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Background/Objectives: The COVID-19 pandemic influenced cancer care 
worldwide, delaying diagnosis and treatment. We compared waiting times 
— time to initial diagnostic imaging, time to treatment, time to 
histopathological diagnosis, and length of hospital stay — of kidney cancer 
patients between pre-COVID-19 and COVID-19 periods at a large regional 
Hungarian clinical center. We also aimed to identify factors predicting 
prolonged waiting times.
Methods: Data from 400 adult kidney cancer patients (all histologically renal cell 
carcinoma) at the University of Pécs Urology Clinic were analyzed retrospectively, 
for two periods (1 January 2019–15 March 2020, pre-pandemic; 16 March 
2020–13 May 2021, pandemic). Demographic and clinical characteristics were 
collected, and time intervals calculated from electronic health records, followed 
by statistical analyses.
Results: Median time from symptom onset to initial diagnostic imaging increased 
significantly from 7.5 to 34 days during the pandemic (p = 0.026), while time to 
treatment (p = 0.492), time to histopathological diagnosis (p = 0.575), and length 
of hospital stay (p = 0.319) remained stable. Median healthcare-related waiting 
times (time to treatment and time to histopathological diagnosis) were 
comparatively long (range: 95.5–111 days). Advanced-stage disease (III–IV) was 
protective for prolonged time to initial diagnostic imaging (OR 0.205, 95% CI 
0.074–0.568) pre-pandemic and for prolonged time to histopathological 
diagnosis (OR 0.496, 95% CI 0.254–0.971) during the pandemic. No other 
demographic or clinical factors influenced waiting times significantly.
Conclusion: The pandemic prolonged the interval from symptom onset to initial 
diagnostic testing, likely due to fear-driven healthcare avoidance by patients, but 
did not affect healthcare-related waiting times. Advanced-stage disease predicted 
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shorter waiting times, with variable influence across periods. Our findings highlight 
the need for patient education and careful prioritization of care, with waiting times 
exceeding those reported in other international settings.
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time, time to treatment, time to diagnosis

Introduction

The COVID-19 pandemic affected cancer care worldwide, 
including kidney cancer (KC) management, with studies 
reporting delays in both diagnosis and treatment [1–4]. These 
delays have been linked to changes in stage at diagnosis, 
prolonged waiting times, and poorer cancer-specific survival 
[1–3, 5, 6]. In Hungary, lockdown measures and the 
prioritization of COVID-19 patients similarly disrupted cancer 
services [7, 8].

Kidney cancer ranks as the third most common urological 
malignancy worldwide and renal cell carcinoma (RCC), which 
accounts for approximately 90% of kidney tumors, represents the 
main histological subtype [9]. KC shows marked gender differences, 
ranking as the fourteenth most frequent cancer in women and the 
ninth in men [9–11].The disease is often detected incidentally, with 
up to 85% of localized renal masses discovered during imaging for 
unrelated conditions [12]. Less than a third of RCC cases present 
with clinical symptoms, as small tumors are often asymptomatic 
[13]. Mortality from KC has paradoxically increased in certain 
European countries despite improvements in the disease’s 
management in recent decades [14]. Timely diagnosis is crucial, 
as prognosis depends on stage at presentation, with overall survival 
declining from 90% for localized disease to around 12% for patients 
with distant metastases [11, 15–17].

Delays in establishing a kidney cancer diagnosis and 
ultimately treatment arise from both patient- and healthcare- 
related factors. Patients may be asymptomatic or may overlook 
symptoms, contributing to patient-related delays [18]. 
Additional barriers may stem from healthcare-related delays 
— for example, limited diagnostic capacity, workforce 
shortages, long waiting lists for imaging or specialist services, 
and under-resourced hospitals- which ultimately influence 
clinical outcome [17, 19].

