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Lothar Bergmannf , Martin Bögemanng, Peter J. Goebellh, Michael Rinki, Katrin Schlackj,
Marianne Leitsmannk and Arne Straußa

aDepartment of Urology, University Medical Center Goettingen, Goettingen, Germany
bInstitute for Diagnostic and Interventional Radiology, University Medical Center Goettingen, Goettingen,
Germany
cDepartment of Radiology and Biomedical Imaging, Section of Interventional Radiology, Yale School of Medicine,
New Haven, CT, USA
dPfizer Pharma GmbH, Berlin, Germany
eWinicker Norimed GmbH, Nuremberg, Germany
f Medical Clinic II, J.W. Goethe University, Frankfurt, Germany
gDepartment of Urology, University of Muenster, Muenster, Germany
hDepartment of Urology, University Clinic of Erlangen, Erlangen, Germany
iDepartment of Urology, University Medical Center Hamburg-Eppendorf, Hamburg, Germany
jDepartment of Urology, Prostate Center, University Hospital Muenster, Muenster, Germany
kDepartment of Urology, Medical University of Graz, Graz, Austria

Received 23 August 2022
Accepted 3 May 2023
Pre-press 22 May 2023
Published 12 June 2023

Abstract.
Objective: To evaluate the effectiveness and safety profile of the tyrosine kinase inhibitor Axitinib for patients with advanced
or metastatic renal cell carcinoma (a/mRCC) in a real-world setting.
Methods: Adult patients from the German non-interventional post-approval multicenter STAR-TOR registry with a/mRCC
(NCT00700258) were included if treated with Axitinib in second line or beyond. Overall survival (OS), progression-free
survival (PFS) and adverse events were evaluated across subgroups using descriptive statistics and survival analyses.
Results: Between November 2012 and December 2020, 75 study sites recruited 210 patients treated with Axitinib (69,6%
male; median age 69 years; median Karnofsky Index 80%). Clear cell RCC was the most frequent histological subtype
(81.0%). Axitinib was administered as second-line in 51.4%, third-line in 24.8%, and fourth-line treatment and beyond in
23.8% of the patients, respectively. MSKCC score was 15.0% favorable, 33.6% intermediate, and 51.3% poor risk. Median
PFS was 5.6 months, and median OS 18.3 months. Patients with lactate dehydrogenase (LDH) levels > 300U/l had a nominally
significantly shorter OS than patients with LDH ≤ 300U/l (8.2 vs. 19.0 months, p = 0.008).
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Drug related adverse and serious adverse events were reported in 56.7% and 17.6% of the patients, respectively (most common
adverse event: gastrointestinal disorders; 37.6%).
Conclusions: This real-world study confirms the clinical relevance of Axitinib in the second-line and beyond setting for
a/mRCC with OS and PFS reported in concordance with pivotal trials, while demonstrating a favorable safety profile. A high
LDH serum level could be a negative predictive marker for Axitinib effectiveness, which can aid in clinical decision making.
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1. INTRODUCTION

Treatment of advanced or metastatic renal cell
carcinoma (a/mRCC) is continuously evolving, with
checkpoint inhibitors (CPIs) being now part of all first
line treatment regimens for suitable patients [1–3]. To
simultaneously target various tumor pathways, CPIs
are preferably administered as combination therapy
[1–3]. The approval of combined Pembrolizumab or
Avelumab and Axitinib for all a/mRCC risk groups
in 2019 has lately highlighted the clinical relevance
of the anti-VEGF tyrosine kinase inhibitor (TKI)
Axitinib [4, 5]. While now considered a first-line
treatment in combination with checkpoint inhibitors,
Axitinib monotherapy had originally been approved
in 2012 as second-line treatment after Sunitinib
or cytokines according to the pivotal AXIS trial
data [6]. The first phase III trial in which Axi-
tinib was evaluated as monotherapy in second-line
after cytokine or Sunitinib in mRCC patients demon-
strated a longer median progression-free survival
(PFS) of 6.7 months for Axitinib versus 4.7 months
for Sorafenib (p < 0.0001) [6].

Although combinations of CPI and targeted ther-
apy have demonstrated superior outcomes to previous
regimens, few of the targeted therapies have been
comprehensively examined for their efficacy and
adverse effect profile in a single-agent setting [7–9].
This complicates the assessment of the contribution
to efficacy and toxicity of each individual agent in
immunotherapy combinations.

