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Abstract: Background: Tyrosine kinase inhibitors (TKIs) prolong progression-free survival (PFS)
in patients with metastatic renal cell carcinoma (mRCC), some of which may achieve long-term
responses. Herein, we report clinical and pathological characteristics of patients who achieved
long-term responses during first-line TKI treatment. Methods: Patients receiving TKI as first-line
therapy from January 2010 to December 2017 in seven Italian Oncology Centers were reviewed.
Sixty-six patients were considered as long-term responders, as they remained progression-free for
36 months or more during TKI treatment. A logistic regression model was performed to evaluate the
effect of each clinical-pathological variable on the probability of responding long-term. Results: A
total of 335 patients with a median age of 66 years were included in the analysis. The median
PFS and overall survival among the long-term responders was 70 and 106 months, respectively.
At a landmark PFS analysis performed 36 months after the start of treatment, the median PFS
was 34 months. Multivariate analysis from all patients identified previous nephrectomy, Eastern
Cooperative Oncology Group Performance Status (ECOG PS) < 1, and lack of liver metastasis as
favorable prognostic factors for long-term response. Female gender and lack of liver metastasis
positively correlated with long-term responses in favorable-risk-score population, as well as ECOG
PS < 1 in intermediate-poor risk score population. Patients Summary: Previous surgery, clinical
condition, and lack of liver metastasis may predict long-term responses to tyrosine kinase inhibitors.
Conclusions: TKIs can lead to a long-term response in a subset of patients with metastatic RCC.
Previous nephrectomy, optimal performance status (ECOG PS = 0), and lack of liver metastasis may
predict long-term responses.

Keywords: renal cell carcinoma; TKI; good risk; poor risk

1. Introduction

Renal cell carcinoma (RCC) accounts for over 90% of cancers in the kidney with clear
cell RCC the most common histological and molecular subtype [1]. Localized RCC can be
successfully managed with nephrectomy, whereas metastatic RCC is highly resistant to
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conventional chemotherapy. Increased understanding of the biological characteristics of
RCC has enabled the development and implementation of new therapeutic strategies in
the field of metastatic RCC. Immune checkpoint inhibitors, commonly in association with
targeted agents including cabozantinib, bevacizumab, and axitinib, or in combination with
each other, have become the standard of care in first-line treatment [2]. Patient outcome is
significantly increased (compared to monotherapy) with tyrosine kinase inhibitor (TKI),
in any case at the expense of a greater toxicity [3–6]. However, for several years sunitinib
and pazopanib, multitargeted TKIs, have improved the possibility of metastatic RCCs
achieving response rates between 30% and 50%, a median progression-free survival (PFS)
of 8.4–11 months, and overall survival (OS) of 26.4–28.4 months [7,8]. In this study, we
report a multicenter experience where a subset of patients achieves long-term responses,
defined as patients with mRCC remaining progression-free for 36 months or more with
TKI therapy. To describe the clinical and pathological characteristics of these patients, we
performed a retrospective analysis of all patients with metastatic RCC treated with sunitinib
and pazopanib in several Italian Oncology Centers. We report on clinical-pathological
features, treatment outcomes, and survival for long-term responders receiving TKI as
first-line setting.

2. Materials and Methods
2.1. Study Population and Schedule Treatment

Three hundred thirty-five patients with metastatic RCC who received sunitinib or
pazopanib between January 2010 and December 2017 in seven Italian Oncology Centers
were included in this retrospective study. Inclusion criteria included age > 18 years and
histologically confirmed RCC with completion of at least one cycle of treatment. The exclu-
sion criteria consisted of patients with cardiovascular disease, hepatic or renal insufficiency,
infectious disease, other malignancies, or those previously treated. Patient demographics
and clinical features at study entry were recorded and those with incomplete clinical data
were excluded. All patients received target therapy with sunitinib 50 mg for four consec-
utive weeks and a two week pause, or pazopanib 800 mg once a day continuously up to
intolerance or progression of disease. Written informed consent was obtained from each
patient before starting treatment. This study was approved by the Comitato Etico Regionale
for clinical experimentation of Toscana Region (Italy) area Vasta Centro Section, (Tuscany
section area Vasta Centro, number: 14565_oss). The study was performed in accordance
with the Declaration of Helsinki.

2.2. Outcome Assessment and Statistical Analysis

Tumor response evaluation was performed every three months, or earlier when clini-
cally required, by spiral computed tomography according to Response Evaluation Criteria
in Solid Tumors (RECIST) version 1.1 [9]. PFS was evaluated as time from the beginning of
the treatment to the date of the disease progression. OS was evaluated as the time from TKI
regimen start to death from any cause or the date of the last follow-up visit. Kaplan–Meier
methodology was used to estimate both PFS and OS during follow-up. PFS analysis was
performed at a landmark timepoint 36 months after the start of therapy to avoid bias of the
resulting Kaplan–Meier survival estimates. Landmark analysis was performed to estimate
the additional progression-free duration among patients who were able to continue TKI
therapy without progression for 36 months (long-term responders). To compare the categor-
ical baseline characteristics distribution of the long and short-term responders, the χ2 test
was used. The variables were described as median and range for quantitative data and by
numbers and percentages for qualitative data. A logistic regression model was performed
on all patients regardless risk class and based on risk score (favorable or intermediate-poor)
to evaluate the effect of each clinical-pathological variable on the probability of responding
long-term. A p < 0.05 score was considered statistically significant. Statistical analysis was
performed using STATA version 9.1.
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3. Results
3.1. Patient’s Features According to Duration of Response

