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ABSTRACT
Background: Temsirolimus is an mTOR antagonist with proven anticancer efficacy. 
Preclinical data suggest greater anticancer effect when mTOR inhibitors are com-
bined with cytotoxic chemotherapy. We performed a Phase I assessment of the com-
bination of temsirolimus and capecitabine in patients with advanced solid tumors.
Methods: Patients were enrolled in an alternating dose escalation of temsirolimus 
(at 15 or 25 mg IV weekly) and capecitabine (at 750, 1000, and 1250 mg/m2 twice 
daily) in separate Q2- week and Q3- week cohorts. At the recommended Phase II doses 
(RP2Ds) of temsirolimus and capecitabine (Q2), seven patients were also treated with 
oxaliplatin (85 mg/m2, day 1) to determine triplet combination safety and efficacy.
Results: Forty- five patients were enrolled and 41 were evaluable for dose- limiting 
toxicities (DLTs). The most common adverse events (AEs) were mucositis, fatigue, 
and thrombocytopenia. The most common grade 3/4 AEs were hypophosphatemia 
and anemia. Five patients had DLTs, including hypophosphatemia, mucositis, and 
thrombocytopenia. The RP2Ds were temsirolimus 25 mg +capecitabine 1000 mg/
m2 (Q2); and temsirolimus 25 mg +capecitabine 750 mg/m2 (Q3). Of the 38 patients 
evaluable for response, one had a partial response (PR) and 19 had stable disease 
(SD). The overall disease control rate was 52%. Five of the 20 patients with SD/PR 
maintained disease control for >6 months.
Conclusions: The combination of temsirolimus and capecitabine is safe on both a 
Q2- week and a Q3- week schedule. The combination demonstrated promising evi-
dence of disease control in this highly refractory population and could be considered 
for testing in disease- specific phase II trials.
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1 |  INTRODUCTION

The mammalian target of rapamycin (mTOR) is a multi-
functional serine- threonine kinase member of the phospha-
tidylinositol 3′ kinase (PI3K) family.1,2 Preclinical work has 
established that the mTOR/AKT/PI3K signaling pathway is 
dysregulated in some cancers, leading to uncontrolled cell 
growth.3,4 Rapamycin (also known as sirolimus) is a natural 
macrolide antibiotic that was discovered ~50 years ago. This 
agent binds with high affinity to the binding protein FKBP12 
to regulate mTOR signaling, thus, inhibiting mRNA synthe-
sis and translation, and resulting in a significant decrease in 
protein synthesis and cell growth.5- 7

Due to mTOR's action on tumor cell growth, vascular 
smooth muscle cells, and hypoxia- inducible factor synthe-
sis, the desired effect of mTOR inhibition is the suppression 
of tumor cell proliferation and inhibition of angiogenesis, 
even under hypoxic conditions. Thus, mTOR inhibition has 
the potential to negatively affect many solid tumors, and be-
cause dysregulated mTOR signaling has been seen to occur 
despite exposure to cytotoxic agents,8,9 hence, allowing cell 
growth in the face of cytotoxicity and under hypoxic con-
ditions, the administration of an mTOR inhibitor together 
with cytotoxic chemotherapy is an even more attractive ther-
apeutic strategy.10,11 Indeed, preclinical studies have shown 
that mTOR inhibition overcomes platinum resistance in lung 
and brain cancer cell lines and xenograft models,12,13 gem-
citabine resistance in pancreatic cancer xenograft models,14 
and doxorubicin resistance in PTEN- mutated prostate cancer 
cell- lines.15

Temsirolimus (Torisel™) is an ester analog of rapamycin 
and is a targeted anticancer agent that specifically inhibits 
mTOR.2 Temsirolimus is FDA approved for the treatment of 
renal cell carcinoma,16 although it has promising activity in 
other cancers, including lymphomas17,18; breast cancers19; en-
dometrial cancers20; and neuroendocrine cancers.21 In Phase I 
studies, the combination of an mTOR antagonist plus chemo-
therapy (as well as targeted therapy) was shown to be safe and 
suggestive of increased, additive efficacy, compared to chemo-
therapy alone. Kollmannsberger et al. safely combined temsi-
rolimus, carboplatin, and paclitaxel in patients with a range of 
solid tumors and demonstrated stable disease (SD) in 46%, and 
partial response (PR) in 38% of 26 evaluable patients.22 In a 
Phase I study of temsirolimus and 5- Fluorouracil (5- FU), Punt 
et al.23 administered temsirolimus in escalating doses (15, 25, 
45, and 75 mg) along with a standard regimen of leucovorin 
(200 mg/m2) and 5- FU IV- infusion (2600 mg/m2) over 24 h.23 
Treatment was administered once weekly for 6 weeks, followed 
by a 1- week rest. The maximally tolerated dose of temsiroli-
mus was defined as 75  mg/m2, although fatal mucositis still 
 occurred at doses >25 mg/m2.