In addition, Axitinib is one of the standard second
and third line treatment options after CPI-treatment
failure [10]. As demonstrated by a large-scale
national study in Germany, 56% of fist-line patients
progress to second-line, 29% to third-line, and up
to 13% to subsequent lines [11]. This context high-
lights the clinical relevance of Axitinib monotherapy,
even in the CPI era. A recent meta-analysis by Wen-
zel et al. suggests a better second-line median PFS
for Pazopanib after IO-failure, when compared to
Axitinib [12]. Yet, the authors themself admit their
analyses to be based on retrospective studies with

small sample size and heterogeneous patient pop-
ulations. Nevertheless, the study demonstrates that
Axitinib plays an important role as treatment option
for second and later lines.

Still, real-world data from large a/mRCC patient
cohorts treated with Axitinib is limited [13–18].

Therefore, this study aims to evaluate Axitinib as
a single-agent in the real-world setting. The study is
one of the largest patient cohorts with clinical rou-
tine data that has been published so far. The here
presented details bear several yet unknown but impor-
tant details that can aid in understanding the effects
seen in combination therapies.

MATERIAL AND METHODS

This study evaluates data originating from the
prospective STAR-TOR registry maintained by Pfizer
Pharma GmbH, Berlin, Germany, and was conducted
in accordance with the Declaration of Helsinki in
its most recent version. The STAR-TOR registry
received prior approval by the ethics committee of
Münster University Hospital in 2007 (Nr.2007-484-
f-S) and was registered in the US library of medicine
database (NCT00700258). The registry is intended to
evaluate the effectiveness, tolerability, and safety of
patients with advanced RCC, recurrent or refractory
mantle cell lymphoma and gastrointestinal stromal
tumors treated with a) Axitinib, b) Sunitinib, or c)
Temsirolimus in a routine clinical setting. Additional
details regarding the STAR-TOR registry have been
previously published [19–23].

Study cohort

For the here presented analyses, inclusion criteria
were histologically confirmed a/mRCC treated with
Axitinib as single-agent drug at the STAR-TOR study
centers between November 2012 and May 2020. The
STAR-TOR registry enrolled only adult patients after
giving written informed consent. All study centers
were located in Germany.
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Axitinib administration

The starting dose of Axitinib was 5 mg orally
twice per day (bis in die; b.i.d.). The dosage could
be changed according to tolerability or effectiveness
from 2 mg to 10 mg b.i.d.. It is the character of a
non-interventional trial that no exact provisions for
documentation could be made, and so patients from
first- to fourth-line and beyond were recruited. In
this analysis, however, only pretreated patients from
second line and beyond are evaluated.

Variables

Up to six lines of systemic therapy were docu-
mented.

The MSKCC score for pretreated patients
was calculated according to the algorithm pub-
lished by Motzer et al. [24]. Relevant factors
were Karnofsky performance status < 80%, low
serum hemoglobin (≤13 vs > 13 mg/dL for males
and ≤ 11.5 vs > 11.5 mg/dL for females), and high
corrected calcium (<10 vs ≥ 10 mg/dL). Documen-
tation of laboratory values was voluntary in this
non-interventional study, so not for all patients the
MSKCC score could be calculated.

Serum lactate dehydrogenase (LDH) levels were
assessed during the course of the therapy by local lab-
oratories. High LDH was defined as LDH level > 300
U/L. This cutoff was chosen because the MSKCC
score for treatment-naı̈ve patients rates a LDH con-
centration of 1.5 times the upper level of the normal
as risk factor [24].

Outcomes

A total of three primary outcome measures
were evaluated in this study: overall survival (OS),
progression-free survival (PFS), and adverse events
(AE). Follow-up visits were timed corresponding
to the clinical routine at the participating sites and
occurred in intervals of 8 to 12 weeks. At each follow-
up visit, the sites documented treatment status and
response, tumor staging, laboratory values, and AEs.
Participating study centers were randomly monitored
to ensure correct patient assessment and data entry.

OS was defined as time from the baseline visit at a
participating STAR-TOR center until death from any
cause. In case no death was documented, the subject
was censored with the latest available contact date.
PFS was defined as the time from the baseline visit to
the date of the progression event or death. If no pro-

gression was documented, the patient was censored
at the day of the last visit. In case these rules led to a
missing duration or a negative duration, PFS and OS
duration were set to “1 day”. If data were missing,
appropriate provisions were made in the statistical
analysis plan.