Between January 2010 and December 2017 a total of 368 patients diagnosed with
metastatic RCC and treated with the TKI at the front-line were retrospectively investigated.
Of these, 33 patients receiving cabozantinib were excluded. Overall, 335 patients were
enrolled in our retrospective clinical trial. Sixty-six patients (19.7%) received TKIb for
≥36 months and were identified as long-term responders. Baseline characteristics for the
long-term and short-term responders are shown in Table 1. Both groups had similarities in
median age, sex, and histology. Clear cell carcinoma was the predominant histologic type,
accounting for 87.8% of all patients. Nephrectomy, before initiating systemic therapy, had
been performed in over 80% of all patients with statistically significant predominance in
the long-term responders (p < 0.01). The distribution of patients by International Metastatic
RCC Database Consortium (IMDC) risk group showed a higher percentage of patients with
intermediate-poor risk status in the short-term response group (68.4% vs. 53.0%; p = 0.02).
The proportion of patients with liver metastases was higher in the short-term responders
than in the long-term responders (17.5% vs. 6.1%; p = 0.02). Finally, no statistically significant
differences were observed for first-line TKI and number of therapy lines >1 after TKI in the
two groups.

Table 1. Patients’ baseline characteristics according to duration of response to TKI.

All PFS ≥ 36 Months PFS < 36 Months p
N = 335 N = 66 (19.7%) N = 269 (80.3%)

Age
0.9Median (range) 66 (37–89) 67 (37–85) 66 (37–89)

Gender, n (%)
0.1Male 240 (71.6) 43 (65.1) 197 (73.2)

Histology, n (%)
0.4Clear-cell RCC 294 (87.8) 59 (89.4) 235 (87.4%)

Previous nephrectomy, n (%)
<0.01Yes 286 (85.4%) 63 (95.4) 223 (82.9)

ECOG, n (%)
<0.01≥1 170 (50.7) 22 (33.3) 148 (55.0)

Sarcomatoid feature
0.1Yes 14 (4.2) 0 14 (5.2)

IMDC score, n (%)
0.02Intermediate-poor 219 (65.4) 35 (53.0) 184 (68.4)

Metastatic sites, n (%)
Lung 218 (65.1) 40 (60.6) 178 (66.2) 0.2
Liver 51 (15.2) 4 (6.1) 47 (17.5) 0.02
Nodal 117 (34.9) 21 (31.8) 96 (35.7) 0.2
Bone 105 (31.3) 18 (27.3) 87 (32.3) 0.3
Brain 14 (4.2) 1 (1.5) 13 (4.8) 0.1

First-Line Therapy, n (%)
0.4Sunitinib 200 (59.7) 38 (57.5) 162 (60.2)

Pazopanib 135 (40.3) 28 (42.5) 107 (39.8)

Line of therapy after TKI, n (%)
0.1>1 102 (30.4) 15 (22.7) 87 (32.3)

Percentages are expressed on column total. RCC: renal cell carcinoma, ECOG PS: Eastern Cooperative Oncology
Group Performance Status; IMDC: International Metastatic Renal Cell Carcinoma Database Consortium; TKI: tyrosine
kinase inhibitor; p: p-value.

3.2. Patients Features According to Duration of Response and IMDC Score Risk

One hundred sixteen patients were considered as at a favorable risk according to IMDC
classification (Table 2). Of these, 66 (56.9%) received sunitinib as first-line therapy and the
remaining ones pazopanib. Thirty-one (26.7%) patients achieved a PFS ≥ 36 months and
no statistically significant difference were observed with respect to the TKI used. Among
metastatic sites, only liver involvement showed a significant difference between long-term
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(3.2%) and short-term (20.2%) responders (p = 0.04). Others baseline characteristics were
similar in the two groups. A smaller percentage of patients (12.9%) received more than
1 line of therapy after TKI, in the long responder cohort compared with the short responder
group (34.1%) (p = 0.03).

Table 2. Patients’ baseline characteristics according to duration of response to TKI in favorable-
risk patients.

