Med Oncol (2012) 29:2870-2876
DOI 10.1007/s12032-012-0216-x

ORIGINAL PAPER

A phase II trial of temsirolimus in second-line metastatic

urothelial cancer

H. Gerullis + C. Eimer - T. H. Ecke -
E. Georgas - C. Freitas - S. Kastenholz -
C. Arndt - C. Heusch - T. Otto

Received: 12 December 2011/ Accepted: 10 March 2012 /Published online: 25 March 2012

© Springer Science+Business Media, LLC 2012

Abstract This phase II trial assessed temsirolimus, an
inhibitor of mammalian target of rapamycin (mTOR), as
second-line therapy in patients with metastatic transitional
carcinoma of the urothelium (TCCU) after failure of plati-
num containing therapy. From June/2009 to June/2011, we
enrolled 15 patients in this trial. Primary endpoint was
overall survival, as secondary endpoints we defined time to
disease progression, safety and QoL along treatment.
Patients with progressive TCCU after prior platinum-based
chemotherapy received weekly 25 mg of temsirolimus for
8 weeks. Evaluation for response was accomplished every
8 weeks according to the RECIST criteria, QoL assessment
was done every 4 weeks using the QLQ-C30 questionnaire,
adverse events (AEs) were recorded and graded using NCI-
CTC criteria. Fifteen patients were enrolled in this study, of
whom 14 (93 %) were available for activity, safety and QoL
assessment. We treated 10 (71 %) male and 4 female (29 %)
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patients. Median age was 64,7 years (45-76). Patients
received on average 13 (3—15) infusions of temsirolimus. As
per protocol, no sufficient benefit on overall survival was
observed, we early stopped the study after 14 patients.
Median time to progression was 2.5 months (77 days),
median overall survival was 3.5 months (107 days). Four
patients with stable disease were observed. QoL assessment
along treatment revealed a reduction of EORTC-QLQ-C30,
Global Health Status subscale, from initial 7.86 to 5.00.
Temsirolimus was well tolerated. As Grade 3—4 adverse
events, we observed fatigue (n = 2), leukopenia (n = 2) and
thrombopenia (n = 2). All other adverse events were graded
1-2 in nature. Temsirolimus seems to have poor activity in
patients with progressive metastasized TCCU after failure
of platinum containing first-line therapy.
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Abbreviations

TCCU Transitional cell carcinoma of the urothelium

(0N} Overall survival

TTP Time to progression

RR Response rate

AE Adverse event

QoL Quality of life

BSC Best supportive care

mRCC Metastatic renal cell carcinoma

TWIST Time without symptoms and

Q-TWiST Quality adjusted time without symptoms and
toxicity

CT Computed tomography

GC Gemcitabine/cisplatin

EMA European medicines agency
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Introduction

Transitional cell carcinoma of the urothelium is known to
be sensitive for chemotherapy. The two first-line chemo-
therapy regimens for metastatic urothelial carcinoma that
have been widely adopted combine either cisplatin and
gemcitabine (GC) or methotrexate, vinblastine, doxorubi-
cin and cisplatin (MVAC) [1]. In metastatic disease, che-
motherapy is rarely curative, and most of the clinically
localized cancers relapse after first-line therapy. To date,
various drugs have been investigated in the second-line
setting for metastatic or advanced TCCU, including many
of the newer targeted agents that were initially approved
for mRCC. So far, only two randomized phase III trials
investigating second-line chemotherapy in advanced
TCCU have been reported [2, 3]. After years without
standard second-line therapy for patients with advanced
urothelial cancer, vinflunine was approved in 2009 by the
EMA because of a survival advantage of 2.4 months over
best supportive care (BSC). Since then, several new drugs
have been tested in this configuration. However, due to the
lack of convincing results, none passed the phase II setting
of clinical investigation.

Although mammalian target of rapamycin (mTOR)
inhibition seems to be an attractive therapeutic strategy for
TCCU, the development of clinical trials with mTOR
inhibitors in this setting has been quite slow. It is known
that on the molecular level, cell lines representing
advanced tumors differ from those representing superficial
cancer cells. Thus in preclinical studies, predominantly
advanced cell lines have been investigated. Wu and col-
leagues investigated 4 different TCCU cell lines, T24, J82
and UMUC-3 as widely used and representative of
advanced bladder cancer and RT4 being more representa-
tive for superficial tumor cells. They found out that phos-
phatase and tensin homolog mutations are present in about
30 % of patients with TCCU, and the phosphatidylinositol
3-kinase pathway regulates TCC cell invasion [4]. Animal
studies for one mTOR inhibitor, everolimus, suggest
remarkable antitumor activity in TCCU, confirming the
effects seen in vitro when analyzing transitional carcinoma
cell lines representing invasive or metastatic manifestations
as UM-UC lines and the 253-JP and 253 J-BV cell lines
[5]. A new mTOR inhibitor, temsirolimus, significantly
reduced cell viability and induced apoptosis and cell cycle
arrest in bladder cancer cell lines [6]. In conclusion, mMTOR
inhibition was considered to be an attractive therapeutic
strategy for this disease.