Capecitabine is a 5- FU prodrug that has equivalent effi-
cacy to IV 5- FU (bolus and infusional) and is significantly 

less toxic than bolus 5- FU [42]. Being an oral chemother-
apeutic agent, capecitabine is more convenient to patients 
than a lengthy 5- FU infusion. The FDA approved regimen 
of 1250 mg/m2 capecitabine twice a day (BID) on Days 1– 14 
of every 3 weeks repeatedly resulted in a stomatitis rate of 
approximately 20% (all grades) and 2– 3% for grades 3 or 
4. However, an alternative regimen of 1750 mg/m2 BID for 
7 days followed by 7 days off, on a 2- week cycle, resulted in 
a smaller incidence of stomatitis (9%, all grades; 2%, grade 
3).24,25 In the only known published comparison of these two 
schedules, the 7 days on/7 days off regimen was associated 
with increased time to disease progression.25

In this context, and following the lead of Punt et al.,23 we 
initiated a Phase I study of temsirolimus in combination with 
capecitabine for the treatment of patients with advanced solid 
malignancies to determine the safest doses of temsirolimus 
and capecitabine to be used in combination on both a Q2- 
week and a Q3- week schedule. Because mTOR inhibition 
has been seen to overcome platinum resistance in select solid 
tumor lines in vitro,12,13 and oxaliplatin is often combined 
with fluoropyrimidine treatment of patients, we included an 
expansion cohort of added oxaliplatin to investigate the ef-
fects of temsirolimus combined, essentially, with XELOX. 
Survival data for all regimens and schedules were also col-
lected to provide preliminary data to inform future trials.

2 |  METHODS

2.1 | Patients

Patients had to be ≥18  years of age; have an Eastern 
Cooperative Oncology Group (ECOG) performance status 
≤2; and have acceptable hepatic function (AST and/or ALT 
≤2.5× the upper normal limit of institution's normal range 
[ULN; no liver metastases] or AST and/or ALT <5× ULN 
[liver metastases], non- fasting bilirubin ≤1.5× ULN), renal 
function (serum creatinine ≤1.5× ULN OR creatinine clear-
ance ≥50 mL/min/1.73 m2), and bone marrow function (ab-
solute neutrophil count [ANC]  ≥1500/mm3 [1.5  ×  109/L], 
platelet count ≥100,000/mm3 [100  ×  109/L], and hemo-
globin ≥10.0 g/dL [1.4 mmol/L]). Patients were required to 
have histologically proven cancer and pathologically con-
firmed metastases for which there were no known curative 
therapies, and for which capecitabine (and oxaliplatin, in 
the oxaliplatin expansion cohort) is approved or compendia 
listed. Any number of prior lines of therapy were allowed. 
Patients were enrolled from the Lombardi Comprehensive 
Cancer Center at Georgetown University, and the study pro-
tocol, amendments, and the informed consent forms were 
approved by the Institutional Review Board at Georgetown 
University. Investigators obtained informed consent from 
each participant or participant's guardian prior to screening. 
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The research was conducted in accordance with recognized 
ethical guidelines, including the Declaration of Helsinki, 
CIOMS, Belmont Report, and U.S. Common Rule, as de-
scribed during training in Good Clinical Practice guidelines 
(CITI Training).

2.2 | Trial design

This was an open- label Phase I study, employing an alternat-
ing 3 + 3 dose- escalation plan (Figure 1). The primary end-
points of the study were to identify the maximally tolerated 
doses (MTD) and to determine the RP2D of temsirolimus and 
capecitabine when given as combination therapy. Once the 
recommended Phase II dose and schedule of temsirolimus 
plus capecitabine were established, the safety and tolerability 
of adding oxaliplatin were assessed in an expansion cohort.