All PFS ≥ 36 Month PFS < 36 Months p
N = 116 N = 31 (26.7%) N = 85 (73.3%)

Age
0.3Median (range) 69 (37–86) 71 (44–85) 69 (37–86)

Gender, n (%)
0.1Male 83 (71.5) 18 (58.1) 75 (76.5)

Histology, n (%)
0.7Clear-cell RCC 102 (87.9) 28 (90.3) 74 (87.1%)

Previous nephrectomy, n (%)
0.9Yes 110 (94.8%) 30 (96.8) 80 (94.1)

ECOG, n (%)
0.2≥1 46 (39.7) 9 (29.0) 37 (43.5)

Sarcomatoid feature
1Yes 1 (0.9) 0 1 (1.2)

Metastatic sites, n (%)
Lung 80 (69.0) 20 (64.5) 60 (70.6) 0.6
Liver 18 (15.5) 1 (3.2) 17 (20.0) 0.04
Nodal 32 (27.6) 10 (32.3) 22 (25.9) 0.2
Bone 28 (24.1) 8 (25.8) 20 (23.5) 0.8
Brain 2 (1.7) 1 (3.2) 1 (1.2) 0.5

First-Line Therapy, n (%)
0.3Sunitinib 66 (56.9) 15(48.4) 51 (60)

Pazopanib 50 (43.1) 16 (51.6) 34 (40)

Line of therapy after TKI, n (%)
0.03>1 33 (28.4) 4 (12.9) 29 (34.1)

Percentages are expressed on column total. RCC: renal cell carcinoma, ECOG: Eastern Cooperative Oncology
Group; IMDC: International Metastatic Renal Cell Carcinoma Database Consortium; TKI: tyrosine kinase inhibitor;
p: p-value.

Two hundred nineteen patients were classified as IMDC intermediate-poor risk
(Table 3). In this subgroup, only the 16.0% of patients achieved a PFS ≥ 36 months. Clin-
ical and demographic features were substantially balanced in the two groups without
significant differences, except for ECOG PS and previous nephrectomy. Indeed, a higher
percentage of patients with PSF < 36 months (60.3%) had ECOG PS ≥ 1 compared with
long-term responders (37.1%) (p < 0.01). Regarding surgery treatment, 94.1% of patients
with PFS ≥ 36 month and 77.7% of patients with PFS < 36 months had been subjected to
previous nephrectomy (p = 0.02).

3.3. Response Rate and Outcome Efficacy

A response rate (RR) of 37.1% and a disease control rate (DCR) of 81.1% were recorded
for the total population with a significant statistically difference between long- and short-
term responses (p < 0.01). Similarly, a higher RR and DCR were observed in patients
achieving a PFS ≥ 36 months compared with patients with PFS < 36 months, in favorable
(p = 0.05; p = 0.03) and intermediate-poor risks (p = 0.05; p < 0.01), respectively (Table S1).
Median PFS and OS were assessed in all patients and resulted in 13 (95% CI, 11–15)
and 48 (95% CI, 39–60) months, respectively. In long-term responders, median PFS was
70 months versus 10 months in patients achieving PFS < 36 months (Table S2). Median PFS
data in IMDC favorable and intermediate-poor risk population are reported in Table S2.
In patients with PFS ≥ 36 months, median OS was 106 (95% CI, 93-not reached [NR])
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compared with 33 (95% CI, 24–39) months in patients with PFS < 36 months (HR, 0.20; 95%
CI, 0.12–0.32; p < 0.01) (Table S3 and Figure 1).

Table 3. Patients’ baseline characteristics according to duration of response to TKI in intermediate-
poor risk patients.

All PFS ≥ 36 Months PFS < 36 Months p
N = 219 N = 35 (16.0%) N = 184 (84.0%)

Age
0.5Median (range) 65 (37–89) 63 (37–78) 65 (37–89)

Gender, n (%)
1Male 157 (71.7) 25 (71.4) 132 (71.7)

Histology, n (%)
1Clear-cell RCC 192 (87.7%) 31 (88.6) 161 (87.5)

Previous nephrectomy, n (%)
0.02Yes 176 (80.4%) 33 (94.3) 143 (77.7)

ECOG, n (%)
<0.01≥1 124 (56.6) 13 (37.1) 11 (60.3)

Sarcomatoid feature
0.2Yes 13 (5.9) 0 13 (7.1)

Metastatic sites, n (%) 0.4
Lung 138 (63.0) 20 (57.1) 118 (64.1) 0.3
Liver 33 (15.1) 3 (8.6) 30 (16.3) 0.3
Nodal 85 (38.8) 11 (31.4) 74 (40.2) 0.4
Bone 77 (35.2) 10 (28.6) 67 (36.4) 0.2
Brain 12 (5.5) 0 12 (6.5)

First-Line Therapy, n (%)
0.6Sunitinib 134 (61.2) 23 (65.7) 111 (60.3)

Pazopanib 85 (38.8) 12 (34.3) 73 (39.7)

Line of therapy after TKI, n (%)
1>1 69 (31.5) 11 (31.4) 58 (31.5)

Percentages are expressed on column total. RCC: renal cell carcinoma, ECOG: Eastern Cooperative Oncology
Group; IMDC: International Metastatic Renal Cell Carcinoma Database Consortium; TKI: tyrosine kinase inhibitor;
p: p-value.
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Among long-term responders with an IMDC favorable risk, mOS was 105 (95% CI,
70-NR) versus 66 (95% CI, 40–75) months of patients with PFS < 36 months (HR, 0.30,
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95% CI, 0.14–0.62; p < 0.01). Similarly, a longer mOS was recorded in intermediate-poor
risk patients with PFS ≥ 36 months (112 months, 95% CI, 93-NR) compared to those with
PFS < 36 months (23 months, 95% CI, 20–29) (HR, 0.17; 95%CI, 0.09–0.32; p < 0.01) (Table S3
and Figure 2).
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At a landmark time of 36 months in the long-term responders, median PFS and OS
was 34 (95% CI, 22–50) and 70 (95% CI, 57-NR) months, respectively (Figure 3).
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3.4. Long-Term Response Predictors