As a result of the pandemic both patients’ healthcare-seeking 
behavior and the organization of cancer care were affected [5, 20, 
21]. Many people postponed cancer screening tests and delayed 
routine medical appointments due to fear of infection and limited 
access to services [21, 22]. During the pandemic, studies reported 
increased surgical wait times and higher rates of advanced or 
metastatic RCC. Janes et al. reported an increase in surgical wait 
times from 44.5 days pre-pandemic to 56.8 days during the 
pandemic (p = 0.003) [6]. A study in India reported a mean 

surgical delay of approximately 15 days for RCC patients 
attributed to COVID-19-related procedural changes, which 
prolonged overall treatment duration and increased costs [1]. A 
significant increase in metastatic RCC cases (13.1% vs. 6.1%, p = 
0.01) and longer waiting times between imaging and surgery (35 vs. 
30 days, p = 0.01) was reported in Turkey during this period [23].

There is limited data from the Central and Eastern European 
region on the effect of the pandemic on kidney cancer waiting times 
and the possible influencing factors of waiting times compared to 
Western countries [8]. In a recent study we reported changes in 
kidney cancer detection patterns and clinical characteristics during 
the pandemic [8], however to our knowledge, no studies have 
examined waiting times in this region.

Therefore, the aim of our study was to assess and compare the 
waiting times to initial diagnostic testing, initiation of treatment, 
and histopathological diagnosis as well as length of hospital stay 
among individuals diagnosed with KC during the pre-pandemic and 
pandemic periods. Furthermore, we aimed to identify potential 
predictors of prolonged waiting times across the two study intervals.

Methods

Setting

Ethical approval for this study was provided by the Regional 
Ethical Committee of the University of Pécs (Reference No. 
9389 – PTE 2022) prior to the initiation of data collection and analysis.

The study was carried out at the Urology Clinic of the University of 
Pécs Clinical Center (UC), located in Pécs, Hungary. The UC serves as 
a principal referral center for urologic oncology across Baranya County 
and adjacent Transdanubian regions. Conducting approximately 
4,000 surgeries each year, the clinic has established recognized 
expertise in nephron-sparing approaches for renal cancer.

Study design and patient inclusion criteria

This investigation followed an observational, retrospective 
design. Eligible participants included adult patients (≥18 years) 
who were treated at the UC between 1 January 2019, and 
13 May 2021, and had a histologically verified diagnosis of renal 
cell carcinoma, recorded with the ICD-10 code C64. Exclusion 
criteria included individuals with any malignant neoplasm 
diagnosed within the preceding 5 years of the study or those 
with secondary tumors.

The study timeframe was stratified into two distinct phases 
corresponding to the national pandemic timeline, defined according 
to directives from the Hungarian National Directorate General for 
Hospitals, reflecting changes in healthcare service provision during 
the pandemic.

Abbreviations: CCI, Charlson Comorbidity Index; CEUS, Contrast Enhanced 
Ultrasound; EU, European Union; KC, Kidney Cancer; RCC, Renal Cell 
Carcinoma; UK, United Kingdom; UC, University of Pécs Clinical Center 
Urology Clinic; US, Ultrasound; TDI, Time to Diagnostic Imaging; TTI, Time 
to Treatment Interval; THI, Time to Histopathological Diagnosis; LOH, Length 
of Hospitalization.
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TABLE 1 Baseline characteristics of KC patients (N = 400) attending the UC before and during the COVID-19 period [8]. A) Demographic characteristics B) Clinical characteristics C) Symptom presence and management.

A) Before COVID-19 During COVID-19 Chi-square Test’s p value

n % n %

Sex 0.023

Male 

Female 

Total

139 68.1 112 57.1

65 31.9 84 42.9

204 100.0 196 100.0

Age 0.307

0–49 

50–59 

60–69 

≥ 70 

Total

30 14.7 27 13.8

54 26.5 57 29.1

62 30.4 71 36.2

58 28.4 41 20.9

204 100.0 196 100.0

Place of residence 0.087

County seat 

City 

Other location 

Total

54 26.5 54 27.6

60 29.4 75 38.3

90 44.1 67 34.1

204 100.0 196 100.0

Distance from UP UC [km] 0.048

≤ 40 

>0.40 

Total

84 41.2 100 51.0

120 58.8 96 49.0

204 100.0 196 100.0

B) Before COVID-19 During COVID-19 Chi-square Test’s p value

n % n %

Charlson comorbidity index 0.048

≤ 4 

≥ 5 

Total

86 42.2 102 52.0

118 57.8 94 48.0

204 100.0 196 100.0

(Continued)
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TABLE 1 Continued

