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Abstract
Background: There are various alternative first-line therapeutic options besides tyrosine kinase inhibitors (TKIs) for metastatic renal
cell carcinoma (mRCC). To inform therapeutic decision-making for such patients, this study aimed to identify predictive factors for
resistance to TKI.
Materials and methods: A total of 239 cases of mRCC patients who received first-line TKI therapy were retrospectively studied.
Patients with a radiologic diagnosis of progressive disease within 3months after initiating therapy were classified as primary refractory
cases; the others were classified as non-primary refractory cases. The association between primary refractory cases and age,
gender, pathology findings, serum c-reactive protein (CRP) level, metastatic organ status, and 6 parameters defined by the
International Metastatic Renal Cell Carcinoma Database Consortium were analyzed.
Results:Of 239 cases, 32 (13.3%) received a radiologic diagnosis of progressive disease within 3months after initiating therapy. The
rates of sarcomatoid differentiation, hypercalcemia, a serum CRP level of 0.3mg/dL or higher, presence of liver metastasis, anemia,
and time from diagnosis to treatment interval of less than a year were significantly higher in the primary refractory group. Multivariate
analysis showed that sarcomatoid differentiation, hypercalcemia, a serum CRP level of 0.3mg/dL or higher, and liver metastasis
were independently associated with primary refractory disease. A risk-stratified model based upon the number of patients with these
factors indicated rates of primary refractory disease of 4.0%, 10.1%, and 45.0% for patients with 0, 1, and 2 or more factors,
respectively.
Conclusions: Sarcomatoid differentiation, hypercalcemia, an elevated serum CRP level, and presence of liver metastasis were
associated with primary refractory disease in mRCC patients receiving first-line TKI therapy. These results provide clinicians with
useful information when selecting a first-line therapeutic option for mRCC patients.
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1. Introduction

Upwards of 20% to 30% of renal cell carcinoma patients have
metastases at initial presentation,[1] thus warranting systemic
therapy. The introduction of various targeted therapeutic agents
over the past decade has led to improved efficacy and a better
prognosis as compared with cytokine therapy.[2,3] In addition
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to the efficacy of single targeted agents, the efficacy of
combination regimens consisting of immune checkpoint inhib-
itors (ICIs) and tyrosine kinase inhibitors (TKIs) for metastatic
renal cell carcinoma (mRCC) patients has been demonstrated in
randomized controlled trials.[4–7] These regimens have thus
become recommended as first-line therapies for mRCC.
While the number of therapeutic options is increasing, a clear
strategy for determining the best choice for each patient is still
lacking.
TKIs (including sunitinib and pazopanib) have become

standard first-line therapeutic agents for mRCC. However, some
patients have disease refractory to TKI first-line therapy. Several
papers have reported mechanisms of resistance to anti-angiogenic
agents through an angiogenic escape mechanism such as
activation of an alternative pathway and recruitment of
supporting cells (eg, pericytes and pro-angiogenic or inflamma-
tory cells) derived from bone marrow.[8] Because the oncologic
outcomes of first-line agents are associated with prognosis in
patients with mRCC,[9] it is very important to identify patients
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with disease refractory to TKIs, so that a combination regimen
rather than a single TKI regimen can be prescribed.
This study investigated the characteristics of mRCC patients

with disease that was refractory to first-line TKI therapy and
stratified them based upon their risk of being primary refractory
to TKIs.
2. Materials and methods

2.1. Patients

The medical records of 239 patients with mRCC who were
treated with a TKI as first-line therapy at our institution or other
hospitals in Hiroshima Prefecture in Japan from January 2008 to
October 2019 were retrospectively studied by reviewing relevant
clinical and pathology data. Ethical approval was granted by the
Ethics Committee of Hiroshima University (approval notification
number: E-45). Patients with a radiologic diagnosis of progres-
sive disease in accordance with the Response Evaluation Criteria
in Solid Tumors version 1.1 criteria within 3months after
initiating therapy were classified as primary refractory cases;
others were classified as non-primary refractory cases. Clinical
and pathology data including age, gender, pathology findings,
metastatic status, serum c-reactive protein (CRP) level, choice of
first-line agent, prior nephrectomy, and 6 parameters described
by the International mRCC Database Consortium were evaluat-
ed for all patients, and the distribution of these parameters in each
group was compared. Progression-free survival (PFS) and overall
survival (OS) rates for each group were analyzed by classification
according to the primary effect of first-line agents and
stratification based upon the risk of being a primary refractory
case.