Logistic regression analysis was performed on all 335 patients to assess the relation-
ships between clinical-pathological variables and long-term responses. Risk variables
assessed included age, gender, histology type, previous nephrectomy, ECOG PS, sarco-
matoid feature, IMDC score, and metastatic site. The odds ratio (OR) estimate for each
variable in the univariate and multivariate analysis is listed in Table 4.
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Table 4. Univariate and multivariate analysis of the correlation of various clinical-pathological
variables with PFS ≥ 36 months in all patients.

Univariate Analysis Odds Ratio CI 95% p

Age
>70 0.92 0.53–1.60 0.8

Gender
Male 0.68 0.38–1.21 0.2

Histology
Clear-cell RCC 1.22 0.51–2.89 0.6

Previous nephrectomy
Yes 4.33 1.30–14.39 0.02

ECOG PS
≥1 0.43 0.26–0.72 <0.01

Sarcomatoid feature
Yes 1

IMDC score
Intermediate-poor 0.52 0.30–0.90 0.02

Metastatic sites, n (%)
Lung 0.79 0.45–1.37 0.4
Liver 0.3 0.10–0.88 0.02
Nodal 0.84 0.47–1.49 0.5
Bone 0.78 0.43–1.43 0.4

Others 1.46 0.82–1.59 0.2

Multivariate analysis Odds Ratio CI 95% p

Previous nephrectomy
Yes 3.42 1.00–11.63 0.05

ECOG
≥1 0.5 0.30–0.85 0.01

IMDC score
Intermediate-poor 0.64 0.36–1.14 0.1

Metastatic sites, n (%)
Liver 0.32 0.11–0.93 0.04

RCC: renal cell carcinoma, ECOG PS: Eastern Cooperative Oncology Group Performance Status; IMDC: Inter-
national Metastatic Renal Cell Carcinoma Database Consortium; TKI: tyrosine kinase inhibitor; CI: confidence
interval; p: p-value.

Long-term responders had greater odds of having received previous nephrectomy
(OR, 3.42; 95% CI, 1–11.63; p = 0.05), and a lower odds of having ECOG PS ≥ 1 (OR, 0.50;
95% CI, 0.30–0.85; p < 0.01) and liver metastases (OR, 0.32; 95% CI, 0.11–0.93; p = 0.04),
compared with short-term responders. Univariate and multivariate analysis of the rela-
tionship between clinical-pathological variables with PFS ≥ 36 months in favorable and
intermediate-poor risk patients are reported in Tables 5 and 6.

Table 5. Univariate and multivariate analysis of the relationships between various clinical-
pathological variables with PFS ≥ 36 months in good-risk patients.

Univariate Analysis Odds Ratio CI 95% p

Age
>70 1.5 0.66–3.43 0.3

Gender
Male 0.43 0.18–1.02 0.05

Histology
Clear-cell RCC 1.39 0.36–5.34 0.6
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Table 5. Cont.

Univariate Analysis Odds Ratio CI 95% p

Previous nephrectomy
Yes 1.87 0.21–16.71 0.6

ECOG
≥1 0.54 0.22–1.29 0.2

Sarcomatoid feature
Yes 1

Metastatic sites, n (%)
Lung 0.75 0.32–1.81 0.5
Liver 0.13 0.02–1.05 0.05
Nodal 1.37 0.56–3.34 0.5
Bone 1.13 0.44–2.92 0.8

Others 1.19 0.50–2.85 0.7

Multivariate analysis Odds Ratio CI 95% p

Gender
Male 0.38 0.15–0.95 0.04

Metastatic sites, n (%)
Liver 0.32 0.11–0.93 0.04

RCC: renal cell carcinoma, ECOG PS: Eastern Cooperative Oncology Group Performance Status; IMDC: Inter-
national Metastatic Renal Cell Carcinoma Database Consortium; TKI: tyrosine kinase inhibitor; CI: confidence
interval; p: p-value.

Table 6. Univariate and multivariate analysis of the relationships between various clinical-
pathological variables with PFS ≥ 36 months in intermediate-poor risk patients.