B) Before COVID-19 During COVID-19 Chi-square Test’s p value

n % n %

Stage 0.632

I 

II 

III 

IV 

Total

151 74.0 135 68.9

9 4.4 12 6.1

32 15.7 38 19.4

12 5.9 11 5.6

204 100.0 196 100.0

Stage 0.417

I – II 

II – III 

Total

160 78.4 147 75.0

44 21.6 49 25.0

204 100.0 196 100.0

C) Before COVID-19 During COVID-19 Chi-square Test’s p value

n % n %

Type of initial imaging test 0.088

US 

CT 

MRI 

CEUS 

Plain chest X-ray 

Total

157 77.0 126 64.4

36 17.6 52 26.5

7 3.4 13 6.6

3 1.5 4 2.0

1 0.5 1 0.5

204 100.0 196 100.0

Presence of symptoms 0.166

Symptomatic 

Asymptomatic 

Total

29 14.2 38 19.4

175 85.8 158 80.6

204 100.0 196 100.0

Radicality of surgery 0.169

(Continued)
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The two study periods were: Pre-COVID-19 period: 1 January 
2019 – 15 March 2020; and COVID-19 period: 16 March 
2020 – 13 May 2021.

Data collection and variables

Data extraction was performed from the electronic health 
records of the University of Pécs Clinical Center. Automated 
database screening identified all patients fulfilling the inclusion 
criteria, yielding a cohort of 400 individuals diagnosed with 
kidney cancer during the two study periods.

Demographic data collected included age at presentation, sex, 
and residential location. Manual chart review supplemented this 
with variables such as distance from the patient’s residence to the 
UC (calculated via Google Maps using the shortest driving route), 
comorbidities, initial symptoms, tumor stage, and mode of cancer 
detection (symptomatic vs. asymptomatic).

Comorbidities were recorded following the Charlson 
Comorbidity Index (CCI) framework and categorized into two 
risk groups: low/moderate (0–4 points) and high (≥5 points), 
reflecting predicted 10-year survival. Asymptomatic cases were 
defined as patients whose renal cancer was incidentally 
discovered during imaging (ultrasound, CT, MRI, or X-ray) 
conducted for unrelated medical conditions. Symptomatic cases 
were those presenting with clinical manifestations (including 
haematuria, flank/abdominal pain, weight loss/sweating, cough/ 
mass) attributable to kidney cancer. Diagnostic codes and 
comorbidities were classified using the ICD-10 system to ensure 
standardized reporting.

Definition of dedicated dates and 
investigated time intervals

The date of symptom onset was determined according to the 
patient’s subjective opinion of when their symptoms started as stated 
in their medical records.

The date of initial diagnostic imaging was the date the patient 
first underwent diagnostic imaging raising clinical suspicion of KC.

The date of initial treatment was defined as the date the patient 
started therapy. In almost all cases this meant the day of surgery; in 
six pre-pandemic and eight pandemic cases, this referred to other 
oncologic treatments (Table 1C).

The date of histopathological diagnosis was the date the cancer 
of the kidney (renal cell carcinoma) was histologically confirmed.

The investigated intervals were defined as follows:
Time to Diagnostic Imaging (TDI): number of days from symptom 

onset to initial diagnostic imaging (symptomatic patients only).
Time to Treatment Interval (TTI): number of days from initial 

diagnostic imaging to initiation of therapy (all patients).
Time to Histopathological Diagnosis (THI): number of days 

from initial diagnostic imaging to histopathological confirmation 
(all patients).

Length of Hospitalization (LOH): number of days from the start 
of therapy (most often surgery) to discharge.

It should be noted that in KC, since initial therapy almost 
invariably preceded histopathological confirmation, waiting times 
to histopathological diagnosis were generally longer than those to 
initial therapy.T
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Figure 1 shows the investigated time intervals (Figure 1).
The primary outcomes of this study were to determine and 

compare waiting times among individuals diagnosed with KC in the 
pre-pandemic and pandemic periods. The secondary outcomes 
involved identifying potential predictors of prolonged waiting 
times across the two study intervals.

The potential predictive factors of waiting times examined are 
presented in Table 1A,B [8].

