reported survival outcomes in stage ≥ T1b 
or above disease. Mano et al. showed that longer surgical 
waiting time (SWT) as a continuous variable was signifi-
cantly associated with worse OS, but not CSS (HR 1.17, 
95% CI 1.08–1.27, p < 0.001; HR 0.94, 95% CI 0.80–1.11, 
p = 0.5, respectively) [19]. Shiff et al. categorised waiting 
times into 4–8 weeks, 8–12 weeks and 12–24 weeks, and 
found that OS, RFS and CSS were not significantly wors-
ened when compared to those received treatment within 4 
weeks upon multivariable analysis [20]. For patients who 
had surgery delayed for over 12–24 weeks were, however, at 
risk of worsened RFS (HR 0.50, 95% CI 0.30–0.83, p = 0.01) 
only upon univariate analysis [20]. A recent NCDB study 
by Srivastava et al. have, however, found 1–3 months and 3 
months or more wait to surgery to worsen OS in T1b patients 
when compared to patients undergoing immediate surgery 
during multivariate analysis. (HR 1.13, 95% CI 1.04–1.22, 
p < 0.001; HR 1.55, 95% CI 1.49–1.73, p < 0.001, respec-
tively) [21]. The outcomes of T1 disease in general are 
reported qualitatively in Online Appendix 1.

Patients with T2 or above disease

Three studies investigating the effect of delayed surgery in 
patients with T2 or above disease were found. Kim et al. 
showed that SWT as a continuous variable did not affect RFS 
and CSS in patients undergoing RN [22]. The results did 
not differ when stratified to T2 or T3–4 patients alone [22]. 
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Similarly, on multivariable analysis Srivastava et al. did not 
find a 1–3-month or over 3-month delay to worsen OS when 
compared to immediate intervention in cT2a and cT2b patients 
[21]. In a large Canadian registry study published by Shiff 
et al., also did not find any delay up to 24 weeks to worsen 
RFS, CSS and OS in cT2 tumours; equally, RFS and OS is 
not worsened in cT3/4 patients in a delay up to 24 weeks [20]. 
Outcomes for patients with any stages of localised RCC are 
summarized qualitatively in the supplementary appendix. No 
studies investigating delay surgery in locally advanced RCC 
patients were identified.

Sequencing of cytoreductive nephrectomy 
and targeted therapy in mRCC patients

Three retrospective studies and one RCT investigated the 
sequence of CN and TT for mRCC. The baseline charac-
teristics and references of these studies are reported in Sup-
plementary Table 2. Our meta-analysis concluded a signifi-
cantly improved OS amongst patients receiving upfront TT 
followed by CN when compared to those received upfront 
CN followed by TT (HR 0.61, 95% CI 0.44–0.86, p < 0.001; 
Fig. 2). While substantial heterogeneity (I2 73.0%, p < 0.01) 

Fig. 1   Overall survival in T1a renal cell carcinoma (pre-sensitivity analysis)
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were found, the direction of effect is the same in all study, 
with potential heterogeneity originated from the effects of 
large sample size reported by Hanna et al.

PFS was only reported in one RCT–the SURTIME trial 
[4]. There was no significant difference in PFS amongst 
those who received CN before TT and those received TT 
before CN (HR 0.87, 95% CI 0.56–1.37, p = 0.57) [4].

Discussion

Data regarding the effects of delayed surgical intervention in 
kidney cancer are still limited. Our present study reviewed 
the survival outcomes of active surveillance (AS), delayed 
intervention (DI) and surgical therapy in patients with local-
ised RCC and mRCC in the TT era.

For patients with T1a localised RCC, most studies showed 
comparable survival outcomes of patients managed with AS 
and DI compared to those treated with immediate surger-
ies [23–25]. This is particularly reflected in the carefully 
selected patients with advanced age in AS cohorts. Surgical 
management with PN or RN might be preferred in younger 
patients, regardless of the disease stages. As the difference in 
all-course mortality between the treatment group versus non-
surgical group might be attributed to selection bias, we must 
take both patient and disease characteristics into account 
and make a balance between the potential benefit and harm 
of undergoing surgery. The European Association of Urol-
ogy (EAU) COVID-19 guidelines recommend treatment to 
be deferred for 6 months after diagnosis for asymptomatic 
cT1a patients [26].