Univariate Analysis Odds Ratio CI 95% p

Age
>70 0.53 0.23–1.19 0.1

Gender
Male 0.98 0.44–2.19 0.9

Histology
Clear-cell RCC 1.11 0.36–3.42 0.9

Previous nephrectomy
Yes 4.73 1.01–20.55 0.04

ECOG
≥1 0.39 0.18–0.82 0.01

Sarcomatoid feature
Yes 1

Metastatic sites, n (%)
Lung 0.74 0.36–1.55 0.4
Liver 0.48 0.14–1.67 0.2
Nodal 0.68 0.31–1.47 0.3
Bone 0.7 0.32–1.54 0.4

Others 1.81 0.82–3.95 0.1

Multivariate analysis Odds Ratio CI 95% p

Previous nephrectomy
Yes 3.98 0.90–17.56 0.1

ECOG
≥1 0.44 0.21–0.94 0.03

RCC: renal cell carcinoma, ECOG PS: Eastern Cooperative Oncology Group Performance Status; IMDC: Inter-
national Metastatic Renal Cell Carcinoma Database Consortium; TKI: tyrosine kinase inhibitor; CI: confidence
interval; p: p-value.
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Patients with PFS ≥ 36 months and IMDC favorable risks were less likely to be male
(OR, 0.38; 95% CI, 0.15–0.95; p = 0.04) and to have liver metastasis (OR, 0.32; 95% CI,
0.11–0.93; p = 0.04) compared with PFS < 36 months patients. Among intermediate-poor
risk patients, long-term responders had lower odds of having ECOG ≥ 1 (OR, 0.44; 95% CI,
0.21–0.94; p = 0.03) compared to short-term responders.

4. Discussion

Although no longer the standard of care at present, TKIs were the first-line choice
therapy for metastatic RCC for several years. In the randomized phase III pivotal trial, suni-
tinib showed a longer PFS (11 versus 5 months; p < 0.05) and OS (26.4 versus 21.8 months;
p = 0.05) as well as response rates (47% versus 12%; p < 0.05) compared with interferon
alfa [10]. Successively, compared with sunitinib, pazopanib was non-inferior with respect
to PFS (8.4 versus 9.5 months; HR, 1.05; 95% CI 8.3–10.9) and OS (28.4 versus 29.3 months,
HR, 0.91; 95% CI, 0.76–1.08) [8]. In this retrospective study, we analyzed data collected
from the medical records of 335 patients with mRCC who received sunitinib or pazopanib
as first-line therapy. Our goal was to present the clinical and pathological characteristics,
as well as survival outcomes, of patients considered as long-term responders that reached
a PFS ≥36 months. Median OS was 48 months for the total population; 75 months in
patients with a favorable risk and 33 months for those with an intermediate-poor risk.
Notably, in long-term responders with an intermediate-poor risk, mOS was higher in long
responders with a favorable risk (112 vs. 105 months). These survival data are larger than
those reported in clinical practice studies, and may reflect the presence of considerable
heterogeneity in clinical-pathological characteristics of patients [11–15]. We identified
previous nephrectomy, ECOG PS < 1, and lack of liver metastases as factors associated
with long-term responses in the study population. Variables associated with long-term
response in IMDC favorable-risk patients included lack of liver metastases and female
gender, whereas ECOG PS < 1 was associated with PFS ≥36 months in IMDC intermediate-
poor risk patients (Figure 4). Results are consistent with data in the literature reporting a
better overall survival, recurrence rates, and cancer specific survival in women than in men
with RCC and a good performance status as a predictive factor of better response [16].
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In our analysis, the ratio of patients remaining long-progression-free for 36 months or
longer with TKI therapy was similar to that reported in a previous long-term response study
of sunitinib and pazopanib with accordance to the general characteristics of patients [17,18].
Ana M. Molina et al. retrospectively identified a subgroup of long-term responders (18.9%),
defined as patients remaining progression-free while receiving sunitinib for >18 months
or achieving a complete response (CR) during treatment with sunitinib. In this study,
patients received sunitinib for a median of 24.9 months, and a maximum duration of
73.9 months [17]. The objective response rate was 79%, with three patients achieving CR.
On a landmark PFS analysis performed 18 months after start of treatment, median PFS was
17.4 months. Authors found that lack of bone metastases or lung metastases and favorable
Memorial Sloan–Kettering Cancer Center (MSKCC) risk status were associated with long-
term responses [17]. Similarly, Mustafa et al. reported a 19.3% proportion of patients
remaining progression-free for 18 months or longer while on pazopanib [18]. Baseline
patient characteristics associated with PFS benefit (>18 months), CR, and partial response
(PR) included age < 65 years and favorable risk based on either IMDC or MSKCC criteria,
although data for risk classifications were unavailable for about one third of patients [18].
Favorable or intermediate MSKCC risk has been identified as risk factor correlated with a
greater likelihood of achieving CR with sunitinib treatment by Heng et al. [19], whereas
other authors have not been able to identify clinical or biological parameters associated
with long-term responses or complete remissions [20]. When we started the study, TKIs
were considered the standard of care at the forefront of metastatic RCC patients in most
countries [21,22]. Currently, immune checkpoint inhibitors, both combined with TKIs and
with each other, have considerably changed the treatment paradigm of RCC [3–6], reserving
the use of TKI monotherapy for limited cases [23,24]. However, in the favorable-risk
population, combination therapies did not show a significant advantage in terms of OS over
TKI alone, at the expense of a greater toxicity [3–6]. The presence of clinical-pathological
variables, correlated with long-term responses, could support the best therapeutic choice in
clinical practice, mainly in favorable-risk mRCC patients with low burden of disease, slowly
progressing disease, and lack of unfavorable metastatic sites (liver or brain metastasis). In
these patients, the use of TKI alone may still be justified. There are several limitations in
our study. Firstly, the retrospective nature of data collection. Secondly, the incompleteness
of the data relating to best response (CR or PR), and the lack of information on the duration
of treatment, dose adjustment, and safety data. The strengths are represented by the large
sample examined, the multicenter nature of the study, and the long time of progression-free
disease considered despite the arbitrary choice of the cut off.

