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Introduction: Tyrosine kinase inhibitors (TKIs) are the standard treatment options
for advanced clear cell renal cell carcinoma (ccRCC), but their toxicities can
hinder optimal dosing, affecting clinical outcomes.

Material and methods: A retrospective analysis of 96 patients treated with first-
line line sunitinib at the National Research Institute of Oncology, Branch Krakow,
Poland was conducted to assess the incidence and prevalence of organ toxicities
in ccRCC and their impact on overall survival (OS).

Results: The study included 96 patients. The median number of treatment cycles
was 11 (IQR: 19), and the median duration was 63 weeks (IQR: 95). The most
common toxicities were gastrointestinal (76.0%), fatigue (61.5%), and
cardiovascular (49.0%), with 81.3% of patients experiencing multi-organ
toxicity. Dose delays occurred in 37 patients (38.5%), mainly due to
gastrointestinal (38.5%) and cardiovascular toxicity (21.9%). Dose reductions
were required in 64 patients (66.7%), primarily for gastrointestinal (39.6%) and
cardiovascular (16.7%) complications. Cardiotoxicity (p=0.017) correlated with
improved OS. No OS differences were observed in enterotoxicity, hematologic,
endocrine, dermatologic, or renal toxicity. Patients requiring dose reduction due
to cardiotoxicity (p=0.012), hematologic toxicity (p=0.004) or gastrointestinal
toxicity (p=0.004) had better survival than those without modifications. Patients
requiring dose reduction due to any cause had better OS than those maintaining
the initial dose. The timing or frequency of dose reductions had no
significant impact.
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Conclusions: Cardiotoxicity, gastrointestinal and hematologic toxicities requiring
dose reduction were associated with improved survival, suggesting these
toxicities may reflect treatment efficacy. The findings emphasize the need to
balance toxicity and treatment continuity.

renal cell carcinoma, tyrosine kinase inhibitors, adverse events, survival, sunitynib

1 Introduction

Renal cell carcinoma (RCC) is a global health concern, with
434,419 new cases and 155,702 deaths in 2022. Its incidence is
higher in regions with a high Human Development Index, driven by
obesity, hypertension, and improved diagnostics (1). Clear cell RCC
(ccRCC), comprising 80% of renal tumors, has unique genetic
features (2, 3). While localized cases may be cured by resection,
recurrence and metastasis are common, influenced by clinical and
therapeutic factors (4). Advances in clear cell RCC (ccRCC)
pathogenesis, particularly Von Hippel-Lindau (VHL) gene
dysregulation, have led to vascular endothelial growth factor
receptor (VEGFR) tyrosine kinase inhibitors (TKIs) such as
sunitinib, pazopanib, and cabozantinib, which are treatment
options for advanced ccRCC by targeting VEGF-driven
angiogenesis (5-7). While improving progression-free survival
(PFS) and overall survival (OS) in advanced ccRCC, these agents’
toxicities often limit treatment duration, affect quality of life (QoL),
and require dose adjustments, impacting adherence and survival (6,
8-11). Therefore, understanding the incidence and prevalence of
these toxicities is vital for optimizing treatment strategies and
improving survival in ccRCC patients.

TKIs toxicities can reduce the ability to maintain optimal
dosing, which is critical for maximizing clinical benefits in
patients with advanced ccRCC. Gastrointestinal toxicities,
including diarrhea, nausea, and hepatotoxicity frequently occur
with TKIs (9, 12). Cardiovascular toxicities, notably hypertension
and thromboembolic events, are common with TKIs. Sunitinib can
cause grade >3 hypertension in 15%-49%, with hypertension
proposed as a biomarker of VEGF inhibition efficacy (6, 13, 14).
However, uncontrolled hypertension may necessitate dose
reductions or treatment interruptions, potentially compromising
therapeutic efficacy and overall survival. Furthermore, dermatologic
toxicities, such as hand-foot syndrome, are common in patients
receiving VEGFR-TKIs. Some data suggest that patients treated
with sunitinib who develop skin toxicity may experience longer
survival (15). Though rarely life-threatening, adverse events (AEs)
impair QoL and may require treatment changes affecting disease
control. Studies suggest toxicities like hypertension, neutropenia,
hypothyroidism, and skin reactions may indicate effective VEGF
pathway inhibition and better responses (13-17). Managing
toxicities to ensure continuous treatment without compromising
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quality of life remains a key clinical challenge (6). Ultimately, the
management of toxicities associated with VEGFR-TKIs in ¢ccRCC is
a balancing act that requires careful monitoring and proactive
intervention. The increasing number of new cancer patients is
being fueled by an aging population and advancements in
diagnostic techniques. Innovative treatments have the potential to
enhance patient outcomes, including lowering mortality rates
among working-age individuals, which can help mitigate
productivity losses (18).

The aim of the study is to evaluate type and prevalence of
sunitynib toxicity during first-line therapy of clear cell renal cancer
patients. Additionally we assessed the impact of toxicity on the
treatment effect.

2 Materials and methods
2.1 Study cohort and data collection

A retrospective analysis included 96 patients treated with
sunitinib at the Clinical Oncology Department of the Maria
Sktodowska-Curie National Research Institute of Oncology, Branch
in Krakoéw, from January 2019 to June 2022, due to advanced RCC in
a clinical practice setting. Before starting treatment, patients signed
informed consent for the proposed therapy.

The qualification criteria included: diagnosis of stage IV renal
cell carcinoma as defined by the Union for International Cancer
Control (19), favorable or intermediate prognosis according to the
Memorial Sloan Kettering Cancer Centre (MSKCC) scale (20), the
presence of at least one measurable lesion in imaging studies
conducted before qualification for treatment and defined
according to the Response Evaluation Criteria In Solid Tumors
(RECIST) version 1.1 (21). Additionally, for the purposes of this
analysis, patients were retrospectively assigned to specific
prognostic groups according to the International Metastatic Renal
Cell Carcinoma Database Consortium (IMDC) scale (22), Clinical
and pathological data were obtained from medical records and were
anonymized. Adverse events were assessed according to Common
Terminology Criteria for Adverse Events v 5.0 (CTCAE v 5.0) (23).