Response rate to treatment was evaluated accord-
ing to RECIST 1.1 [25]. Best response was
determined by the physician’s assessment at final
visit. If “best response” was missing or inconclusive,
it was derived from the best response documented
during previous follow-up visits. If response evalua-
tion at the study sites was not routinely performed
according to RECIST standards, the physician’s
assessment was accepted instead.

Study sites reported any AE according to NCI-
CTCAE criteria [26]. In the analyses used for this
publication, AEs were summed up in groups accord-
ing to NCI-CTCAE standards.

Statistical analyses

Continuous data were reported as median and
range. Categorial data were described using absolute
and relative frequencies (percent).

PFS and OS were visualized with Kaplan Meyer
plots and compared between subgroups using log
rank tests. Exploratory subgroup analyses for the
primary outcomes were performed for Axitinib treat-
ment line, patient age (≤65 vs.>65 years), MSKCC
prognosis group, histological subtype, and LDH lev-
els.

All analyses are univariate as multivariate models
would have demanded imputation of missing values
or exclusion of multiple patients with incomplete data
jeopardizing the informative value of our results.

All statistical analyses were conducted using SAS
software (version 9.2). All provided tests are two-
sided and have to be interpreted purely exploratively.

The statistical analyses were performed by Dr.
Thomas Fischer (Winicker-Norimed GmbH, Nurem-
berg, Germany).

RESULTS

Study cohort

A total of 210 patients from 75 study centers were
included in this study, with a median age of 69
years. Most patients were male (69.6% of 207) and
presented with a clear cell RCC (81% of 210), a high-
risk MSKCC score (51.3% of 113) and Karnofsky
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performance status ≤ 80% (60.8% of 204). Radical
nephrectomy was the predominant treatment modal-
ity (82.4% of 210), achieving a complete resection in
75.1% of n = 185 cases (R0 status).

With respect to metastatic sites upon inclusion in
the study, pulmonary metastases were most frequent
(52.4% of 210) followed by lymph node (31.4%)
and bone metastases (28.6%). All relevant baseline
characteristics are shown in Table 1.

Axitinib treatment

The majority of the patients received Axitinib as
second-line treatment (51.4%) over a median dura-
tion of 4.9 months, with Sunitinib being the most
common preceding drug (75.2%).

For 175 patients, data regarding changes of dosage
were reported. Between first and last dose there was
no change of dosage in 111 (63.4%) patients. In 52
(29.7%) patients the starting dose was reduced from
the first to the last application, in 12 (6.9%) patients
the dose was increased. A total of 67 patients (31.9%
of 210) permanently discontinued Axitinib, whereas
38 patients (18.8%.) temporarily interrupted their
treatment. Neither the length of the treatment pause,
nor the reason for the discontinuation were docu-
mented in the STAR-TOR register. Further details on
Axitinib treatment are provided in Table 2.

Axitinib treatment response

207 patients were analyzed for best overall
response. The clinical benefit rate of Axitinib was
50.7%: 3 patients (1.4%) experienced a complete
response (CR), 35 patients (16.9%) had partial remis-
sion (PR), and 67 patients (32.4%) experienced a
stable disease (SD). Progressive disease (PD) was
observed in 56 patients (27.1%). 46 patients were not
assessable. For 3 patients, response data were miss-
ing. Table A in the supplementary material shows the
response rates by therapeutic line. We did not detect
marked differences even though the results have to be
interpreted cautiously as patient numbers decreased
in later lines.

The overall median PFS was 5.6 months and
median OS was 18.3 months. Median PFS and OS for
108 second-line patients were 4.8 and 16.1 months.
Patients in later lines (n = 102) demonstrated numeri-
cally longer PFS (6.3 months) and OS (18.4 months),
respectively (p = 0.68 and 0.75).

For patients older than 65 years compared to
patients ≤ 65 years of age, PFS was noticeably longer

with 6.5 vs. 4.3 months (p = 0.005), whereas the OS
difference was only numerically longer with 18.4
vs. 15.6 months (p = 0.31). Detailed survival data are
shown in Table 3.

As depicted in Fig. 1, survival also differed rel-
evantly by MSKCC prognosis group: median PFS
for patients with favorable, intermediate, and poor
risk was 10.5, 5.7, and 3.5 months (p = 0.01). For the
respective prognosis groups, OS also differed with a
median of 37.6, 25.8 and 9.3 months (p = 0.004).