5. Conclusions

In summary, tyrosine kinase inhibitors achieve long-term responses in a subset of
patients with metastatic RCC. Previous nephrectomy, ECOG PS < 1, and lack of liver
metastasis may predict long-term response regardless of risk classification. Female gender
and lack of metastatic site predict long-term response in the favorable-risk population;
ECOG PS < 1 in intermediate-poor-risk population. Clinical-pathological features could
favor optimal therapeutic first-line choice in mRCC patients.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/biomedicines10102444/s1. Table S1: Best response, according to
duration of response to TKI.title; Table S2: Progression-free survival according to duration of response
to prior TKI; Table S3: Overall survival according to duration of response to prior TKI.

Author Contributions: G.R. had full access to all the data in the study and takes responsibility for the
integrity of the data and the accuracy of the data analysis. Study concept and design, M.C. and G.R.;
acquisition of data, L.D., M.M., and D.B.; participant recruitment, U.D.G., G.P., M.S., L.G. and R.C.;
analysis and interpretation of data, G.R. and G.M.; writing—original draft, G.R. writing—review and
editing, G.R. and L.A., statistical analysis, G.R.; supervision, M.C.,U.D.G., G.P. and S.B. All authors
have read and agreed to the published version of the manuscript.

https://www.mdpi.com/article/10.3390/biomedicines10102444/s1
https://www.mdpi.com/article/10.3390/biomedicines10102444/s1


Biomedicines 2022, 10, 2444 11 of 12

Funding: This research received no external funding.

Institutional Review Board Statement: All procedures performed in studies involving human
participants were in accordance with the ethical standards of the institutional and/or national
research committee and with the 1964 Helsinki declaration and its later amendments or comparable
ethical standards.

Informed Consent Statement: Informed consent was obtained from all individual participants
included in the study.

Data Availability Statement: The data used to support the findings of this study are available from
the corresponding author upon request.

Conflicts of Interest: No author declares any conflict of interest.

References
1. Hsieh, J.J.; Purdue, M.P.; Signoretti, S.; Swanton, C.; Albiges, L.; Schmidinger, M.; Heng, D.Y.; Larkin, J.; Ficarra, V. Renal cell

carcinoma. Nat. Rev. Dis. Primers 2017, 3, 17009. [CrossRef]
2. Bedke, J.; Albiges, L.; Capitanio, U.; Giles, R.H.; Hora, M.; Lam, T.B.; Ljungberg, B.; Marconi, L.; Klatte, T.; Volpe, A.; et al. The

2021 Updated European Association of Urology Guidelines on Renal Cell Carcinoma: Immune Checkpoint Inhibitor–based
Combination Therapies for Treatment-naive Metastatic Clear-cell Renal Cell Carcinoma Are Standard of Care. Eur. Urol. 2021, 80,
393–397. [CrossRef] [PubMed]

3. Motzer, R.J.; Powles, T.; Burotto, M.; Escudier, B.; Bourlon, M.T.; Shah, A.Y.; Suárez, C.; Hamzaj, A.; Porta, C.; Hocking, C.M.;
et al. Nivolumab plus cabozantinib versus sunitinib in first-line treatment for advanced renal cell carcinoma (CheckMate 9ER):
Long-term follow-up results from an open-label, randomised, phase 3 trial. Lancet Oncol. 2022, 23, 888–898. [CrossRef]

4. Powles, T.; Plimack, E.R.; Soulières, D.; Waddell, T.; Stus, V.; Gafanov, R.; Nosov, D.; Pouliot, F.; Melichar, B.; Vynnychenko,
I.; et al. Pembrolizumab plus axitinib versus sunitinib monotherapy as first-line treatment of advanced renal cell carcinoma
(KEYNOTE-426): Extended follow-up from a randomised, open-label, phase 3 trial. Lancet Oncol. 2020, 21, 1563–1573. [CrossRef]

5. Tannir, N.M.; McDermott, D.F.; Escudier, B.; Hammers, H.J.; Aren, O.R.; Plimack, E.R.; Barthelemy, P.; Neiman, V.; George, S.;
Porta, C.; et al. Overall survival and independent review of response in CheckMate 214 with 42-month follow-up: First-line
nivolumab + ipilimumab (N+I) versus sunitinib (S) in patients (pts) with advanced renal cell carcinoma (aRCC). J. Clin. Oncol.
2020, 38, 609. [CrossRef]