The baseline characteristics of the patient cohort have been 
described previously [8] and are summarized in Table 1A–C. Briefly, 
during the pandemic period, a higher proportion of female patients 
was observed, whereas the proportions of patients with a high 
Charlson Comorbidity Index (CCI) and those residing farther 
from the Clinical Center were lower. No significant differences 
between periods were reported for age distribution, residence 
type, initial imaging modality, cancer stage (early vs. advanced), 
or surgical approach [8] (Tables 1A–C).

Data analysis

To address the study objectives, descriptive and inferential 
statistical analyses were performed. Frequency tables were utilized 
to characterize the demographic, clinical and treatment profiles of 
the patients. To examine the stochastic nature of the relationships 
between the analyzed data, we used the chi-square test, with p ≤ 0.05. 
For the analysis of the median values of the waiting times we 
employed the Mann-Whitney test. Logistic regression analysis 
was carried out to analyze the impact of demographic and 
clinical factors on the waiting times. For statistical analysis, all 
waiting-time intervals were categorized into two groups—greater 
than the median and median or less. Statistical analyses were 
conducted using Jamovi 2.6.26.

Results

Comparison of waiting times (TDI, TTI, THI) 
and LOH of KC patients between the two 
study periods

We analyzed the waiting times (TDI, TTI, THI) and LOH of KC 
patients between the pre-pandemic and pandemic periods. Table 2

presents the median values of waiting times (TDI, THI, TTI). and 
LOH (Table 2).

The median time from the onset of symptoms to initial 
diagnostic imaging (TDI) increased significantly, from 7.5 to 
34 days during the pandemic (p = 0.026).

The median time from initial diagnostic imaging to treatment 
(TTI) and from initial diagnostic imaging to histopathological 
diagnosis (THI) among KC patients did not change significantly 
during the pandemic, although both were slightly shorter during the 
pandemic (TTI: 101 vs. 95.5 days, p = 0.492; THI: 111 vs. 105 days, 
p = 0.575).

The median length of hospital stays (LOH) showed no 
significant difference either, remaining at 4 days in both study 
periods (p = 0.319).

Figure 2 illustrates the distribution of waiting times. A higher 
proportion of patients during the pandemic experienced 
TDI >60 days, whereas TTI and THI distributions were similar 
in the two periods (Figures 2A–C).

Comparison of the effect of patient 
characteristics on waiting times (TDI, TTI, 
THI) and LOH

When comparing demographic (sex, age, residence type, 
distance from clinical center) and clinical (CCI score and stage) 
factors across the two study periods, only cancer stage showed a 
statistically significant association with waiting times, while no 
relationship was observed with LOH.

In the pre-pandemic period, a significantly larger proportion of 
advanced-stage patients (stage III–IV) had a TDI ≤ median (20.5%) 
compared with early-stage patients (5%) (p = 0.001). This 
association was not statistically significant during the COVID-19 
period (6.1% early-stage vs. 14.3% advanced-stage; p = 
0.071) (Figure 3A).

During the pandemic, a significantly larger proportion of 
advanced-stage patients (65.3%) had a THI ≤ median 
compared with early-stage patients (48.3%) (p = 0.039), 
however the association was not statistically significant for 
the pre-pandemic period (45% vs. 56.8%, p = 
0.164) (Figure 3B).

No statistically significant differences were observed between 
early- and advanced-stage disease for TTI ≤ median in either period 

FIGURE 1 
Investigated waiting times (TDI, TTI, THI) and LOH of KC patients in the study.
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(pre-pandemic p = 0.143; pandemic p = 0.186) 
(Supplementary Table S1).

No statistically significant associations were observed between 
other demographic and clinical factors investigated (gender, age, 
distance from the Clinical Center, Charlson Comorbidity Index 
(CCI) score) and any of the examined time intervals (TDI, TTI, THI 
and LOH) as shown in Supplementary Table S1 (Figures 3A,B).

Advanced cancer as a predictive factor for 
waiting times before and during the COVID- 
19 pandemic

Logistic regression analysis demonstrated that advanced tumor 
stage independently predicted the length of certain waiting times.

Pre-pandemic, patients with advanced-stage disease had 
significantly lower odds of experiencing longer-than-median TDI 
(OR = 0.205; 95% CI: 0.074–0.568), whereas this association was not 
present during the pandemic (Table 3).