During dose escalation, the MTD was defined as the 
dose level one level below the dose level at which two or 
more patients out of six experiences a dose- limiting toxicity 
(DLT) of one or both agents. A DLT was defined as any of 

the following events that were possibly or probably related to 
one or more agents: grade 4 neutropenia lasting greater than 
5 days or complicated by fever or infection; grade 4 anemia 
or thrombocytopenia; grade 3 or 4 non- hematologic toxic-
ity; and any toxicity, regardless of grade, which resulted in 
withholding of therapy for >3 weeks. For patients with base-
line elevated liver enzymes (AST, ALT, and alkaline phos-
phatase) due to known intrahepatic metastases, the DLT was 
defined only as a grade 4 elevation of AST, ALT, or alkaline 
phosphatase.

2.2.1 | Q2- week schedule

For the 14- day cycle, the starting dose of temsirolimus was 
15  mg IV on Day 1 and 8, and that of capecitabine was 
1000 mg/m2 PO BID on days 1– 7 (Patient Cohort 1; Figure 1). 
Alternating dose escalation in cohorts of 3 + 3 patients oc-
curred up to a maximal dose of temsirolimus of 25 mg, and 
a maximal dose of capecitabine of 1250 mg/m2. For patients 
at the 1250 mg/m2 dose level of capecitabine who tolerated 

F I G U R E  1  Dose escalation plan for 
patients treated on study with temsirolimus 
and capecitabine on a 2- week and 3- 
week schedule. Once discovered, the 
recommended Phase II dose (RP2D) of 
temsirolimus plus capecitabine (2- week 
schedule) was used in an expansion cohort 
combined with oxaliplatin (85 mg/m2 on 
day 1 every 2 weeks)

Stage 1 – q2 Week Schedule

Table 1: q2 Week Dose Escalation

Cohort
Temsirolimus 

(mg)
Capecitabine 
(mg/m2 BID)

-1 15 750

1 15 1000

2 15 1250

3 25 1250

4 25 1500

5 25 1750

Table 3: q3 Week Dose Escalation

Coh
ort

Temsirolimus 
(mg)

Capecitabine 
(mg/m2 BID)

–1 15 750

1 15 1000

2 15 1250

3 25 1250

Stage 2 – q3 Week Schedule

Amendment, v1.6
q2 Week Dose Escalation

Cohort
Temsirolimus 

(mg)
Capecitabine 
(mg/m2 BID)

1A 25 1000

Amendment, v1.6
q3 Week Dose Escalation

Cohort
Temsirolimus 

(mg)
Capecitabine 
(mg/m2 BID)

–1A 25 750

Oxaliplatin Expansion Cohort
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15 mg, but not 25 mg of temsirolimus, cohort 1A was estab-
lished, which enabled dosing with temsirolimus at a dose of 
25 mg combined with 1000 mg/m2 capecitabine (Figure 1).

2.2.2 | Q3- week schedule

Once the MTD/RP2D was determined for the Q2- week 
schedule, a similar dose- escalation plan was employed for a 
Q3- week regimen (Figure 1). The starting doses for the Q3- 
week regimen were temsirolimus at 15 mg on days 1, 8, and 
15 and capecitabine at 1000 mg/m2 BID on days 1– 14 of a 
21- day cycle (Patient Cohort 1). However, if intolerable tox-
icities were observed, temsirolimus was held at 15 mg while 
the capecitabine dose was reduced to 750  mg/m2 (Patient 
Cohort −1). A cohort was also added of temsirolimus 25 mg 
and capecitabine at 750 mg/m2 BID (Patient Cohort 1A).

2.2.3 | Oxaliplatin expansion cohort

Once the Q2- week MTD/RP2D of temsirolimus plus capecit-
abine was established, the safety and tolerability of adding 
oxaliplatin Day 1 of every 2- week cycle at a dose of 85 mg/
m2 were also assessed in an expansion cohort.

2.3 | Patient evaluation

Patients were evaluated weekly until the first response as-
sessment, and then, on day 1 of each treatment cycle thereaf-
ter. Radiologic response assessment occurred every 8 weeks 
for the Q2- week schedule and every 9 weeks for the Q3- week 
schedule. Patients continued to remain on study as long as 
there was no evidence of progression of disease, and therapy 
was being adequately tolerated. Information regarding sur-
vival and posttreatment therapy was collected every 12 weeks 
after the final study visit for a period of up to 24 months.