2.2. Statistical analysis

Differences in the distribution of categorical variables between
the 2 groups were analyzed using a chi-squared test. Tumor
responses were assessed by an investigator using Response
Evaluation Criteria in Solid Tumors criteria. The PFS and OS
rates were determined using the Kaplan-Meier method, and
differences between the 2 groups were analyzed using log-rank
testing. Multivariate analysis of predictive factors for early
progression of disease was performed using logistic regression for
parameters identified as significant by univariate analysis. All
statistical analyses were conducted using StatView 5.0 software
(Abacus Concepts, Inc., Berkeley, CA), and a p-value less than
0.05 was considered to be statistically significant.
3. Results

The study cohort consisted of 239 patients (median age 67years)
who received TKI as first-line therapy for mRCC. Thirty-two
patients (13.3%) were classified as primary refractory cases, and
the remaining 207 patients (86.7%) were classified as non-
primary refractory cases; 128 patients (53.6%) died during the
observation period. The 50%OS rate was 43.2months among all
patients, 13.8months in the primary refractory group, and 48.1
months in the non-primary refractory group (p<0.0001). The
rate of conversion to second-line therapy after disease progres-
sion with first-line TKIs was 65.6% in the primary refractory
group and 79.7% in the non-primary refractory group (p=
0.0760). The rates of sarcomatoid differentiation, hypercalcemia,
serum CRP level>0.3mg/dL, liver metastasis, anemia, and time
from diagnosis to treatment interval of<1year were significantly
higher in the primary refractory group (Table 1). Multivariate
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analysis showed that sarcomatoid differentiation, hypercalcemia,
serumCRP level of 0.3mg/dL or higher, and liver metastasis were
independently associated with disease that was primary refrac-
tory to first-line TKI therapy (Table 2).
Next, we constructed a risk-stratified model of primary

refractory mRCC based on the number of patients with these
4 factors. The patients were classified into 3 groups according to
the number of predictive factors present: 0, 1, and ≥2. The 50%
PFS rate was 13, 15, and 3months, and the 50% OS rate was
64.7, 35.3, and 11months among the groups with 0, 1, and ≥2
predictive factors, respectively (Fig. 1). The rate of disease that
was primary refractory to first-line TKI therapy was 4.0%,
10.1%, and 45.0% among the groups with 0, 1, and ≥2
predictive factors, respectively.

4. Discussion

In this study, we identified clinical and pathological parameters
associated with a risk of disease refractory to first-line TKI
therapy among a group of patients withmRCC.We also stratified
patients who received first-line TKI therapy on the basis of 4
parameters (sarcomatoid differentiation, hypercalcemia, elevated
serum CRP level, and liver metastasis) that were associated with
disease that was primary refractory to first-line TKI therapy. To
our knowledge, this study is the first to demonstrate risk
stratification of mRCC patients for disease that is primary
refractory to first-line TKI therapy.
Combination regimens including an ICI have shown better

oncological outcomes compared with TKI therapies alone.[6,7]

However, some patients treated with an ICI may suffer severe
immune-related adverse events, requiring physicians to provide
appropriate care to overcome such adverse events. Therefore,
especially for patients with a relatively favorable risk profile,
TKIs should still be considered as an effective first-line therapy
equivalent or superior to combination regimens including
ICIs.[7,10] There are several TKI therapeutic agents indicated
for the treatment of mRCC, each with differing characteristics,
including target molecules, tumor-suppressive effects, and
potential adverse events.[11,12] Since many physicians have
experience prescribing TKI therapy for mRCC, an appropriate
treatment regimen tailored to individual patient needs should
reduce the risk of adverse events and improve the chance of
survival.[13] Due to these considerations, single TKI therapy
should be considered as a first-line option for mRCC patients,
with the caveat that patients who may have disease that is
primary refractory to first-line TKI therapy should be treated
with combination regimens.
An association between the rate of early tumor shrinkage and