Clear cell RCC patients and those with non-clear
cell histologies had similar outcomes in terms of PFS
(5.6 and 5.8 months, p = 0.19) and OS (18.3 and 22.2
months, p = 0.28). Due to small numbers, non-clear
cell histologies were not differentiated further.

Patients with high baseline LDH levels showed
a worse OS and PFS than patients with LDH lev-
els ≤ 300 U/l (OS: 8.2 vs. 19.0 months, p = 0.008;
PFS: 5.1 vs 6.2 months, p = 0.15). The corresponding
Kaplan-Meier plots are also shown in Fig. 1.

Adverse events

The 75 participating centers reported at least one
treatment-related AE for a total of 119 patients
(56.7%). CTCAE grade 3 and 4 events were reported
in 37 patients (17.6%). The most frequently reported
AEs were gastrointestinal disorders (37.6%), general
disorders (21.0%), and skin and subcutaneous tis-
sue disorders (16.2%). Vascular disorders (primarily
hypertension of any grade) were reported in 7.6%
of the patients. Table 4 shows all AEs which were
reported with a frequency of ≥ 2%, according to the
Medical Dictionary for Regulatory Activities Med-
DRA [27].

DISCUSSION

In the ever-evolving landscape of systemic treat-
ment for a/mRCC, current guidelines advocate for
combined targeting of various tumor pathways,
including CPIs and TKIs [1–3]. Still, the real-world
evidence on the effectiveness and adverse event pro-
file on the TKI Axitinib as a single-agent is limited,
in particular in a prospective multicenter setting in a
European-based patient cohort.

Here, the results of the multicenter STAR-TOR
Axitinib cohort are reported, which is one of the
largest real-world Axitinib datasets. In this analysis,
Axitinib yielded a median PFS of 5.6 months and OS
of 18.3 months in a/mRCC patients in second-line
treatment and beyond.
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Table 1
Patient demographics, tumor variables and treatment characteristics

Patient number, Median
total n = 210 (range) %

Age, median, years 210 69 (28-84)
Gender, male/female 207 69.6 / 30.4
Risk assessment according to MSKCC * 113

favorable risk 17 15.0
intermediate risk 38 33.6
high risk 58 51.3

Karnofsky performance status 204 80 (50-100)
T stage 210

T1 48 22.9
T2 38 18.1
T3 95 45.2
T4 10 4.8
TX or missing 19 9.0

N stage 210
N0 100 47.6
N1 19 9.0
N2 18 8.6
NX or missing 73 34.8

M stage 210
M0 79 37.6
M1 77 36.7
MX or missing 54 25.7

Histological subtype † 210
Clear cell 170 81.0
Papillary 27 12.9
Chromophobe 4 1.9
Other 8 3.8
Unclassified 5 2.4

Nephrectomy 210
total nephrectomy 173 82.4
partial nephrectomy 16 7.6
no nephrectomy 21 10.0

Primary tumor resection 185
R0 139 75.1
R+ 46 24.9

Additional radiation therapy 142
Yes 9 6.3
No 133 93.7

Location of metastases at diagnosis ‡ 210
Lung 110 52.4
Lymph nodes 66 31.4
Bone 60 28.6
Liver 52 24.8
Adrenal gland 21 10.0
Contralateral kidney 10 4.8
Central nervous system 8 3.8
Other 46 21.9

Number of metastatic sites 210 2 (0-6)
LDH level in serum 163

≤300 U/l 131 80.4
>300 U/l 32 19.6

* the MSKCC score for pretreated patients was calculated. † multiple types possible. ‡multiple
entries allowed.

High serum LDH levels were identified as a poten-
tial prognostic marker of unfavorable outcome: LDH
levels > 300U/l were associated with a clinically rel-
evant shorter OS than LDH levels < 300U/l (8.2 vs.
19.0 months, p = 0.008).