In case of AEs Grade 23, in accordance with the applicable
guidelines and recommendations contained in the summary of
product characteristics, therapy should be discontinued (7, 24, 25). In
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the event of a reduction in the intensity or cessation of a particular
adverse event, it was possible to return to therapy at the initial dose or
at a reduced dose (12, 24, 26).

2.2 Treatment protocol

Patients were treated in accordance with the European Union-
approved prescribing information for sunitinib. Supplementary
Information contains additional details. Treatment was continued
until disease progression, the occurrence of unacceptable toxicity,
patient death or withdrawal of consent.

Sunitynib is medication administered orally. The dosing
regimen for sunitynib is 50 mg per day for 28 days, followed by a
14-day break,. In the situation of adverse event, a reduction to 37
mg per day may be possible, followed by a reduction to 25 mg per
day (24).

2.3 Ethical approval

The study received approval from the Bioethics Committee at
the Maria Sklodowska-Curie National Research Institute of
Oncology - Warsaw Branch (registry number 6/23 dated
October 5,2023).

2.4 Statistical analysis

Clinical features, showing non-normal distributions (confirmed
by the Kolmogorov-Smirnov test), are presented as medians with
interquartile ranges (IQR) or as numbers with percentages (%).
Comparisons were made using the Mann-Whitney U test or
Kruskal-Wallis ANOVA, with post hoc tests where necessary.
Spearman’s rank test assessed correlations. Kaplan-Meier survival
curves were generated based on toxicity incidence and prevalence,
and Cox’s proportional hazard model identified survival predictors.
The F-Cox test compared survival across patient groups. Using Cox
proportional hazard model Hazard Ratio (HR) and 95% confidence
interval (CI) were calculated for all cases with significant differences
in survival curves. A p-value <0.05 was considered significant.
Analyses were performed using STATISTICA 12.0 (StatSoft,
Tulsa, OK, USA) and MedCalc 17.0.4 (MedCalc Software,
Ostend, Belgium.

3 Results

3.1 Patient and treatment characteristics
The median age of participants was 61,50 years (IQR: 14,50): 33

(34,38%) were women and 63 (66,62%) men. There were no

significant differences in median age [62,00 years (IQR:16,00) vs.
63,00 years (IQR: 15,00); p=0,256] and BMI [27,58kg/m2
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(IQR:6,52) vs. 26,29 kg/m2 (IQR:5,95); p=0,315] at the time of
diagnosis between females and males. Table 1 present
population characteristic.

3.2 Characteristics of treatment received

The median number of cycles of TKI administration was 11,00
(IQR: 19,00) and median therapy duration was 63 (IQR:95,00)
weeks. There were no significant differences in median number of
cycles and therapy duration between female and males
[respectively: 15,00 (IQR: 23) vs. 10 (IQR:14); p=0,133] and 88
weeks (IQR: 133,00) vs. 60 weeks (IQR: 84,00); p=0,0123]. A
positive significant correlation between OS and number of
administered cycles [R=0,805; p<0,001] as well as treatment time
[R=0,814; p<0,001] was confirmed. Table 2 presents characteristic
of treatment received.

3.3 Types of toxicities

The most common AE were related to the gastrointestinal tract
- complaints from this system were reported by 76.04% of patients.
61.46% of patients reported fatigue during the course of therapy,
although this symptom was rarely reported as an isolated AE. AEs
related to the cardiovascular system affected 48.96% of patients. In
81.25% of patients, AEs affecting at least two organs were observed.

64 patients (66.67%) required a dose reduction. Furthermore,
33 patients (34.38%) required a second dose reduction to
sustain therapy.

3.3.1 Cardiovascular toxicity

As many as 47 patients (48.96%) experienced cardiovascular
toxicity during sunitynib treatment, and in 17 cases (17.71%), these
toxicities were reported as dominant. The vast majority—28
patients—presented with grade 2 cardiotoxicity, followed by 10
with grade 1, 8 with grade 3, and only 1 patient developing grade
4 cardiotoxicity.

There were no significant differences in the median age or
median BMI between patients with cardiotoxicities compared to
those without toxicities. The respective values were 61.00 years
(IQR: 15.00) versus 62.00 years (IQR: 15.00) (p=0.725), and 27.58
kg/m* (IQR: 6.52) versus 26.29 kg/m*> (IQR: 5.95) (p=0.873).
However, significantly more females experienced cardiotoxic
effects compared to males [yes: 24/96 vs. no: 6/96; p<0.001].

A total of 17 patients (17.71%) required dose delays due to not
acceptable grade 2 and severe (grade >3) cardiac complications, and
multiple delays were necessary in 8 of these cases. Due to escalating
cardiotoxic effects, 16 patients (16.67%) required dose reductions,
and 6 patients (6.25%) were disqualified from further therapy.

3.3.2 Hematological toxicity
Thirty-two patients (33.33%) developed hematological
toxicities, including 19 cases (19.79%) where these toxicities were
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TABLE 1 Characteristic of population. TABLE 1 Continued

Characteristic populations N=96 (100%) Characteristic populations N=96 (100%)
Gender Classification M at the time of diagnosis
Male 63 (66,2%) Unknown 12 (13%)
Female 33 (34,38%) 0 50 (52%)
Karnofsky % 1 34 (35%)
<70 0 (0%) Fuhrman scale
70 0 (0%) 1 6 (6,4%)
80 24 (25%) 2 35 (36,4)
90 53 (55%) 3 42 (43,7%)
100 19 (20%) 4 13 (13,5%)
RISK-MSKCC Number of organ involved
Favorable 36 (37%) To 1 organ 30 (31%)
Intermediate 60 (63%) To 2-3 organs 54 (56%)
Poor 0 (0%) To >3 organs 12 (13%)
RISK-IMDC First site of metastases (may exceed the group size):
Favorable 32 (34%) Lungs 61 (64%)
Intermediate 53 (55%) Liver 9 (9%)
Poor 11 (11%) Soft tissues 30 (31%)
Tumor location Lymph nodes 37 (39%)
Right kidney 47 (48,9%) Bones 23 (24%)
Left kidney 47 (48,9%) Pancreas 12 (13%0
Bilateral 2 (2,2%) Brain 2 (2%)
HP result Kidney on the other side 7 (7%)
Clear cell renal carcinoma 83(86%) Peritoneum 11 (11%)
Clear cell renal carcinoma and another 8 (8%) Adrenal glands 17 (18%)
component (sarkomatoid) ?