6. Motzer, R.J.; Tannir, N.M.; McDermott, D.F.; Arén Frontera, O.; Melichar, B.; Choueiri, T.K.; Plimack, E.R.; Barthélémy, P.; Porta,
C.; George, S.; et al. Nivolumab plus Ipilimumab versus Sunitinib in Advanced Renal-Cell Carcinoma. N. Engl. J. Med. 2018, 378,
1277–1290. [CrossRef] [PubMed]

7. Motzer, R.J.; Hutson, T.E.; Tomczak, P.; Michaelson, M.D.; Bukowski, R.M.; Oudard, S.; Negrier, S.; Szczylik, C.; Pili, R.; Bjarnason,
G.A.; et al. Overall survival and updated results for sunitinib compared with interferon alfa in patients with metastatic renal cell
carcinoma. J. Clin. Oncol. 2009, 27, 3584–3590. [CrossRef]

8. Motzer, R.J.; Hutson, T.E.; Cella, D.; Reeves, J.; Hawkins, R.; Guo, J.; Nathan, P.; Staehler, M.; de Souza, P.; Merchan, J.R.; et al.
Pazopanib versus Sunitinib in Metastatic Renal-Cell Carcinoma. N. Engl. J. Med. 2013, 369, 722–731. [CrossRef]

9. Schwartz, L.H.; Litière, S.; De Vries, E.; Ford, R.; Gwyther, S.; Mandrekar, S.; Shankar, L.; Bogaerts, J.; Chen, A.; Dancey, J.; et al.
RECIST 1.1—Update and clarification: From the RECIST committee. Eur. J. Cancer 2016, 62, 132–137. [CrossRef] [PubMed]

10. Motzer, R.J.; Hutson, T.E.; Tomczak, P.; Michaelson, M.D.; Bukowski, R.M.; Rixe, O.; Oudard, S.; Negrier, S.; Szczylik, C.; Kim,
S.T.; et al. Sunitinib versus Interferon Alfa in Metastatic Renal-Cell Carcinoma. N. Engl. J. Med. 2007, 356, 115–124. [CrossRef]
[PubMed]

11. Schmidinger, M.; Pichler, R.; Loidl, W.; Bauernhofer, T.; Kretz, M.; Tinchon, C.; Niedersüß-Beke, D.; Pfleger, G.; Wiesinger, C.G.;
Vogl, U.; et al. Real-World Evidence Data on Metastatic Renal-Cell Carcinoma Treatment in Austria: The RELACS Study. Clin.
Genitourin. Cancer 2019, 17, e957–e967. [CrossRef]

12. Isaacsson Velho, P.; Nardo, M.; de Azevedo Souza, M.C.L.; Bonadio, R.R.C.C.; Marta, G.N.; Muniz, D.Q.B.; Bastos, D.A.; Dzik, C.
Analysis of Efficacy and Toxicity Profile of First-Line Sunitinib or Pazopanib in Metastatic Clear Cell Renal Cell Carcinoma in the
Brazilian Population. J. Glob. Oncol. 2018, 4, JGO-18. [CrossRef]

13. Lalani, A.K.A.; Li, H.; Heng, D.Y.C.; Wood, L.; Kalirai, A.; Bjarnason, G.A.; Sim, H.W.; Kollmannsberger, C.K.; Kapoor, A.; Hotte,
S.J.; et al. First-line sunitinib or pazopanib in metastatic renal cell carcinoma: The Canadian experience. J. Can. Urol. Assoc. 2017,
11, 112–117. [CrossRef] [PubMed]

14. Ruiz-Morales, J.M.; Swierkowski, M.; Wells, J.C.; Fraccon, A.P.; Pasini, F.; Donskov, F.; Bjarnason, G.A.; Lee, J.L.; Sim, H.W.;
Sliwczynsk, A.; et al. First-line sunitinib versus pazopanib in metastatic renal cell carcinoma: Results from the International
Metastatic Renal Cell Carcinoma Database Consortium. Eur. J. Cancer 2016, 65, 102–108. [CrossRef]

15. Pal, S.K.; Ghate, S.R.; Li, N.; Swallow, E.; Peeples, M.; Zichlin, M.L.; Perez, J.R.; Agarwal, N.; Vogelzang, N.J. Real-World Survival
Outcomes and Prognostic Factors Among Patients Receiving First Targeted Therapy for Advanced Renal Cell Carcinoma: A
SEER–Medicare Database Analysis. Clin. Genitourin. Cancer 2017, 15, e573–e582. [CrossRef]

http://doi.org/10.1038/nrdp.2017.9
http://doi.org/10.1016/j.eururo.2021.04.042
http://www.ncbi.nlm.nih.gov/pubmed/34074559
http://doi.org/10.1016/S1470-2045(22)00290-X
http://doi.org/10.1016/S1470-2045(20)30436-8
http://doi.org/10.1200/JCO.2020.38.6_suppl.609
http://doi.org/10.1056/NEJMoa1712126
http://www.ncbi.nlm.nih.gov/pubmed/29562145
http://doi.org/10.1200/JCO.2008.20.1293
http://doi.org/10.1056/NEJMoa1303989
http://doi.org/10.1016/j.ejca.2016.03.081
http://www.ncbi.nlm.nih.gov/pubmed/27189322
http://doi.org/10.1056/NEJMoa065044
http://www.ncbi.nlm.nih.gov/pubmed/17215529
http://doi.org/10.1016/j.clgc.2019.05.017
http://doi.org/10.1200/JGO.18.00073
http://doi.org/10.5489/cuaj.4398
http://www.ncbi.nlm.nih.gov/pubmed/28515811
http://doi.org/10.1016/j.ejca.2016.06.016
http://doi.org/10.1016/j.clgc.2016.12.005