During the pandemic, advanced-stage disease was likewise 
associated with statistically significantly lower odds of 
experiencing longer-than-median THI (OR = 0.496; 95% CI: 
0.254–0.971), a pattern not observed in the pre-pandemic 
period (Table 3).

Tumor stage was not a predictive factor for TTI or LOH in 
either period.

Discussion

This study is among the few from the region to investigate 
kidney cancer waiting times and analyze the impact of the COVID- 
19 pandemic. We found that while median time to initial diagnostic 
testing (TDI) among symptomatic patients increased during the 
pandemic, time to treatment (TTI) and time to histopathological 
diagnosis (THI) remained stable. Advanced-stage disease was 
identified as a protective predictor against prolonged TDI in the 
pre-pandemic period and against prolonged THI during 
the pandemic.

Delays in care can be categorized as patient-related or 
healthcare-related. Patient-related delays—i.e., the interval until 
consulting a physician—often stem from personal decision- 
making barriers, or limited healthcare accessibility (e.g., 
appointment availability and diagnostic capacity) [24]. These 

factors make them a major contributor to overall diagnostic 
delay [24]. Survey data from an NCI-designated cancer center 
showed that during the COVID-19 pandemic delays in cancer- 
related care and preventive screening were common, particularly 
among patients with limited health literacy [21]. Furthermore, many 
patients postponed routine medical visits and cancer screening due 
to fear of infection and pandemic-related restrictions [20]. Our 
finding that TDI among symptomatic patients increased by 26 days 
during the pandemic suggests that similar phenomena may have 
taken place in the studied cohort.

The pandemic led to a sharp reduction in routine health 
checks and imaging, resulting in fewer incidentally detected 
small renal masses and a relative rise in symptomatic and 
advanced-stage presentations [2, 23]. Across Europe, North 
America, and Asia, this “stage migration” was consistently 
observed [1, 2]. More RCC patients presented with T3 or 
metastatic disease and symptomatic manifestations such as 
hematuria, rather than incidental findings [1, 2, 23]. The 
pandemic also substantially prolonged waiting times globally: a 
Canadian study found mean surgical delays increasing from 
44.5 to 56.8 days (p = 0.003) during the pandemic [6], while 
Keskin et al. (2025) in Turkey reported fewer RCC surgeries, 
longer imaging-to-operation times (30–35 days; p = 0.01), larger 
tumors, and more metastatic cases in this period [25]. In India, a 
mean surgical delay of 15.19 days was reported and attributed to 
preoperative COVID-19 testing and related measures [1]. An 
investigation in Turkey also showed metastatic RCC rates 
nearly doubling (13.1% vs. 6.1%; p = 0.01) and longer imaging- 
to-operation times (35 vs. 30 days; p = 0.01) [23]. However, some 
reports have found no significant changes in time to treatment. 
According to a study in the Netherlands, median time from 
radiological diagnosis to surgical treatment was on average 
48 days prior to the pandemic, and 46 days during the first 
wave of the pandemic [26]. Consistent with these findings, 
median TTI and THI did not change significantly in our 
cohort either. This suggests that the primary pandemic impact 
occurred before healthcare entry, as reflected by prolonged TDI. 
Once patients accessed the system, care pathways were largely 
maintained. It should be noted, however, that approximately 10% 
fewer KC cases were observed during the pandemic, primarily due 
to reduced incidental diagnoses, which may have decreased 
system burden and allowed routine cases to proceed 
without delay [8].

TABLE 2 Median waiting times of patients with KC before and during the COVID-19 period.

Before COVID-19 
Median (Q1–Q3)

During COVID-19 
Median (Q1–Q3)

p value 
Mann-whitney U test

Median time to diagnostic imaging 

_TDI_ [days]

7.5 (1.0–100.0) 34.0 (13.0–152.5) 0.026*

Median time from imaging to treatment 

_TTI_ [days]

101.0 (74.0–142.0) 95.5 (61.0–158.0) 0.492

Median time from imaging to histopathological diagnosis 

_THI_ [days]

111.0 (79.0–153.0) 105.0 (69.0–166.5) 0.575

Median time of hospitalization 

_LOH_ [days]