To date, there are few studies assessing the effect of 
delayed surgery for ≥ T1b RCC and data is less robust. While 
we found CSS and RFS not to be worsened in patients with 
delayed surgery for ≥ T1b RCC, results are contradicting in 

terms of OS [19, 27]. Worsen OS could be a result of poten-
tial delay due to confounding bias and patient optimisation 
due to multiple comorbidities, hence deaths were unlikely 
to be oncological related. In summary, data on the effects of 
delayed surgery in T1b or above kidney tumours are limited, 
contradictory and prone to selection bias. Delay in surgery 
is potentially harmful in terms of cancer control and early 
surgery should be offered despite the risk of COVID-19. The 
EAU COVID-19 guidelines recommend treatment within 
3 months for asymptomatic cT1b to cT2a patients, while 
more advanced RCCs should be treated within six weeks 
[26], however, the evidence for delayed surgery in locally 
advanced disease is very limited.

In regard to mRCC, the timing of CN and its traditional 
role has been challenged with the advent of latest tyrosine 
kinase inhibitors and immune checkpoint inhibitors [28]. 
The pivotal SURTIME trial provides evidence for delayed 
CN over immediate surgery [4]. Our meta-analysis also 
concluded that there was a significant improvement of OS 
in patients receiving upfront TT followed by CN compared 
to those undergoing upfront CN followed by TT (HR 0.61, 
95%CI 0.44–0.84, p < 0.01). Hence, it is in line with this 
landmark study that systemic treatment should be given 
upfront for mRCC before consideration of CN [4]. Patient 
selection for CN based on established risk stratification is 
of paramount importance and multimodal treatment remains 
critical for the management of mRCC [29].

In the current climate of COVID-19, prioritisation of 
elective surgery, including urological cancer treatment is 
inevitable and necessary [30–32]. The assessment of risk in 
delaying any procedures must be made considering patient 
safety as well as potential adverse effects on oncological 
outcomes. In this review, we concluded that there is insuf-
ficient data to support the notion that delayed surgery is safe 
in patients with localised RCC. For mRCC patients, it is 

Fig. 2   Overall survival in metastatic renal cell carcinoma (pre-sensitivity analysis)



4300	 World Journal of Urology (2021) 39:4295–4303

1 3

also desirable to initiate TT upfront followed by deferred 
CN. Recognising the lack of data in this area, the COVID-
19 pandemic serves as a good opportunity to understand 
the effects of SWT in RCC patients who would typically 
undergo early surgery [33].

Our study includes review of one RCT, one prospec-
tive non-randomised trial and six retrospective cohorts. 
This study is limited by retrospective cohorts, with small 
population numbers and potential inherent biases. These 
small population does not allow for subgroup analyses of 
different surgical approaches such as open, laparoscopic or 
robotic cases, which may introduce a certain degree of bias. 
Furthermore, case selection and confounding bias may be 
unadjusted in the included studies suggesting unequal risks 
of non-oncological related death. Finally, owing to clini-
cal uncertainties studies solely assessing ablative therapies 
were not included. However, we recognised that they could 
be alternatives to surgical management during the COVID-
19 pandemic as ablative therapies could potentially avoid 
risks associated with general anaesthesia to both the patient 
and healthcare workers, if routinely performed under local 
anaesthetics. Despite these limitations, this study provides a 
valuable synthesis of the current literature and interim guid-
ance regarding the management of RCC in the pandemic 
of COVID-19. The results also highlight the need for high-
quality research in the future.

Conclusion

Delayed surgery was associated with worse CSS but not OS 
in T1a RCC, which could be a result of significant selection 
bias in included studies. Results on T1b or above disease 
and locally advanced disease were limited and contradic-
tory. Despite the risk of COVID-19 infection, early sur-
gery should be considered to optimise the oncological out-
comes in localised RCC. For mRCC, initial TT followed by 
deferred CN was associated with improved OS. Our results 
provide interim guidance regarding the management of RCC 
during the pandemic of COVID-19. More high-quality stud-
ies will be needed in this area.
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