Thyroid 2 (2%)
Nonclear cell renal carcinoma 5 (6%)

Another (ovarium, heart, pleura, salivary gland) 5 (5%)
Classification T .

Best response in CT
Unknown 3 (3%)

No data 3 (3%)
1 23 (24%)

Stabilization 53 (55%)
2 11 (11%)

Partial response 36 (38%)
3 58 (60%)

Complete response 1 (1%)
4 1(1%)

Progression disease 3 (3%)
Classification N . :

Reason for 1st line treatment ending
Unknown 28 (29%)

Progression disease 60 (63%)
0 55 (57%)

Toxicity 11 (11%)
1 13 (14%)

Patient resignation 3 (3%)

(Continued)
(Continued)
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TABLE 1 Continued

Characteristic populations N=96 (100%)

Reason for 1st line treatment ending

No data/death 4 (4%)
Status on the day of end of observation

Alive 44 (46%)
Dead 52 (64%)

T, tumor; N, lymph node; M, metastases; MSKCC scale, the Memorial Sloan Kettering Cancer
Centre scale; IMDC scale, International Metastatic Renal Cell Carcinoma Database
Consortium scale; HP result, histopathological result; CT, computed tomography.

TABLE 2 Characteristic of treatment received.

Numbers 96

Characteristic treatment (percentage 100%)

Surgery treatment

Nephrectomy 88 (92%)
Tumorectomy 7 (7%)
No surgery 1 (1%)

2 line treatment on the day of end of observation

Yes 44 (46%)
Observation 1 (1%)

No treatment 33 (34%)
1 line of treatment continues 18 (19%)

3 line treatment on the day of end of observation

Yes 7 (7%)
Observation 2 (2%)
No treatment 56 (58%)
1 line of treatment continues 18 (19%)
2 line of treatment continues 13 (14%)

4 line and next on the day of end of observation

Yes 0 (0%)
Observation 2 (2%)
No treatment 59 (61%)
1 line of treatment continues 18 (19%)
2 line of treatment continues 13 (14%)
3 line of treatment continues 7 (7%)

Number of series of systemic treatment - median

(range)/IQR 11 (1 -91)/19,00

Average of series of systemic treatment 18,14

Number of weeks of treatment - median

(range)/IQR 63 (4 - 546)/95,00

Average number of weeks of systemic treatment 99,41

IQR, iterquartile range.
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reported as dominant. Grade 1 hematotoxicity was reported in 2
patients, 11 patients developed grade 2 toxicity, while grade 3
toxicity was the most common, occurring in 16 cases. Only 3
patients were diagnosed with grade 4 hematotoxicity.

There were no significant differences in median age [60.00 years
(IQR: 15.50) vs. 62.00 years (IQR: 12.50); p=0.635] or sex
distribution [female-to-male ratio: 12/20 vs. 22/42; p=0.712]
between cohorts with and without hematotoxicity. However, the
median BMI of patients with hematological toxicities was
significantly lower compared to those without complications
[26.01 kg/m? (IQR: 5.49) vs. 27.36 kg/m* (IQR: 6.92); p=0.042].

Dose delays due to hematotoxicity were reported in 31 patients,
with multiple delays required in 10 cases. Furthermore, 19 patients
(19.80%) required dose reductions, and treatment was terminated
in 5 patients (5.20%) due to severe hematotoxicity.

3.3.3 Enterotoxicity

Toxicities involving the gastrointestinal tract were diagnosed in 73
patients (76.04%). In 49 cases (20.04%), these toxicities were reported as
dominant. The vast majority of patients, 44 (45.85%), developed grade 2
enterotoxicity, followed by 12 (12.50%) with grade 3, 9 (9.37%) with
grade 1, and only 2 patients (2.08%) presenting with grade 4
enterotoxicity. Patients who developed enterotoxicity were
significantly younger [median age: 60.00 years (IQR: 15.00) vs. 63.00
years (IQR: 10.00); p=0.049] and had a slightly higher but not
statistically significant median BMI [27.22 kg/m* (IQR: 6.41) vs. 26.00
kg/m? (IQR: 5.60); p=0.418] compared to those without enterotoxicity.
There were no significant differences in gender prevalence between the
analyzed cohorts [female-to-male: 27/46 vs. 6/17; p=0.435]. Dose delays
due to enterotoxicity were required in 37 patients (38.54%). Dose
reductions were performed in 38 patients (39.58%), and treatment
was terminated in 3 patients (3.13%) due to severe side effects.

3.3.4 Endocrinological toxicity

Endocrine toxicity occurred in 31 patients (32.29%), but it was
reported as dominant in only 6 cases (6.25%). The vast majority, 26
patients (27.08%), developed grade 2 toxicity, while 4 (4.17%)
experienced grade 1 toxicity, and only one patient (1.04%) was
diagnosed with grade 3 toxicity. There were no significant differences
in median age or median BMI between patients who developed
endocrine toxicities compared to those who did not [61.00 years
(IQR: 17.00) vs. 62.00 years (IQR: 14.00); p=0.454, and 26.33 kg/m’
(IQR: 4.44) vs. 27.18 kg/m? (IQR: 6.34); p=0.604]. However, there were
significantly more women than men in the cohort with endocrine
toxicity [female-to-male ratio: 17/14 vs. 16/49; p=0.004]. Due to the low
incidence of endocrine toxicity in patients treated with TKIs for renal
cancer, dose delays were required in only 6 cases (6.25%),
predominantly during the 4th series. Similarly, dose reductions were
performed in only 7 cases (7.29%), and no patients required
discontinuation of treatment due to endocrine toxicity.