Herein, we present the results of a phase II clinical trial,
which evaluated the clinical activity and tolerability of
temsirolimus as second-line treatment after platin failure
for patients with locally advanced or metastatic TCCU.

Materials and methods
Patient population

From June/2009 through June/2011, we enrolled 15
patients in this phase II trial.

All patients provided written informed consent prior to
enrollment. Eligible patients had to be 18 years or older
with a minimum karnofsky performance status (KPS) of
60 %. Pathologically documented and measurable locally
advanced or metastatic TCCU of the urinary bladder or
upper urinary tract with documented disease progression
after first-line platinum-based therapy was required for
entering the study. Prior surgical cure was not a require-
ment for being enrolled. Patients had to be disease-free
from other malignancies within the 2 years preceding study
entry except basalioma of the skin. Patients who had
received chemo- or radiation therapy within the preceding
30 days or who had participated in a clinical trial within
the preceding 60 days were not eligible for enrollment.
Included patients were required to have acceptable organ
function as indicated by a (1) serum creatinine <3.0 mg/dl
(2) leukocyte count zl,SOO/mm3 and platelets >100,000/
mm?>; hemoglobin >7 g/dl and (3) SGOT (AST) < three
times upper limit of normal.

Study design and treatment plan

The study protocol of this investigator-initiated trial was
approved by the local ethics committee and regulatory
agencies. We performed this clinical trial in compliance
with good clinical practice and the guiding principles of the
declaration of Helsinki. This trial was designed as a
monocentric, non-randomized, open-label phase II study
with the primary endpoint being overall survival. Second-
ary endpoints included time to disease progression, safety
and QoL along treatment using the QLQ-C30 questionnaire
[7]. The pre-treatment evaluation included a complete
medical history as well as a complete physical examina-
tion. Baseline radiographic studies included abdominal and
pelvic computerized tomography (CT) scans and chest
radiograph. When clinically indicated, additional bone
scans, chest CT and head CT were performed. Radio-
graphic studies and definition of target lesions were
required to be performed within 21 days of enrollment.
Additional baseline studies included electrocardiogram
(ECG), complete blood count with differential (CBC),
serum chemistries including creatinine, liver functional
parameters, T3, T4, TSH blood sugar. Physical examina-
tion, ECG and bloodwork were repeated prior to each
administration of therapy. Temsirolimus was given i.v. at a
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dose of 25 mg in a weekly 30-min intravenous infusion for
8 consecutive weeks. Premedication with 50 mg of intra-
venous dimetindenmaleat or a similar H1 blocker was
given approximately 30 min prior to each weekly temsi-
rolimus infusion as prophylaxis against allergic reactions
[8]. The patients were evaluated for response every
8 weeks according to the RECIST 1.1 criteria [9]. QoL
assessment was done every 4 weeks using the “Global
Health Status™ section of the QLQ-C30 questionnaire. All
adverse events (AEs) were recorded and graded using NCI-
CTC criteria. Standard serum chemistries and hematology
parameters were monitored weekly. Treatment was con-
tinued until disease progression, withdrawal from the study
because of unacceptable toxicity, or decrease in QoL score
more than 20 scoring points on QLQ-C30 compared to the
previous assessment result. Patients with objective remis-
sion or stable disease at the end of 8 applications were
continued on therapy for at least 8 additional applications
or until disease progression. When progression was clini-
cally suspected, radiologic assessment could be performed
earlier than every 8 weeks. Therapy with temsirolimus was
scheduled to continue indefinitely in patients with either
stable or responding disease until disease progression,
patient intolerance or at the discretion of the investigator.
Following RECIST 1.1, we defined complete response
(CR) as the complete disappearance of all clinically
detectable target lesions, any pathological lymph node was
defined to have reduction to <10 mm. A partial response
(PR) was determined by at least 30 % decrease in the sum
of diameters of target lesions. Progressive disease (PD) was
defined as at least 20 % increase in the sum of diameters of
target lesions, taking as reference the smallest sum on
study. Additionally, the sum was determined to show an
absolute increase of at least 5 mm as well as the appear-
ance of one or more new lesions was defined as progres-
sion. Stable disease (SD) was defined as neither sufficient
tumor shrinkage to qualify for PR nor sufficient increase to
qualify for PD. For statistical considerations, we used a
two-stage design as suggested by Gehan et al. [10] to define
the total number of patients [10]. We set an OS of
6 months as the target benefit level and choose 40 % as
lowest overall response rate of interest. For a total of 25
calculated patients, 14 were planned to be accrued during
the first stage and at least 11 during the possible second
stage. If none of the first 14 treated patients would reach
the target benefit level, the study was predicted to be fin-
ished. If 5 or fewer patients with an OS of 6 months were
observed by the end of the second stage, then no further
investigation of the drug would be considered warranted in
this indication.