4.0 (3.0–6.0) 4.0 (4.0–6.0) 0.319
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Median THI and TTI values (ranging between 95.5 and 
111 days) in our study were longer than internationally reported 
values [3, 23, 26]. In Canada, a multicenter cohort study reported a 
median time from initial consultation to nephrectomy of 41 days, 

with stage-specific variation ranging from approximately 30–57 days 
depending on tumor stage [27]. Substantially shorter surgical 
pathways were demonstrated in a study in China, where median 
time from diagnosis to surgery was 16 days [28]. In cohorts from 

FIGURE 2 
The distribution of waiting times TDI (A), TTI (B) and THI (C) of KC patients in the two study periods.
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European and neighboring countries, median waiting times have 
been reported to be slightly longer, ranging between 30 and 
48 days [23, 26].

Several factors may underlie the longer waiting times observed in 
our study. Although Hungarian law mandates CT or MRI within 
14 days of cancer suspicion, scan interpretation can take an additional 
4–10 days due to radiology staffing shortages [29]. Limited oncology 
specialists and surgical capacity outside major centers may also 
contribute to delays [29]. The Healthy Budapest Program for 
example reduced imaging waiting times, but intervals from diagnosis 
to therapy remained prolonged, likely due to referral processing, tumor 
board scheduling, preoperative evaluations, and operating room 
coordination [30]. These bottlenecks can cumulatively extend the 
time from diagnosis to surgery, reflecting systemic access challenges 
in Hungary [30]. Improving KC pathways would be particularly 
important, since waiting times exceeding 3 months have been 

associated with worse outcomes in RCC [17, 19]. In patients with 
T1b–T2a disease, delayed surgery exceeding approximately 90 days has 
been associated with decreased cancer-specific survival (HR 1.28; 95% 
CI 1.03–1.66) [19]. Similarly, in pT3 disease, nephrectomy delays longer 
than 10 weeks from diagnosis have been associated with worse overall 
survival (adjusted HR 1.13; 95% CI 1.04–1.24) [17]. These findings 
suggest that prolonged preoperative waiting times – as observed in our 
study- may be associated with adverse oncologic outcomes, particularly 
in advanced-stage disease.

Few studies have examined the pandemic’s effects on hospital 
length of hospital stay in KC patients. A recent Indian study reported 
a 15-day longer mean hospitalization during COVID-19, attributed 
to clearance protocols such as preoperative testing, chest CTs, and 
increased complication rates [1], while others linked longer stays to 
more advanced disease [23, 31]. In contrast, we found no significant 
difference in median LOH between the study periods. This could 

FIGURE 3 
Factors showing statistically significant associations with TDI and THI waiting times during the pre-pandemic and pandemic periods (A,B).

TABLE 3 Assessment of advanced cancer stage as a predictive factor for longer waiting times (TDI, THI, TTI) and LOH in the study periods before and during the 
COVID-19 pandemic.

Before COVID-19 OR/CI 95% During COVID-19 OR/CI 95%

TDI > median Advanced-stage (III-IV) cancer 0.205 [0.074–0.568] 0.391 [0.137–1.114]

TTI > median Advanced-stage (III-IV) cancer 0.606 [0.039–1.189] 0.642 [0.332–1.241]

THI > median Advanced-stage (III-IV) cancer 0.622 [0.317–1.219] 0.496 [0.254–0.971]

LOH > median Advanced-stage (III-IV) cancer 1.696 [0.863–3.330] 1.057 [0.551–2.025]
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reflect offsetting factors: several studies document shortened 
hospital stays (up to 26%) during the pandemic due to strategies 
minimizing infection risk and preserving bed capacity, including 
expedited discharges and telemonitoring [32, 33]. It is plausible that 
hospital policy adaptations may have counterbalanced potential 
COVID-related delays in our setting.

Patient and tumor characteristics have been increasingly 
recognized as influential factors in the waiting times for diagnosis 
and treatment of patients with KC, particularly during the COVID-19 
pandemic when healthcare resources were redirected [3, 5, 6, 23]. 
Previous studies have demonstrated that patients with advanced (T3 or 
T4) tumors experience markedly shorter waiting times compared to 
those with lower-stage disease [27, 34]. A recent systematic review 
reported that tumor aggressiveness and severity consistently drive 
accelerated care, whereas localized or asymptomatic cancers often 
experience longer diagnostic and waiting intervals [5].