The STAR-TOR real-world data compares well to
the phase III AXIS trial evaluating Axitinib versus
Sorafenib as second-line treatment in mRCC [6, 28].
The AXIS trial reported a median PFS of 4.8 months
for patients pretreated with Sunitinib and median OS
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Table 2
Details of Axitinib treatment

Patient number, Median
total n = 210 (range) %

Axitinib was used in 210
Second-line 108 51.4
Third-line 52 24.8
Fourth-line 22 10.5
≥Fifth-line and beyond 28 13.3

Number of previous systemic therapies 210 1 (1-5)
Previous systemic therapies‡

Sunitinib 158 75.2
Pazopanib 68 32.4
Everolimus 54 25.7
Sorafenib 39 18.6
Interferon 20 9.5
Nivolumab 15 7.1
Bevacizumab 12 5.7
Cabozantinib 7 3.3
Interleukin 5 2.4
5-Fluorouracil 3 1.4
Ipilimumab 1 0.5
Lenvatinib 1 0.5
Mitomycin-C 1 0.5
Vinblastine 1 0.5
Investigational Drug 1 0.5

Treatment duration * 186 4.9 (0-59.6)
Duration of survival follow-up 119 10.9 (0-55.1)
Therapy discontinuation 210

Temporary 38 18.1
Permanent 67 31.9

‡ multiple entries allowed. * only available for pts with final examination.

Table 3
Progression-free and overall survival according to patient subgroups

Patient Progression-free Overall
number survival survival

n Months Months

All patients 210 5.6 18.3
Second line patients 108 4.8 16.1
≥Third line patients 102 6.3 18.4
Favourable risk patients *† 17 10.5 37.6
Intermediate risk patients *† 38 5.7 25.8
Poor risk patients *† 58 3.5 9.3
Patients with LDH ≤ 300 U/l † 131 6.2 19.0
Patients with LDH > 300 U/l † 32 5.1 8.2
Patients with clear cell histology 170 5.6 18.3
Patients with other histologies 40 5.8 22.2
Patients with bone metastases 60 5.2 12.7

* MSKCC score for pretreated patients. † exploratorative analysis proved statistical significance
with p < 0.05.

of 15.2 months, including 33% of MSKCC poor-risk
patients.

To provide a comprehensive overview of the lit-
erature, Table 5 summarizes outcomes from studies
evaluating Axitinib for a/mRCC. Compared to other
studies, the STAR-TOR cohort included the high-
est proportion of MSKCC poor-risk patients (51.3%

vs.15.5% and 37% in the studies by Facchini et al.
and Rini et al.) [6, 9, 13–17].

Interestingly, despite the inclusion of a remark-
able number of poor-risk patients, PFS and OS rates
in the STAR-TOR registry are comparable to those
reported in other studies. For example, Rini et al.
described a median PFS of 6.7 months and OS of
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Fig. 1. Progression-Free and Overall Survival according to LDH level and MSKCC risk score.

Table 4
Axitinib-associated adverse events according to the Medical Dictionary

for Regulatory Activities MedDRA [27]

n=210
total (%) Grade 3/4 (%)

Total no. of patients with AE 56.7 17.6
Gastrointestinal disorders 37.6 8.1
General disorders 21.0 4.3
Skin and subcutaneous tissue disorders 16.2 1.0
Investigations* 10.5 1.0
Metabolism and nutrition disorders 11.4 3.3
Nervous system disorders 9.5 3.3
Respiratory, thoracic and mediastinal disorders 9.5 1.9
Vascular disorders 7.6 2.4
Endocrine disorders 5.7 0.0
Infections and infestations 4.3 1.9
Musculoskeletal and connective tissue disorders 3.8 0.5
Cardiac disorders 2.4 1.4
Blood and lymphatic system disorders 2.9 0.0
Neoplasms, benign, malignant and unspecified 2.4 0.0

*Investigations: collective term for abnormal laboratory values, and examination results such
as ECG- and echocardiography results.

20.1 months for their total study population and 4.8
and 15.2 months for the patients pretreated with Suni-
tinib, respectively. This compares well to 5.6 and 18.3
months in the STAR-TOR cohort, respectively [6,
28]. These observations could lead to the interpreta-

tion that even in poor-risk a/mRCC patients Axitinib
yields a high effectiveness. Still, longer PFS and
OS rates than reported in Caucasian patients were
described in Japanese populations by Miyake et al.
and Osawa et al., although the retrospective design
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Table 5
Selection of Axitinib real-world data (empty table element = no data available)

n Risk stratification, % Overall response rate, % PFS OS

good int. poor CR PR SD PD months months

Rini et al., 2011 [6]; 361 28 * 37 * 33 * 0 19 50 22 6.7 20.1
Motzer et al., 2013 [28]