Time to progression and survival were measured from
the date of trial registration to the date of confirmed disease
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progression and to the date last known alive or of death,
respectively. Estimated time to progression and survival
were calculated by the Kaplan—-Meier method [11].

Results
Patient characteristics

Between June 2009 and June 2011, fifteen patients were
accrued to this study. One patient died prior to receiving
the study medication. Hence, this patient was therefore
deemed ineligible, leaving 14 eligible patients available for
activity and safety assessment. The majority of the patients
were male, with 21 % of the patients aged >75 years.
Mean age of the patients was 66 years (range 45-76).
78.6 % (11/14) of patients had the bladder as their primary
site of disease, whereas 22.4 % (3/14) had renal pelvis or
ureter as primary tumor localization. Previous ablative
surgery was performed in 12/14 (85.7 %) of the treated
patients. All patients had previously received systemic
platinum-based chemotherapy combinations for metastatic
disease. The most common first-line platinum-based che-
motherapy regimen was GC (100 %). Additionally, two
patients had received chemotherapy combinations involv-
ing paclitaxel and carboplatin along the treatment course.
Two patients had received radiation therapy. At average,
patients received 3.6 (2-10) chemotherapy cycles prior to
study inclusion. Disease duration from initial diagnosis to
study enrollment was 2.6 years. Patient characteristics are
displayed in Table 1.

Response and survival

A total of 107 applications of temsirolimus were admin-
istered to the 14 patients resulting in a mean applied total
dosis of 188 mg of temsirolimus. The mean number of
applications of study treatment was 13 (range 3-15). Four
of the 14 eligible patients responded to therapy with tran-
sient stabilization of disease. Median overall survival of the
group was 3.5 months (107 days). Median time to disease
progression was 2.5 months (77 days) (Fig. la 4 b).

QoL/Safety

QoL assessment using the “Global Health Status” of the
QLQ-C30 questionnaire revealed a moderate reduction of
the score from 7.68 to 5.00 along treatment. Table 2 and
Fig. 2 display how patients evaluated their global health
status along treatment duration. All treated patients
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Table 1 Patient characteristics at baseline

Age

Mean age

Gender

Male

Female

Primary tumor localization

Bladder

Renal pelvis/ureter

Prior therapy

Systemic chemotherapy gemcitabine/
cisplatin

Additional chemotherapy regimens

Radiotherapy

Prior chemotherapy

For metastatic disease

As adjuvant chemotherapy

Sites of disease

Liver

Lung

Bone

Soft tissue

Lymph node

Others

No. of metastatic sites

>3

<3

Study medication

No. of applications

Dosis

Prior ablative surgery

Radical cystectomy with
urinary diversion

Nephroureterectomy
Karnofsky performance status
100

90

64.7 (45-76)

10/14 (71.4 %)
4114 (28.6 %)

11/14 (78.6 %)
3/14 (22.4 %)

14/14 (100 %)

3/14 (21.4 %)
2/14 (14.3 %)

14/14 (100 %)
0/14 (0 %)

W —= W A~ B~ W
—

10/14 (71 %)
4/14 (29 %)

7.6 (range 3-15)
182.1 mg (range
75-375)

12/14 (85.7 %)
9/11 (81.8 %)

3/3 (100 %)

5/14 (35.7 %)
9/14 (64.3 %)

(N = 14) were assessable for toxicity. There were no
treatment-related deaths. Overall, therapy with temsiroli-
mus was reasonably well tolerated. Clinically significant
hematologic toxicity manifested primarily as thrombocy-
temia/granulocytopenia and was observed as Grade 3/4
treatment-related toxic effects in 2 patients with thrombo-
cytopenia and 2 patients, with pancytopenia respectively.
Treatment interruption because of thrombocytopenia was
necessary for 5 weeks in one patient. Fatigue was the only
non-hematologic Grade 3 or 4 adverse event, seen in 4
patients. The relevant adverse events are displayed in
Table 3.
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Fig. 1 Kaplan—-Meier curves for a overall survival and b time to
progression