the OS rate for patients treated with a TKI was previously
demonstrated.[14] Consistent with this finding, patients in the
primary refractory group in our study had poorer prognosis than
the non-primary refractory group. In addition, patients in the
primary refractory group had higher rates of anemia, hypercal-
cemia, time from diagnosis to treatment interval of less than a
year, elevated serum CRP level, liver metastasis, and sarcomatoid
differentiation compared to patients in the non-primary
refractory group. These parameters have been reported as
prognostic factors for mRCC. The first 3 factors are parameters
described in the International mRCC Database Consortium risk
criteria established based upon data for patients treated with
targeted therapy.[15] The pretreated serum CRP level and its
fluctuations during treatment were reported to reflect therapeutic
efficacy and the prognosis of mRCC patients in the era of targeted
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Table 1

Patient characteristics.

Primary refractory (n=32) (%) Non-primary refractory (n=207) (%) p Total (n=239) (%)

Age, yr
≥68 17 (53.1) 101 (48.8) 0.6482 118 (49.4)
<68 15 (46.9) 106 (51.2) 121 (50.6)

Gender
Male 25 (78.1) 163 (78.7) 0.9366 188 (78.7)
Female 7 (21.9) 44 (21.3) 51 (21.3)

Pathology
Clear cell 27 (84.4) 189 (91.3) 0.2160 216 (90.4)
Nonclear cell 5 (15.6) 18 (8.7) 23 (9.6)

Sarcomatoid differentiation
� 20 (62.5) 190 (91.8) <0.0001 210 (87.9)
+ 12 (37.5) 17 (8.2) 29 (12.1)

Anemia
� 9 (28.1) 115 (55.6) 0.0038 124 (51.9)
+ 23 (71.9) 92 (44.4) 115 (48.1)

Hypercalcemia
� 24 (75.0) 201 (97.1) <0.0001 225 (94.1)
+ 8 (25.0) 6 (2.9) 14 (5.9)

Neutrophilia
� 24 (75.0) 180 (87.0) 0.0750 204 (85.4)
+ 8 (25.0) 27 (13.0) 35 (14.6)

Thrombocytosis
� 25 (78.1) 182 (87.9) 0.1299 207 (86.6)
+ 7 (21.9) 25 (12.1) 32 (13.4)

KPS
≥80% 29 (90.6) 193 (93.2) 0.5927 222 (92.9)
<80% 3 (9.4) 14 (6.8) 17 (7.1)

Time from diagnosis to treatment
≥1 yr 3 (9.4) 91 (44.0) 0.0002 94 (39.3)
<1 yr 29 (90.6) 116 (56.0) 145 (60.7)

CRP
�0.3mg/dL 5 (15.6) 112 (54.1) <0.0001 117 (49.0)
>0.3mg/dL 27 (84.4) 95 (45.9) 122 (51.0)

IMDC risk
Favorable 2 (6.3) 48 (23.2) 50 (20.9)
Intermediate 17 (53.1) 126 (60.9) 143 (59.8)
Poor 13 (40.6) 33 (15.9) 46 (19.2)

Metastatic organ
Lung 21 (65.6) 140 (67.6) 0.8216 161 (67.4)
Lymph nodes 14 (43.8) 39 (18.8) 0.0016 53 (22.2)
Liver 8 (25.0) 17 (8.3) 0.0039 25 (10.5)
Bone 6 (18.8) 58 (28.0) 0.2714 64 (26.8)
Adrenal gland 2 (6.3) 15 (7.3) 0.5392 17 (7.1)
Ipsilateral kidney 4 (12.5) 15 (7.3) 0.3016 19 (7.9)
Brain 2 (6.3) 8 (3.9) 0.5306 10 (4.2)
Pancreas 3 (9.4) 8 (3.9) 0.1662 11 (4.6)
≥2 organs 18 (56.3) 86 (41.5) 0.1184 104 (43.5)

Nephrectomy
Radical 11 (34.4) 118 (57.0) 0.0168 129 (54.0)
Cytoreductive 15 (46.9) 75 (36.2) 90 (37.7)
None 6 (18.8) 14 (6.8) 0.0227 20 (8.4)

Prior cytokine therapy
� 30 (93.8) 173 (83.6) 0.1342 203 (84.9)
+ 2 (6.3) 34 (16.4) 36 (15.1)