MacLean, 2016 [13] 659 † NA NA NA NA NA NA NA 3.8 † NA
Hutson et al., 2017 [14] 135 NA NA NA NA NA NA NA 4.6 � NA
Matias et al., 2017 [15] 106 13 ‡ 54 ‡ 32 ‡ 0 32 40 27 8.3 16.4
Miyake et al., 2017 [16] 124 6.5 † 67.7 † 25.8 † 0 16.9 70.2 9.7 9.3 27.0
Facchini et al., 2019 [17] 148 24.3 ‡ 60.1‡ 15.5 ‡ 0.6 16.0 54.0 29.4 7.1 15.5
Osawa et al., 2020 [18] 485 12.2 ‡ 64.3 ‡ 19.6 ‡ 2.3 19.8 56.1 20.6 13 34
Uhlig et al., this publication 210 15.0 * 33.6 * 51.3 * 1.5 15.7 34.0 26.4 5.6 18.3

* MSKCC score for pretreated patients. † only second line subset (data for the total population not available), no PFS but duration of treatment
given. ‡ IMDC risk score. � no PFS but duration of treatment given. Abbreviations: CR: complete remission, NA: Not Available; PR: partial
remission, SD: stable disease, PD: progressive disease, PFS: progression-free survival, OS: overall survival.

and exclusion of roughly 10% of patients with treat-
ment duration of less than 1 month in the latter trial
may have distorted the results [16, 18].

While the overall benefit rate of Axitinib in the
STAR-TOR registry with 50.7% was lower than that
reported in other studies, these differences might
partly result from missing data in almost 23% of the
patients owing to the STAR-TOR registry´s design.
This assumption is further supported by a disease pro-
gression rate of 30.5%, which is comparable to the
most recent Axitinib studies by Facchini et al. and
Osawa et al. [17, 18]. We did not observe marked
differences in response rates when comparing the
therapeutic lines. Similarly, Osawa et al. did not iden-
tify treatment line as a significant predictor of OS
[18]. Yet, Matias et al. reported significantly longer
PFS and OS for patients in second-line treatment ver-
sus third or later line [15] A publication by Graham
et al. investigated PFS and ORR for patients treated
with VEGFR-TKIs (Axitinib, Sunitinib, Cabozan-
tinib, Pazopanib, Bevacizumab, and Sorafenib). The
authors reported for second, third, fourth and later
lines increasing PFS with 3.8, 5.7, and 6.1 months
but decreasing ORR of 23%, 22%, and 10% [29]. We
suppose that a strong selection bias may lead to the
observed effects.

Regarding Axitinib-related AEs, there is heteroge-
neous data from the STAR-TOR cohort. On one hand,
the rate of gastrointestinal AEs of 37.6% (including
29% diarrhea) is consistent with data obtained from
other real-world datasets: Facchini et al. described
gastrointestinal disorders in 36.5% of their Axitinib
patients and Osawa et al. reported 22.5% of the
patients from a Japanese to suffer from diarrhea [17,
18]. On the other hand, the rate of vascular disorders
in the STAR-TOR registry (mainly arterial hyper-

tension) with 7.6% was unexpectedly low: Miyake
et al. reported hypertension in 58.9% of patients,
while hypertension was evident in 40% of patients
in the AXIS trial [6, 16]. One reason for these
discrepancies might be a higher prevalence of pre-
treated and thus compensated hypertension among
real-world patients enrolled in the STAR-TOR reg-
istry compared to the randomized controlled AXIS
trial. Also, varying comedications and comorbidi-
ties might contribute to the observed differences.
Finally, worsening, or new-onset hypertension might
be clinically underreported in the real-world setting,
as elevated blood pressure could be deemed clinically
less relevant than other treatment-related AEs, such
as gastrointestinal disorders.

Patients’ serum LDH levels were identified as a
prognostic marker for survival in this study, where
patients with lower LDH levels had a larger clinical
benefit from Axitinib treatment in terms of longer OS
than those with high LDH levels (median OS 19 vs.
8.2 months, p = 0.008). While the prognostic poten-
tial of LDH levels has so far been not described for
Axitinib, other authors have reported similar results
with favorable outcomes in mRCC patients with low
LDH levels treated with Temsirolimus or interferon
alpha [30]. Furthermore, a high serum LDH level is
well known to be associated with poor survival in
other solid tumors [31].