Discussion

The main treatment objective in the management of patients
with advanced, metastasized transitional cell carcinoma
remains palliation of disease-related symptoms at minimal
additional drug-related toxicity. Many patients with
advanced bladder cancer have multiple comorbidities and
normally show a reduced performance status after several
previous therapies. In this context, novel agents that may
have less toxicity are worth being tested in the second-line
setting. Primarily in investigator-initiated trials, oncologic
activity of temsirolimus was clinically investigated in
numerous solid and hematologic cancers. As temsirolimus
has shown moderate toxicity profiles in phase I trials, the
drug was predominantly tested in malignancies for which
few or no effective treatment options exist, including
advanced, relapsed or refractory disease. Among the
numerous phase II trials with temsirolimus in other tumor
entities, there are few comparable studies to the one pre-
sented here. A literature search revealed 5 studies that
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Table 2 QoL Assessment

Assessment Answered (%) Mean subscore

questionnaires “Global health status”
1. Evaluation 14 (100) 7.86
2. Evaluation 14 (100) 6.50
3. Evaluation 11 (78.6) 6.00
4. Evaluation 3(214) 6.00
5. Evaluation 2 (14.3) 5.00

Questions 29 4 30 of the EORTC-QLQ-C30 per study visit, safety
cohort, N = 14, mean subscore “global health status”

Global Health Status

6
54
4+
34
24
11
0+ v - - .
1 2 3 4 5

Fig. 2 EORTC-QLQ-C30 subscale (questions 29 + 30) “Global
Health Status” along treatment

Table 3 Adverse events

Adverse event Grade 1 + 2 Grade 3 + 4

Fatigue 2
Skin rash
Hypertension
Thrombopenia
Neutropenia
Mucositis

Others

(LT L "2 NS T NS T (S I

Toxicity of temsirolimus in treatment of metastasized TCCU. Safety
cohort N = 14

Numbers under the grade display the amount of patients presenting
this adverse event as their worst toxicity

investigated temsirolimus in advanced solid tumors with
prior chemotherapy failure that were comparable to the
study reported here [12-16]. The drug was mainly admin-
istered in doses ranging from 25 to 250 mg; however in
those trials, only little or no activity could be attributed to
temsirolimus (in contrast to chemo-naive tumors) that is in
concordance to our results. On the basis of those findings and
the results from a phase II study in mRCC, we decided to
apply temsirolimus in the 25-mg dosis in order to reduce
possible dose-related additional toxicities [17]. Although
response rates (considered the gold standard for testing
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single agents in previously treated patients) do not always
correlate with improved survival, we defined overall sur-
vival (OS) as primary endpoint in this trial. Time to pro-
gression, safety and QoL were defined as secondary
endpoints. As per protocol, this study was closed after
enrollment of the minimum required number of 14 patients
since the primary endpoint, prolongation of overall survival
was not met, and further application of temsirolimus was not
considered warranted. Median OS had reached 3.5 months
(107 days) at this point and did not reach the overall survival
previously described for BSC in a phase III trial evaluating
vinflunine as standard treatment for this indication in Europe
[2]. While the primary endpoint was not met, nearly one-
third of patients (29 %) derived some clinical benefit in
terms of transient disease stabilization. The median time to
progression of 2.5 months is comparable to durations
observed in previously reported studies in the same setting
[18]. Thus on this base, temsirolimus had modest activity as
second-line treatment in advanced TCCU. When analyzing
oncologic activity in clinical trials in the palliative second-
line setting of advanced TCCU, appropriate outcome criteria
that mostly serve to fit the patients’ real requirements should
be implemented into the study design. In our opinion, the
aim of chemotherapy treatment in this setting should be a
prolonged survival at lowest toxicity and at highest
achievable QoL. In contrast to complete remission, the
impact of response rates (RR) or stable disease on overall
survival is low [19, 20]. Therefore, the data have to be
interpreted carefully, and the achieved results in this trial of
clinical benefit in 29 % with 4/14 disease stabilizations have
to be balanced against the poor OS. Only one patient got
benefit in terms of prolonged survival also receiving addi-
tional vinflunine therapy [21]. Two recent phase II studies in
a similar setting with vinflunine underscore that an elevated
RR does not imperatively correlate with improved survival.
Culine and co-workers achieved an OS of 6.6 months at a
RR of 18 %, whereas a consecutive larger phase II study
with 15 % RR ended up in a prolonged OS of 8.8 months.
Compared to other second-line studies in TCCU, we note a
reduced OS rate in our patients, which may be caused by the
poor prognostic features of the patients enrolled here. The
moderate reduction in the “Global Health Status” from 7.68
to 5.00 along treatment reflects the appropriate tolerability
of the drug in this setting and suggests that at least QoL has
not been dramatically decreased by the treatment. This
hypothesis is supported by the moderate toxicity profile with
a total of only 6 Grade 3/4 AE‘s.