Biomedicines 2022, 10, 2444 12 of 12

16. Gul, Z.G.; Liaw, C.W.; Mehrazin, R. Gender Differences in Incidence, Diagnosis, Treatments, and Outcomes in Clinically Localized
Bladder and Renal Cancer. Urology 2021, 151, 176–181. [CrossRef]

17. Molina, A.M.; Jia, X.; Feldman, D.R.; Hsieh, J.J.; Ginsberg, M.S.; Velasco, S.; Patil, S.; Motzer, R.J. Long-term response to sunitinib
therapy for metastatic renal cell carcinoma. Clin. Genitourin. Cancer 2013, 11, 297–302. [CrossRef]

18. Mustafa, E.; Bivas, B.; Pongwut, D.; Lingwu, C.; Wong, Y.F.; Hashem, T.; Lim, C.S.; Karabulut, B.; Chung, H.J.; Chikatapu, C.; et al.
Prospective observational study on Pazopanib in patients treated for advanced or metastatic renal cell carcinoma in countries in
Asia Pacific, North Africa, and Middle East regions: PARACHUTE study. BMC Cancer 2021, 21, 1021. [CrossRef]

19. Heng, D.Y.C.; Rini, B.I.; Garcia, J.; Wood, L.; Bukowski, R.M. Prolonged complete responses and near-complete responses to
sunitinib in metastatic renal cell carcinoma. Clin. Genitourin. Cancer 2007, 5, 446–451. [CrossRef]

20. Albiges, L.; Oudard, S.; Negrier, S.; Caty, A.; Gravis, G.; Joly, F.; Duclos, B.; Geoffrois, L.; Rolland, F.; Guillot, A.; et al. Complete
remission with tyrosine kinase inhibitors in renal cell carcinoma. J. Clin. Oncol. 2012, 30, 482–487. [CrossRef]

21. Motzer, R.J.; Escudier, B.; Gannon, A.; Figlin, R.A. Sunitinib: Ten Years of Successful Clinical Use and Study in Advanced Renal
Cell Carcinoma. Oncologist 2017, 22, 41–52. [CrossRef] [PubMed]

22. Cella, D.; Beaumont, J.L. Pazopanib in the treatment of advanced renal cell carcinoma. Ther. Adv. Urol. 2016, 8, 61–69. [CrossRef]
[PubMed]

23. eUpdate—Renal Cell Carcinoma Treatment Recommendations|ESMO. Available online: https://www.esmo.org/guidelines/
guidelines-by-topic/genitourinary-cancers/renal-cell-carcinoma/eupdate-renal-cell-carcinoma-treatment-recommendations-4
(accessed on 31 July 2022).

24. Izzedine, H.; Mathian, A.; Champiat, S.; Picard, C.; Mateus, C.; Routier, E.; Varga, A.; Malka, D.; Leary, A.; Michels, J.; et al. Renal
toxicities associated with pembrolizumab. Clin. Kidney J. 2019, 12, 81–88. [CrossRef] [PubMed]

http://doi.org/10.1016/j.urology.2020.05.067
http://doi.org/10.1016/j.clgc.2013.04.001
http://doi.org/10.1186/s12885-021-08738-z
http://doi.org/10.3816/CGC.2007.n.033
http://doi.org/10.1200/JCO.2011.37.2516
http://doi.org/10.1634/theoncologist.2016-0197
http://www.ncbi.nlm.nih.gov/pubmed/27807302
http://doi.org/10.1177/1756287215614236
http://www.ncbi.nlm.nih.gov/pubmed/26834841
https://www.esmo.org/guidelines/guidelines-by-topic/genitourinary-cancers/renal-cell-carcinoma/eupdate-renal-cell-carcinoma-treatment-recommendations-4
https://www.esmo.org/guidelines/guidelines-by-topic/genitourinary-cancers/renal-cell-carcinoma/eupdate-renal-cell-carcinoma-treatment-recommendations-4
http://doi.org/10.1093/ckj/sfy100
http://www.ncbi.nlm.nih.gov/pubmed/30746132

	Introduction 
	Materials and Methods 
	Study Population and Schedule Treatment 
	Outcome Assessment and Statistical Analysis 

	Results 
	Patient’s Features According to Duration of Response 
	Patients Features According to Duration of Response and IMDC Score Risk 
	Response Rate and Outcome Efficacy 
	Long-Term Response Predictors 

	Discussion 
	Conclusions 
	References