Interestingly, similar results were reported for
patients with clear-cell and non-clear-cell RCC
treated with Axitinib in this study. Still, the results
need to be interpreted carefully given the small num-
ber of non-clear-cell RCC patients in our analysis.
In particular, since the authors of other publications
reported worse treatment outcomes for non-clear-cell
histologies [32, 33].
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The here presented study is not devoid of limita-
tions, which are mainly rooted in its design: First,
there were missing data across several variables,
which is inherent in the nature of a non-interventional
trial. While this data unavailability could have dis-
torted our findings, the monitoring of participating
STAR-TOR centers reduced the risk of relevant bias.
Nevertheless, missing MSKCC score data in almost
50% of cases may have impacted the power of our sta-
tistical comparisons of patient survival by risk group.

The design as a register study may yield a certain
degree of imprecision regarding the outcome mea-
sures. Although all STAR-TOR sites were exhorted to
use the RECIST 1.1. criteria, this was not mandatory
and radiological assessment of treatment response
may lack precision. Likewise, monitoring of adverse
events may lack precision as not all physicians used
CTCAE.

Second, this study does not provide information
about the treatment effectiveness of Axitinib with
regard to the type of first-line treatment received since
these data were not captured due to the design of
the STAR-TOR registry. Furthermore, our study does
not include the effect of Axitinib in immunotherapy
combinations. Given the recent approval of Axitinib
in combination with Pembrolizumab or Avelumab as
first-line treatment for mRCC, these data have not
been generated in clinical routine registers yet, as
patient accrual must increase to provide adequately
powered analyses.

Third, our results have to be compared carefully
to studies using other methods of risk stratification,
such as the IMDC score, even though we consider
the MSKCC score used in this study for pretreated
patients as an adequate proxy.

Finally, one cannot discount some reporting bias
in a phase IV observational, multicenter design like
the STAR-TOR registry even though participating
centers were randomly monitored. This restriction,
however, applies for any data acquisition in the every-
day clinical routine setting.

Nevertheless, our study provides important evi-
dence contributing to the existing knowledge
concerning Axitinib beyond first line. Notwith-
standing the many publications involving treatment
strategies with Axitinib, data on real-world experi-
ence is sparse:

Our literature search yielded only five other real-
world studies [13, 15–18]. Yet, the patient cohorts
of Matias et al., Miyake et al., and Facchini et al.
were of only about half the size than our study cohort
with 210 individuals [15–17]. In addition, the largest

publication by Mac Lean et al. with 659 patients did
not report on adverse events [13]. Therapeutic lines
later than second line were analyzed only by three
studies with the publication by Osawa et al. present-
ing no data beyond third line [13, 15, 18]. Our study
presents multicenter data what also holds true only
for three of the other the publications [13, 17, 18]. As
the studies by Miyake et al. and Osawa et al. report
exclusively data on Japanese patients there seems to
be limited comparable evidence for European patient
populations [16, 18]. Another important point is that
except our study only the publication by Matias et al.
reports on prospectively collected data [15].

CONCLUSIONS

This real-world study confirms the clinical rel-
evance of Axitinib for a/mRCC treatment. Its
effectiveness is not only of value in the immunother-
apy combinations but also as single-agent in the
second-line and beyond setting. Although a high
proportion of patients with unfavorable MSKCC
poor-risk group were included, OS and PFS were in
concordance with pivotal trials, while demonstrating
a favorable safety profile. A high LDH serum level
seems to be a negative prognostic marker for Axi-
tinib effectiveness, which can aid in clinical decision
making.
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Appendix:

Table A
Response rates by therapeutic line

Best response

CR PR SD PD NA sum

therapeutic line
2nd 3 (2.9) 17 (16.2) 31 (29.5) 32 (30.5) 22 (21.0) 105
3rd 0 (0.0) 10 (18.5) 19 (35.2) 11 (20.4) 14 (25.9) 54
4th 0 (0.0) 5 (23.8) 7 (33.3) 6 (28.6) 3 (14.3) 21
≥5th 0 (0.0) 3 (11.1) 10 (37.0) 7 (25.9) 7 (25.9) 27

Sum 3 (1.4) 35 (16.9) 67 (32.4) 56 (27.1) 46 (22.2) 207

Abbreviations: CR: complete remission, NA: Not Available; PR: partial remission, SD: stable disease, PD: progressive disease.