3.3.5 Dermatological toxicity
Forty-three patients (44.79%) experienced dermatological
toxicity, and in 25 cases (20.04%), it was reported as dominant. A
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total of 35 patients (36.46%) developed grade 2 toxicity, 6 (6.25%)
developed grade 1 toxicity, and only 2 (2.08%) experienced grade 3
toxicity. Dose delays were required in 24 patients (25.00%) due to
toxic symptoms, which mostly occurred after the 2nd treatment
series. There were no significant differences in median age or
median BMI between patients who developed dermatological
toxicities and those who did not [60.50 years (IQR: 15.00) vs.
62.00 years (IQR: 14.00); p=0.169, and 25.57 kg/m? (IQR: 4.92) vs.
27.50 kg/m* (IQR: 6.53); p=0.374]. Similarly, no significant
differences were observed in gender distribution between the
analyzed cohorts [female-to-male ratio: 27/46 vs. 6/17; p=0.887].

3.3.6 Urological toxicity

Renal toxicity during sunitinib treatment was diagnosed in 24
(25,00%) patients and in 12 (12,50%) was described as dominant.
Eight (8,33%) patients developed grade 1 toxicity, the next 8
(8,33%) grade 2 followed by 7 (7,29%) persons with toxicity grade
3 and the only one (1,04%) presented the 4™ grade renal toxicity.

Median age [63,00 years (IQR:18,00) vs. 61,00 years
(IQR:13,00); p=0], and median BMI [26,86 kg/m2 (IQR:5,17) ws.
29,99 kg/m2 (IQR:6,41); p=0], did not differ significantly between
patients who experienced and who did not present renal toxicities.
No differences were in gender prevalence between analyzed cohorts
[female-to-male: 10/14 vs. 23/49; p=0,385].

Dose-delay was necessarily in 15 (15,63%) patients mostly after
12" series, furthermore 9 (9,36%) persons during TKI treatment
required dose reduction and 2 (2,08%) had therapy termination
because of severe toxicity.

3.3.7 Fatigue

Fifty-nine (61,5%) participants experienced fatigue during
therapy. The vast majority of i.e. 48 (50%) of patients reported
fatigue during the first 3 series of TKI treatment. There were no
significant differences in median age and median BMI between
patients who developed and did not had fatigue [61,00 years
(IQR:17,00) vs. 62,00 years (IQR:11,00); p=0,997 and 26,98 kg/m2
(IQR:4,71) vs. 26,79 kg/m2 (IQR:7,84); p=0,980]. No differences
were observed in gender prevalence between analyzed cohorts
[female-to-male: 22/37 vs. 11/26; p=0,448].

Detailed analysis of toxicities is showed in Tables 3A-G.

3.4 Impact of toxicities on survival

Patients who developed cardiotoxicity showed significantly
better survival compared to person with no cardiotoxicity
(p=0,017 and HR:0,617; 95%CI: 0,569-0,700)) (Figure 1A1).
There was no defenses in survival between patients who had
dose-delay compared to ones with routine dosing (p=0,068)
(Figure 1A2). Six (6,25%) patients required therapy termination
due to severe cardiotoxicity and were excluded from further survival
analysis due to small sample size. Additionally analysis showed that
reduction of sunitynib dose (but not treatment termination) due to
cardiotoxic complications improved survival significantly
(Figure 1A3) (p=0,012 and HR: 0,365; 95%CI: 0,313-0,427).
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TABLE 3A Detailed analysis of cardiotoxicity.

Cardiotoxicity

10.3389/fonc.2025.1590163

Overall 96 (100%)

No
Yes

Hypertension

ischemic heart disease/heart attack

Heart failure
Thromboembolic events

Arrhythmias

49 (51%)
47 (48.96%)
37 (38.54%)
0 (0%)

6 (6.25%)

9 (9.37%)

12 (12.5%)

Cardio-vascular toxicity grade

Grade 1

Grade 2

Grade 3

Grade 4

10 (10.41%)
28 (29.16%)
8 (8.33%)

1 (1.04%)

Time to start cardio-vascular system toxicity

No

Between series 1 and 3

Between series 3 and 8

Between series 8 and 12

After series 12

49 (51%)
33 (34.76%)
13 (13.54%)
2 (2.08%)

9 (9.37%)

Because of cardio-vascular system toxicity delay in treatment

No

Yes

75 (78.12%)

17 (21.86%)

Because of cardio-vascular system toxicity dose reduction

No

Yes

Because of cardio-vascular system toxicity end

of treatment

74 (77.08%)

16 (16.67%)

6 (6.25%)

TABLE 3B Detailed analysis of hematological toxicity.

Hematological toxicity:

Overall 96 (100%)

No 64 (66.69%)
Yes 32 (33.33%)
Anemia 11(11.45%)
neutropenia 18 (18.75%)
Thrombocytopenia 8 (8.33%)
Hematological toxicity grade

Grade 1 2 (2.08%)
Grade 2 11(11.45%)
Grade 3 16 (16.67%)

(Continued)
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TABLE 3B Continued

Hematological toxicity: Overall 96 (100%)

Hematological toxicity grade

10.3389/fonc.2025.1590163

TABLE 3C Continued

Enterotoxicity Overall 96 (100%)

Time to start digestive system toxicity

Grade 4 ‘ 3 (3.12%)

Time to start hematological toxicity

After series 12 9 (9.37%)

Because of digestive system toxicity delay in treatment

No 64 (66.69%)

No 59 (61.46%)

Between series 1 and 3 16 (16.67%)

Between series 3 and 8 19 (19.80%)
Between series 8 and 12 6 (6.25%)

After series 12 4 (4,16%)

Yes 37 (38.54%)
Because of digestive system toxicity dose reduction

No 55 (57.29%)

Yes 38 (39.58%)

Because of hematological toxicity delay in treatment

B f digesti tem toxicity end
ecause Ol 1gestive system OXlCltY en 3 (312%)
of treatment