First-line agent
Sunitinib 25 (78.1) 121 (58.5) 0.0337 146 (61.1)
Pazopanib 1 (3.1) 18 (8.7) 19 (7.9)
Sorafenib 6 (18.8) 68 (32.9) 0.1084 74 (31.0)

Second-line agent
None 11 (34.4) 40 (19.3) 51 (21.3)
TKI 9 (28.1) 103 (49.8) 112 (46.9)
mTORi 5 (15.6) 44 (21.3) 49 (20.5)
Nivolumab 7 (21.9) 10 (4.8) 17 (7.1)
Continuation of first-line agent 0 (0) 10 (4.8) 10 (4.2)

CRP= c-reactive protein; IMDC= International mRCC Database Consortium; KPS=Karnofsky performance score; mRCC=metastatic renal cell carcinoma; mTORi=mammalian target of rapamycin inhibitor;
TKI= tyrosine kinase inhibitor.
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Table 2

Predictive factors for early progression.

OR 95% CI p

Sarcomatoid differentiation 3.528 1.277–9.752 0.0151
Time from diagnosis to treatment<1 yr 3.048 0.820–11.331 0.0962
Anemia 1.868 0.728–4.790 0.1934
Hypercalcemia 4.526 1.231–16.640 0.0230
C-reactive protein≥0.3mg/dL 2.999 1.010–8.904 0.0479
Liver metastasis 3.114 1.029–9.424 0.0444

CI= confidential interval; OR=odds ratio.
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therapy.[16–18]Metastatic status (liver, bone, multiple organs) has
been shown to be a poor prognostic factor in mRCC
patients.[19,20] An association between poor prognosis and the
existence and percentage of a sarcomatoid component on
Figure 2. A) Progression-free survival and B) overall survival of patients classified
PFS = progression-free survival; OS = overall survival.

Figure 1. Overall survival of A) all patients and B) groups classified in ac
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histology has also been demonstrated.[21] The factors that
characterized the primary refractory group in this study are
consistent with those previously published reports.
The cohort in this study was stratified based upon of the

number of risk factors for disease that was primary refractory to
first-line agents (Fig. 2). Patients with multiple risk factors
exhibited early progression and poor PFS. Based on this data,
combination regimens including an ICI should be considered as a
first-line therapy option in such cases. In this study, the
percentage of patients in the primary refractory group was
13.3%. This is lower than published rates in phase III clinical
trials[22–26] and in an international, multicenter, population-
based study.[27] The data used in this study were derived from
real-world clinical practice. Therefore, it is possible that the
physicians who participated in this study might have preferred a
combination regimen for high-risk patients rather than single TKI
therapy, thus reducing the proportion of primary refractory
patients in this cohort.
in accordance with the number of risk factors for primary refractory disease.

cordance with the response to first-line therapy. OS = overall survival.
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This study has 2 limitations. First, this was a retrospective
study with a small sample size. A prospective observational study
with a larger sample size will be required to validate the risk
stratification shown in this cohort of mRCC patients with disease
that is primary refractory to first-line TKI therapy. Second, this
study only established a predictive risk-stratified model for
disease that is primary refractory to first-line TKI therapy, but it
did not address the comparative effectiveness of ICI or
combination regimens. While many prognostic factors for
mRCC have been reported including inflammation-related
molecules, blood markers, and metastatic status, predictive
factors for the effectiveness of an ICI regimen are still unclear.[28]

Prognostic factors for patients treated with a TKI and those
treated with an ICI can overlap;[29,30] therefore, it is possible that
patients with multiple risk factors might still have a poor
prognosis despite treatment with a first-line combination regimen
including an ICI. Further study is needed to identify novel
biomarkers predicting the effectiveness of each agent, including
ICIs and TKIs, in order to establish more precise personalized
therapeutic strategies.
In conclusion, we presented a risk-stratified model based on

sarcomatoid differentiation, serum CRP level, hypercalcemia,
and liver metastasis for patients with mRCC disease that is
primary refractory to first-line TKI therapy. With further
validation, this model could provide physicians with useful
reference information when selecting the most appropriate first-
line treatment for mRCC patients. Furthermore, it provides
additional evidence regarding predictive factors associated with
refractory disease when investigating the use of novel therapeutic
strategies for mRCC in an era of multiple treatment options,
including ICIs as well as TKIs.
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