In line with this, we found that advanced-stage disease was a 
protective factor against prolonged TDI, however only in the pre- 
pandemic period but not during the pandemic. This appears to be 
corroborated by international reports suggesting that between 20% 
and 31.4% of individuals avoided healthcare during the pandemic 
due to infection fear, even for potentially urgent symptoms [1, 5, 24, 
35]. The phenomenon indicates the need for patient education, to 
recognize kidney cancer symptoms and seek timely care irrespective 
of external healthcare disruptions.

Advanced-stage disease was also a protective predictor against 
prolonged THI, but only during the pandemic. This aligns with 
findings that healthcare systems triage and prioritize care based on 
clinical urgency and likely reflects prioritization policies adapted to 
pandemic-related resource limitations [6, 23, 31]. In our cohort, this 
translated into the preferential fast-tracking of patients with 
advanced disease—likely associated with more overt symptoms or 
aggressive features—for urgent surgical intervention, thereby 
bypassing bottlenecks affecting earlier-stage cases. In contrast, 
asymptomatic patients with localized masses were more likely to 
experience “non-urgent” deferrals [8]. This pattern of care is in line 
with the European Association of Urology guidance, which put 
emphasis on the prioritization of symptomatic and high-stage renal 
tumors to avoid clinically meaningful delays [36].

Since THI was not influenced by the stage of cancer before the 
pandemic, it implied that once patients entered care, tumor stage had 
limited influence on treatment delay, indicating comparable urgency in 
managing both early and advanced cases thereafter. Another possible 
factor is that more complex surgery for advanced cancer may require 
additional preparation, potentially offsetting any time advantage [31], 
which appears to be supported by our findings that advanced cancer 
was not a protective predictor of prolonged TTI in either study periods. 
Since no studies have yet compared KC waiting times before and 
during the pandemic by cancer stage, further research is required to 
identify underlying reasons and to contextualize our findings.

Limitations

This study has limitations. It was conducted at a single tertiary 
center, potentially limiting generalizability. Generalizability is 
further constrained in the analysis of TDI, as this was restricted 
to the symptomatic patient subgroup, representing only a small 
proportion of the total cohort. Direct comparison with international 

waiting times should be approached cautiously, as patient pathways, 
healthcare organization, and pandemic policies differ between 
countries. Pandemic-related changes in health-seeking behavior 
(delays) and case mode distribution (fewer incidentally detected, 
more symptomatic cases) possibly influenced our findings. 
Additionally, determination of symptom onset relied on patient 
self-report, which is subjective and may introduce recall bias. 
Furthermore, although advanced tumor stage was identified as a 
significant predictor of shorter waiting times, potential interactions 
with other demographic or clinical variables were not assessed and 
warrant further investigation in future studies. Finally, this study 
lacks long-term survival and oncological outcome data, which 
prevents a direct assessment of how the reported waiting times 
impacted actual patient prognosis.

Conclusion

To our knowledge, this study is among the first to assess the 
impact of COVID-19 on kidney cancer waiting times in Central and 
Eastern Europe. Our findings showed that while TTI and THI 
remained stable, TDI increased significantly among symptomatic 
patients during the pandemic, indicating that delays occurred 
primarily before the point of healthcare entry rather than during 
subsequent clinical management. These results highlight the 
importance of patient education and engagement to discourage 
delayed healthcare-seeking, even during periods of system disruption.

Advanced-stage disease was identified as a protective predictor 
against prolonged TDI before the pandemic and against prolonged 
THI during the pandemic. This pattern suggests that patients 
delayed seeking care irrespective of symptom severity during 
COVID-19, whereas advanced cases were appropriately 
prioritized once within the healthcare system.

As a secondary observation, median healthcare-related waiting 
times in our setting were longer than those typically reported 
internationally, suggesting potential regional challenges in 
healthcare access. This underscores systemic differences in care 
pathways and the need for targeted interventions to reduce 
delays. Further research is warranted to clarify the underlying 
causes of these disparities.

Overall, this study provides regionally relevant insights into 
kidney cancer care delivery, with implications for health-system 
optimization and patient-centered strategies during and beyond 
public health crises.
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