No 65 (67.70%)
Yes 31 (32.29%)
Because of hematological toxicity dose reduction TABLE 3D Detailed analysis of endocrinological toxicity.
Yes 21 (21.88%) No 65 (67.71%)
Because of hematological toxicity end 5 (5.20%) Yes 31 (32.29%)
of treatment
Hypothyroidism 30 (31.25%)
Hyperthyroidism 2 (2.08%)
TABLE 3C Detailed analysis of gastrointestinal toxicity. Adrenal gland disorders 0 (0%)
No 23 (23,96%) Other 0 (0%)
Yes 73 (76.04%) Endocrinological toxicity grade
Nausea/heartburn 15 (15.62%) Grade 1 4 (4.2%)
Vomiting 6 (6.25%) Grade 2 26 (27.09%)
Lost of appetite/dysgeusia 29 (30.20%) Grade 3 1 (1.04%)
Diarrhea 41 (42.70%) Grade 4 0 (0%)
Stomatitis 29 (30.20%) Time to start endocrinal toxicity
Hepatotoxicity 21 (21.88%) No 65 (67.71%)
Other 9 (9.37%) Between series 1 and 3 9 (9.37%)
Digestive system toxicity grade Between series 3 and 8 22 (22.91%)
Grade 1 9 (9.37%) Between series 8 and 12 2 (2.08%)
Grade 2 44 (45.85%) After series 12 4 (4.16%)
Grade 3 12 (12.5%) Because of endocrinal system toxicity delay in treatment
Grade 4 2 (2.08%) No 90 (93.75%)
Time to start digestive system toxicity Yes 6 (6.25%)

No 23 (23.96%)

Because of endocrinal system toxicity dose reduction

Between series 1 and 3 49 (51.03%) No 89 (92.71%)
Between series 3 and 8 21 (21.88%) Yes 7 (7.29%)
Between series 8 and 12 9 (9.37%) Because of endocrinal toxicity end of treatment 0 (0%)
(Continued)
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TABLE 3E Detailed analysis of dermatological toxicity.

Dermatological toxicity

Overall 96 (100%)

10.3389/fonc.2025.1590163

TABLE 3F Continued

Urological toxicity Overall 96 (100%)

No 53 (55.21%) Renal toxicity grade

Yes: 43 (44.79%) Grade 3 7 (7.29%)
Hand-foot syndrome 27 (28.12%) Grade 4 1 (1.04%)
Rash 14 (14.58%) Time to start renal toxicity

Conjunctivitis 6 (6.25%) No 72 (75%)
Changes in hair color 11(11.45%) Between series 1 and 3 7 (7.29%)
Yellow/red skin 8 (8.33%) Between series 3 and 8 7 (7.29%)
Other 9 (9.37%) Between series 8 and 12 4 (4.16%)
Skin toxicity grade After series 12 11 (11.45%)
Grade 1 6 (6.25%) Because of renal toxicity delay in treatment

Grade 2 35 (36.46%) No 81 (84.36%)
Grade 3 2 (2.08%) Yes 15 (15.64%)
Grade 4 0 (0%) Because of renal toxicity dose reduction

Time to start skin toxicity

No

Between series 1 and 3

Between series 3 and 8

53 (55.21%)
24 (25%)

15 (15.62%)

Between series 8 and 12

6 (6.25%)

after series 12

4 (4.16%)

Because of skin toxicity delay in treatment

No

Yes

72 (75%)

24 (25%)

Because of skin toxicity dose reduction

No

Yes

75 (78.12%)

20 (20.84%)

Because of skin toxicity end of treatment

TABLE 3F Detailed analysis of renal toxicity.

Urological toxicity

1 (1.04%)

Overall 96 (100%)

No 72 (75%)
Yes 24 (25%)
Kidney failure 18 (18.75%)
Proteinuria 10 (10.41%)
Urinary tract infection 4 (4.16%)
Other 0 (0%)
Renal toxicity grade

Grade 1 8 (8.33%)
Grade 2 8 (8.33%)

Frontiers in Oncology

(Continued)

No 85 (88.54%)

Yes 9 (9.37%)

Because of renal toxicity end of treatment 2 (2.08%)

TABLE 3G Detailed analysis of fatigue.

Fatigue Overall 96 (100%)
No 37 (38.54%)
Yes 59 (61.46%)
Time to start fatigue

No 37 (38.54%)
Between series 1 and 3 48 (50%)
Between series 3 and 8 5 (5.2%)
Between series 8 and 12 4 (4.2%)
After series 12 2 (2.08%)
Because of fatigue dose reduction

No 70 (73%)
Yes 23 (24%)
Because of fatigue stop treatment 3 (3.12%)

Furthermore ones who required therapy termination due to severe
cardiac side effects showed significantly worse survival compared to
patients without dose reduction (HR: 1,871; 95%CI: 1,649-2,123) as
well compared to participants with dose reduction (HR: 2,738; 95%
CI: 2,344-3,199) (Figure 1A3).

In contrast to cardiotoxicity, persons who experienced the
presence of hematologic toxicities did not showed better survival
compared to the ones who did not (Figure 1B1) (p=0,254). Similarly
dose delay due to hematologic toxicity that occurred during the
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FIGURE 1

(A-F) Survival in patients with ccRC depending on types of toxicity: (A1) Impact of cardiotoxicity on survival (p=0,017 and HR:0,617; 95%Cl: 0,569-0,700). (A2)
Impact of dose- delay due to cardiotoxicity on survival. (A3) Impact of dose reduction due to cardiotoxicity on survival (p=0,012 and HR: 0,365; 95%Cl:
0,313-0,42). (B1) Impact of hematologic toxicities on survival. (B2) Impact of dose- delay due to hematologic toxicities on survival. (B3) Impact of dose
reduction due to hematologic toxicities on survival. (C1) Impact of entero-toxicity on survival. (C2) Impact of dose- delay due to entero-toxicity on survival.
(C3) Impact of dose reduction due to entero-toxicity on survival (p=0,004 and HR: 0,543; 95%Cl: 0,499-0,590). (D1) Impact of endocrine toxicity on survival.
(D2) Impact of dose- delay due to endocrine toxicity on survival. (D3) Impact of dose reduction due to endocrine toxicity on survival. (E1) Impact of
dermatologic toxicity on survival. (E2) Impact of dose- delay due to dermatologic toxicity on survival. (E3) Impact of dose reduction due to dermatologic
toxicity on survival. (F1) Impact of urological toxicity on survival. (F2) Impact of dose- delay due to urological toxicity on survival. (F3) Impact of dose
reduction due to urological toxicity on survival. ccRC, clear cell renal cancer; HR, Hazard Ratio; Cl, 95% confidence interval. *p<0.05 is statistically significant.