Patient selection can significantly influence the onco-
logic outcome of phase II clinical trials in advanced
bladder cancer. Bajorin and co-workers have characterized
prognostic factors with impact on survival as KPS and
involvement of visceral metastases [22]. In addition to
those factors, Bellmunt and colleagues recently identified
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additional pretreatment prognostic factors for overall sur-
vival (OS) in patients with mTCCU after treatment failure
with the first-line, platinum-based regimen when reana-
lyzing results of their phase III vinflunine trial [23]. On the
basis of a multivariate and internal validation, they iden-
tified three main adverse prognostic factors for OS: (1)
ECOG performance status (PS) more than 0, (2) hemo-
globin level <10 g/dL. and (3) the presence of liver
metastases. On that basis, they developed a scoring system
that classifies patients with platinum-refractory disease on
second-line chemotherapy into four risk groups with dif-
ferent outcome. Although not yet implemented in our trial,
this scoring system is likely to be used in the future when
designing trials for the second-line setting or for single
agent or combination approaches.

Moreover, in this palliative setting, additional factors are
likely to influence response rates, including the time to
disease progression, the drugs initially received and the
setting of initial chemotherapy (adjuvant/neoadjuvant vs
therapy for metastatic disease). In this study, 13/14 patients
had visceral metastases as unfavorable prognostic marker,
none of the patients had a KPS <80, thus according to
Bajorin, 93 % of the included patients had one risk factor.
It is important to note that patients treated in this study had
all been diagnosed with metastatic disease prior to initial
chemotherapy, thus decreasing their prognostic disposition
prior to first- and second-line therapy.

As vinflunine was approved for second-line therapy
while this trial was recruiting, we offered progressive
patients this opportunity as third-line treatment when
desired and clinically justified. In total, three patients were
treated with vinflunine following temsirolimus, one patient
received both drugs consecutively over 24 weeks with a
disease stabilization of 3.8 months under temsirolimus
[21].

Overall, as most of the targeted agents have been or are
currently investigated in phase II trials in the salvage set-
ting of mTCCU, the development seems to proceed to
investigate combination therapies. The largest concluded
phase II trial in the salvage setting of TCCU has been
recently published by Choueiri and colleagues who inves-
tigated 142 patients in a multi-center randomized double-
blind configuration combining docetaxel with vandetanib
[24]. However, the combination of both drugs did not show
advantage in OS nor ORR compared to Docetaxel and
placebo.

Currently, there are few ongoing clinical trials evaluat-
ing mTOR-inhibitor everolimus as single agent or in
combination in metastatic TCCU. A phase II clinical trial
with everolimus as second-line treatment in patients with
progressive urothelial cancer after previous cytotoxic che-
motherapy has been recently presented. A total of 45
patients have been enrolled. The investigators report a PFS

of 3.3 months with 2 partial responses, a median OS of
10.5 months. Toxicity was relevant with a total of 42 grade
3—4 adverse events. On the basis of those data, the authors
concluded clinical activity of everolimus in patients with
advanced TCCU [25]. In contrast, Seront et al. [26] did not
see neither complete nor partial responses when applying
everolimus in another second-line phase II trial. SD was
found in 3 patients at 8 weeks and was maintained for
234 days in one patient. A total of 10 grade 3—4 toxicities
were reported. Finally, the authors concluded modest
activity for everolimus in this indication [26]. Besides
those two single agent trials, the multi-center phase II
clinical trial NCT00933374 evaluates Paclitaxel in com-
bination with everolimus in mTCCU after failure of prior
platin-based chemotherapy [27]. The response rate has
been claimed primary outcome measure. As secondary
goals, the investigators defined progression free survival
(PES), overall survival (OS) and duration of response.

Conclusion

In this first trial evaluating mTOR-inhibitor temsirolimus
in the salvage setting of advanced TCCU, the drug has
shown little oncologic activity. Temsirolimus did not reach
the primary study goal of prolongation of OS. However, as
single agent temsirolimus was well tolerated and did not
dramatically affect QoL.
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