therapy did not affect survival (Figure 1B2) (p=0,296). However,
patients who underwent dose reduction due to hematologic adverse
events performed significantly better survival compared to
participants without hematologic toxicity (Figure 1B3) (p=0,004
and HR: 0,488; 95%CI: 0,426-0,559). Counterrally patients who
required therapy termination due to hematologic adverse effects
showed the worse survivals compared to ones without dose
reduction (HR: 1,473; 95%CI: 1,317-1,648) (Figure 1B3).

No significant differences were reported in OS if compared
patients with and without entero- toxicity (Figure 1C1) (p=0,124)
nightery between persons who had dose delay due compared to
those who did not (Figure 1C2) (p=0,119). Patients who required
dose reduction due to gastrointestinal toxicity symptoms showed
significantly better survival during therapy compared to the ones
who did not presented gastrointestinal toxicity (Figure 1C3)
(p=0,004 and HR: 0,543; 95%CI: 0,499-0,590). Tree (3,13%)
patients had terminated therapy due to sever hepatotoxic
complications and were not included in the further dose
reduction analysis due to extremely small sample size.

Survival did not differ significantly between patients who
experienced endocrine toxicity during TKI therapy compared to the
persons who did not (Figure 1D1) (p=0,082). Although survival curves
for patients with dose delay or dose reduction show some visual
divergence, the analysis did not demonstrate statistically significant
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differences. Given the small sample size and lack of p-values, no
conclusions can be drawn regarding survival impact (Figures 1D2, 1D3).

Persons who experienced dermatological toxicities during
sunitinib therapy did not show better overall survival
(Figure 1E1) (p=0,160). Similarly, delayed dosing due to toxic
symptoms did not impact the patients’ overall survival
(Figure 1E2). Patients who required dose reduction during TKI
therapy showed better survival, however the difference was
insignificant (Figure 1E3) (p=0,098).

Survival of renal cancer patients treated with TKI was
influenced neither by presence of urological toxicity nor by
delayed dosing due to it (Figures 1F1, 1F2) (p=0,150 and
p=0,309). Similarly comparable survival of patients who
experienced dose reduction during therapy compared to persons
with routine dosing were observed (Figure 1F3) (p=0,121).

Subsequent, comprehensive analysis of the impact of all
toxicities resulting from sunitynib therapy showed that patients
who required at least one dose reduction, but not treatment
termination during TKI treatment had better survival (p<0,001
and HR: 0,376; 95%CI: 0,330-0,389) (Figure 2). The time in which
the dose reduction was defined as early (reduction after 1-3 series),
medium (reduction after 4-8 series) and long (reduction after 9
series or more) did not significantly affect the survival time of
patients treated with this TKI (Figure 3). What is also an interesting
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finding survival of patients who had only one dose reduction If
compared to survival of persons who had reduced dose twice also
did not reveal significant difference (Figure 4).

4 Discussion

The study highlights the incidence of organ toxicities associated
with sunitynib in advanced RCC, focusing on their impact on OS
and treatment duration.

Consistent with prior reports, toxicities emerge as potential
biomarkers of sunitinib efficacy. The findings also emphasize the
need for individualized treatment and careful toxicity monitoring to
optimize outcome.

Cardiotoxicity arises from off-target effects on cardiovascular
pathways. VEGFR inhibition by TKIs disrupts endothelial function,
reduces nitric oxide, and increases vascular resistance, leading to
hypertension and other complications. Direct myocardial toxicity
and mitochondrial dysfunction are also implicated (6, 13). In our
study, cardiovascular toxicities occurred in 49.0% of sunitinib -treated
patients, with hypertension (38.54%) being most common, followed by
arrhythmias (12.5%), thromboembolic events (9.37%), and heart
failure (6.25%). Severe toxicities (Grade =3) affected 9.37%%, leading
to dose delays in 21.86%, reductions in 16.67%, and discontinuation in
6.25%. Our 38% hypertension rate aligns with the reported 15%-49%
range in the literature (10). Arrhythmias and heart failure, though less
common, are significant, with rates of 12% and 7% reported by
Rautiola et al., similar to ours (27). Thromboembolic events (9.37%
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of our patients) align with the 5%-10% reported in the literature (6).
Incidence variations may reflect patient demographics, cardiovascular
risk, and monitoring. Most toxicities in our study were Grade 2
(20.84%) or 3 (12.5%), consistent with data showing manageable
hypertension but severe cases requiring dose adjustments or
discontinuation (27, 28). Early cardiotoxicity management is vital for
treatment adherence and outcomes (6). In our study, cardiotoxicity was
linked to improved survival (p=0.017), with dose reductions further
enhancing OS (p=0.012), suggesting cardiotoxicity as a marker of
VEGEFR inhibition. Similar studies associate hypertension with
prolonged PES and OS (27). Donskov et al. found sunitinib-induced
hypertension linked to longer PFS (14 vs. 7 months, p=0.001) and OS
(30 vs. 16 months, p=0.002) (13). Our study and published data
support cardiotoxicity as a biomarker of efficacy, highlighting the
need for proactive management and individualized treatment based
on patient risk and toxicity profiles.

As a result of the action of TKIs, there is a blockade of many
tyrosine kinase receptors, including the blockade of VEGFR, FMS-
like tyrosine kinase 3 (FLT-3) and c-kit receptors, which promote
hematopoiesis (29, 30). Additionally, in the case of the c-kit
receptor, blockade occurs in hematopoietic stem cells (31). A side
effect of chronic TKI use is myelosuppression (32), which manifests
as anemia, leukopenia, neutropenia, and thrombocytopenia (32). In
our analysis, hematological toxicity occurred in 33.33% of patients.
The most common complication was neutropenia, affecting 18.75%
of patients. Anemia occurred in 11.45% of patients and,
thrombocytopenia affected 9.37% of patients. Most toxicities were
Grade 2 or 3 (28.12%). Kumar and al. in their analysis showed, that
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the most often hematological toxicity was neutropenia - observed in
72% of patients treated with sunitinib and the next was
thrombocytopenia, which was observed in 65% of patients (29).
Hong et al. found in their analysis that the use of sunitinib is
associated with the occurrence of anemia in 69.7% of patients,
thrombocytopenia in 77.6%, and neutropenia in 71.1% (33)
Donskov et al. noted in their analysis, that neutropenia is
significantly associated with both PFS and OS, thrombocytopenia
were not significantly associated with either PFS or OS (13).

However in our study we did not noticed, that persons who
experienced the presence of hematologic toxicities showed better
survival compared to the ones who did not.

We observed, enterotoxicity in 76.04% of patients, with
diarrhea, stomatitis, and appetite loss/dysgeusia being the most
frequent symptoms. These findings align with Porta et al., who
identified diarrhea, stomatitis and mucosal inflammation as
common AE in sunitinib-treated patients (34), and Arena et al.,
who reported stomatitis in 35% of sunitinib-treated patients, mostly
of Grade 1-2 severity (35). Most toxicities in our study were mild to
moderate, with severe (Grade >3) events being rare (15%).
Treatment delays occurred in 38.54% of patients and dose
reductions in 39.58%. However, no significant differences in OS
were found between patients with and without gastrointestinal
toxicity or those experiencing dose delays, consistent with Porta
et al., who noted no cumulative effect of gastrointestinal toxicities
on long-term outcomes (34). Hepatotoxicity was observed in
21.88% of our patients, with Grade 3-4 toxicity in 5 patients
(5.2%). In our study hepatotoxicity led to dose reductions in
11.45% of patients and treatment discontinuation in 3.12%.

Hypothyroidism, a common TKI toxicity in advanced RCC,
arises from multifactorial mechanisms, including cytotoxicity to
thyroid cells, thyroid peroxidase inhibition, disrupted iodine
uptake, altered hormone metabolism, and reduced vascularization
via VEGEFR inhibition (36) The prevalence of Grade 1 and Grade 2
endocrinological toxicities in our study aligns with the lower range
of reported rates, with Wu and Huang noticed a 24%-85% incidence
across studies with varying methodologies (36). Vasileiadis et al.
and Badran et al. reported hypothyroidism rates of 40% and 40.3%,
consistent with our findings (37, 38). Bozkurt et al. and Tassi et al.
observed slightly higher rates of 42.3% and 45.8%, respectively
[39.40]. The differences, though not significant, likely reflect
variations in patient characteristics, treatments, and monitoring.
Grade 2 hypothyroidism was most common (27.09%), with one
Grade 3 case and none of Grade 4, consistent with the typically
mild-to-moderate nature reported in the literature (36, 40).
Hypothyroidism is manageable with hormone replacement,
enabling treatment continuation (36). In our study, endocrine
toxicities, including hypothyroidism, showed no significant
correlation with OS or PFS. In contrast, Bozkurt et al. reported
significantly longer PFS (14 vs. 6 months) and OS (30 vs. 12
months, p=0.001) in patients with sunitinib-induced
hypothyroidism (39). Vasileiadis et al. reported a median OS of
32 months in hypothyroid patients vs. 15 months in euthyroid
individuals (p=0.03) (37). Buda-Nowak et al. and Badran et al.
linked hypothyroidism to improved TKI efficacy, with longer PFS
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and OS (16, 38). Regular monitoring and management of sunitinib
induced hypothyroidism are vital for optimizing outcomes through
individualized care.

In our study, 44.79% of patients experienced dermatological
toxicity, with HFS (28.12%) and rash (14.58%) being the most
common, alongside hair color changes (11.45%). Lee et al. reported
HES in 36% and rash in 20% of sunitinib-treated patients (41). Most
toxicities were Grade 1 or 2, with Grade 2 predominating (36.46%),
and severe (Grade >3) toxicities being rare (2.08%). Treatment
delays were noted in 25%, and dose reductions in 20.84%. No
significant survival impact was found. Poprach et al. observed better
PES (20.8 vs. 11.1 months, p=0.007) and OS (43.0 vs. 31.0 months,
p=0.027) in sunitinib-treated patients with skin toxicities (15).

Early detection and management of these toxicities are critical
for maintaining adherence and efficacy, supporting their potential
as biomarkers of treatment outcomes.

As a result of using TKIs in patients with mRCC, kidney
damage may occur. The causes of this phenomenon may include
endothelial damage, secondary autoimmune disorders, or
dehydration induced by TKIs (42, 43), but the exact mechanisms
of this process are not fully understood (42). The most common
adverse effects resulting from kidney damage during TKI treatment
are renal function failure and proteinuria (44). However, it should
be noted that approximately 50% of patients with mRCC have a
reduced glomerular filtration rate (eGFR) before starting treatment
(45) or may have proteinuria (46). The presence of these disorders is
not an absolute contraindication to the use of TKI therapy (46). In
our study 25% of patients experienced renal toxicity, with kidney
failure (18.75%) and proteinuria (10.41%). Moreover, 4.16% of
patients were diagnosed with urinary tract infection. Toxicities
were Grade 1, Grade 2 or Grade 3 at a similar level (23). In our
study 76% of patients had increased eGFR before the start of
treatment.: In COMPARZ trial an increase in creatinine was
observed in 46% during treatment with sunitinib (12). Similar
results were presented in the analysis by Mielczarek et al. during
sunitinib therapy, an increase in creatinine was recorded in the
range of 7.7% to 33% of patients (47). In the analysis conducted by
Gupta et al,, renal insufficiency was observed in 33% of patients with
mRCC treated with TKIs (48). In a meta-analysis presented by Ren
et al. kidney injury occurred in approximately 17%, and proteinuria
in 29% of patients treated with TKIs. Most adverse events were
graded 1 or 2 according to CTCAE (44). Our analysis did not show
an impact of renal toxicity on the overall survival results of the
studied group of patients. Similar conclusions were reached in the
analyses by Mielczarek et al. and Gupta et al., who found that
patients with mRCC and renal function impairment treated with
anti-VEGF drugs did not differ in terms of response rates, time to
treatment failure, and overall survival from patients with normal
renal function (47, 48). Macfarlane et al. also noted that reduced
eGFR did not affect objective response or overall survival (45).
Additionally, Kato et al. in their meta-analysis found that the
occurrence or worsening of proteinuria did not show a significant
association with a higher risk of death and renal failure. This
suggests that anti-angiogenic drugs can be administered to
patients regardless of their proteinuria status, although careful
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assessment of the benefits and harms of this therapy is
necessary (46).

An additional element that we assessed in our study was the
determination of the frequency of fatigue and the impact of this
parameter on treatment outcomes. The causes of fatigue are
attributed to symptoms related to cancer, the side effects of
cancer therapies, comorbidities of the patient, or psychosocial
factors, but the mechanism of fatigue’s onset is not fully
understood (49). It is considered one of the main factors
influencing treatment effectiveness (49). Fatigue rarely occurs as a
singular symptom (50, 51). In our analysis, fatigue was reported by
59 patients (61.46%). Fatigue most commonly occurred during the
first 3 cycles of treatment. The occurrence of fatigue alone was not a
reason for dose reduction or treatment delay. However, if it
occurred alongside symptoms from other organs, dose reduction
was implemented in 23 patients (24%). Treatment was discontinued
in 3 individuals, but this was not the only reason for
discontinuation; it was a contributing factor. In meta-analysis
published by Santoni et al., it was shown that fatigue is one of the
most commonly reported adverse effects of TKIs (52). In the
COMPARZ study, fatigue was noted in 63% of patients using
sunitinib (12), while in the study by Ekenel et al., fatigue occurred
in 59% of patients (53). Cancer-related fatigue may lead to dose
reduction, treatment delays, or early termination of therapy, which
can negatively impact treatment outcomes (51). However, Donskov
et al. in their analysis showed that the occurrence of fatigue was not
significantly associated with either PFS or OS (13).

In phase 3 clinical studies evaluating the efficacy of combination
therapies involving immune checkpoint inhibitors (ipilimumab +
nivolumab (54)) or combinations of a checkpoint inhibitor with a
kinase inhibitor (pembrolizumab + lenvatinib (55), pembrolizumab
+ everolimus (55), nivolumab + cabozantinib (56), pembrolizumab
+ axitinib (57)) as first-line treatment for advanced renal cell
carcinoma, sunitinib served as the comparator (54-57). In these
studies, the secondary endpoint was the safety of the investigated
therapy compared to the control medication (54-57). In the
CheckMate 214 study, adverse events (AEs) of any grade
occurred in 97% of patients treated with sunitinib, and treatment
was discontinued due to AEs in 12% of them (54). In the CLEAR
study, 98.5% of patients treated with sunitinib experienced any AEs,
and AEs of any grade led to discontinuation of the drug in 14.4% of
cases (55). In the CheckMate 9ER study, adverse events (AEs) of all
severities were observed in 99.1% of patients treated with sunitinib,
with 16.9% discontinuing treatment due to AEs (56). Similarly, in
the KEYNOTE-426 trial, any-grade AEs were reported in 99.5% of
patients receiving sunitinib, leading to discontinuation in 13.9% of
cases (57). In each of these studies, treatment discontinuation due to
AEs was more common in the experimental groups (54-57).

Recently, there has been an increasing number of publications
concerning the optimization of TKI dosage. Several studies have
confirmed that low doses of TKIs can effectively maintain clinical
response (58). In our analysis, we demonstrated that reducing the
dose, regardless of which stage of therapy it occurred, extended the
survival time of patients whose doses were decreased. The doses
were reduced in 66,67% of patients. According to Powles et al., the
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dose reduction applied to 26% of patients treated with sunitinib
(59). And In the COMPARZ study, dose reduction was observed in
51% of patients treated with sunitinib (12). However, none of these
studies analyzed the impact of dose reduction on survival. An
alternative method of use sunitinib: 2 weeks on/1 week off dosing
schedule, reported to improve tolerability (60-62), was not used in
our cohort due to reimbursement limitations at that time, but may
represent a viable option in clinical practice.

The apparent similarity in survival between patients with dose
delay and those with dose reduction may be explained by the frequent
overlap between these subgroups, as many patients who experienced
a delay in treatment subsequently required dose reduction.

Study limitations

This study has several limitations. Its retrospective design may
introduce bias, though data from a structured clinical registry
ensure reliability. The single-center setting limits generalizability,
but as a high-volume cancer care institution, the findings reflect
real-world conditions. The sample size (96 patients) limits subgroup
analyses, yet the study provides valuable insights into treatment
outcomes and toxicity management. The lack of quality-of-life data
precludes a full assessment of toxicity impact, though tolerability
was inferred from dose modifications and treatment delays. The
three-year follow-up may omit long-term outcomes but captures
key therapeutic and toxicity data. This approach was dictated by the
limited sample size and the need to asses overall sunitinib toxicity
trend. Additionally, in clinical practice, the choice between TKIs is
often influenced by factors such as physician preference, patient
tolerance, and institutional protocols rather than clear evidence
favoring one over the other in terms of toxicity.

Despite these limitations, the study offers meaningful real-world
insights into sunitinib use in advanced RCC.

5 Conclusions

This study explores the incidence and impact of sunitynib-
induced organ toxicities in advanced RCC, focusing on treatment
adherence, dose modifications, and survival in real-world settings.
By examining toxicities like cardiotoxicity, it aims to clarify their
prognostic significance and inform strategies for optimizing patient
management and therefore improve patient outcomes, including
reduction of mortality in working-age patients which can reduce
productivity loss (17). Moreover in our analysis, we demonstrated
that reducing the dose, but not treatment cessation due to AE
regardless of which stage of therapy it occurred, extended the
survival time of patients whose doses were decreased.
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