2.4 | Statistical analysis

Descriptive statistics (N, median, and percentage) were used 
to summarize patient demographics. Adverse events were 
presented using percentage by cohort and grade according 
to CTCAE version 3.0. The frequency of adverse events be-
tween different cohorts was compared using Fisher's exact test. 
Kaplan– Meier methodology was used to analyze the time- to- 
event endpoints OS and PFS. Objective response classification 
followed RECIST criteria and was defined as partial response 
(PR) or complete response (CR). Clinical benefit was defined 
as CR + PR + stable disease (SD). The median OS and PFS 
were estimated with their 95% confidence intervals. Log- rank 

test was used to compare the survival experience between dif-
ferent cohorts. SAS software (Version 9.4, SAS Inc.) was used 
for all the statistical analyses. The primary endpoints of the 
study were the MTD and RP2D for the temsirolimus/capecit-
abine combination, determined as described in the Trial Design 
section above. Secondary endpoints included the assessment 
of objective response rate, median progression- free survival 
(PFS), and median overall survival (OS).

3 |  RESULTS

3.1 | Patients

Patient demographics are detailed in Table 1. Forty- five pa-
tients were enrolled into the study between July 2010 and 
September 2012; 38 into the dose- escalation portion (23 into 
the Q2- week portion and 15 into the Q3- week portion) and 
seven into the oxaliplatin expansion cohort (Figure 2, Cohort 
Details). Twenty- eight patients were male and 17 were fe-
male. The age range was 30– 76  years (median, 60  years), 
and 24 patients had colorectal cancer. Patients received an 
average of 3.5 prior lines of therapy. Thirty- six patients had 
received prior 5- FU or capecitabine, plus oxaliplatin, while 
six had not, and three had no specific pretreatment data avail-
able. Disease progression was not an eligibility requirement, 
but most patients had disease progression upon accrual.

Four patients were not evaluable for toxicity and efficacy as-
sessment due to early withdrawal from the study. One patient 
came off study due to a complication related to his underlying 
disease after just 3  days; one patient died suddenly after just 
1 week (related to underlying disease); one patient was unable to 
swallow the oral capecitabine; and one patient chose to withdraw.

3.2 | Toxicities and MTD/RP2D

The combination of temsirolimus and capecitabine was ad-
equately tolerated in patients receiving both Q2- week and 
Q3- week regimens. Table 2 details the Adverse Events (AEs) 
occurring in at least 5% of patients and at least possibly related 
to therapy. The most common AEs were mucositis/stomatitis, 
fatigue, and thrombocytopenia. The most common grade 3/4 
AEs were hypophosphatemia (n = 7) and anemia (n = 3). In 
28/45 patients, the dose of capecitabine was reduced at some 
point in treatment. There were DLTs in five patients (one 
each with hypophosphatemia and mucositis in the Q3- week 
cohort; one with a treatment delay due to persistent grade 1 
thrombocytopenia in the Q2- week cohort; one each with hy-
pophosphatemia and mucositis in the oxaliplatin expansion 
cohort). Adverse event frequency by grade observed in pa-
tients on Q2 and Q3- week regimens (as well as in the oxali-
platin expansion cohort) are shown in Table 3. There was no 
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statistically significant difference in the frequency of adverse 
events between Q2-  and Q3- week dosing of temsirolimus and 
capecitabine (Fisher test p = 0.44), or between Q2- week, Q3- 
week dosing, and the oxaliplatin, temsirolimus, and capecit-
abine expansion cohort (Fisher test p = 0.74).

Dose escalation in the Q2- week cohort continued until 2 
DLTs were observed at 25 mg of temsirolimus +1250 mg/m2 
of capecitabine. A protocol amendment allowed for enroll-
ment to 25 mg of temsirolimus (days 1 and 8) +1000 mg/m2 of 
capecitabine (PO BID on days 1– 7), which was deemed to be 

T A B L E  1  Demographics on all patients enrolled on study (n = 45): total and by cohort. Q2 cohort, patients treated with temsirolimus and 
capecitabine on a 2- week schedule; Q3 cohort, patients treated with temsirolimus and capecitabine on a 3- week schedule; expansion cohort, 
patients treated with temsirolimus and capecitabine plus oxaliplatin on a 2- week schedule

All
N (%)

Q2 Cohort
N (%)

Q3 Cohort
N (%)

Expansion Cohort
N (%)

All patients 45 (100%) 23 (51%) 15 (33%) 7 (16%)

Category Group

Age -  median 60 67 58 56

Gender Male 28 (62%) 14 (61%) 8 (53%) 6 (86%)

Female 17 (38%) 9 (39%) 7 (47%) 1 (14%)

Race White 33 (73%) 18 (78%) 11 (73%) 4 (57%)

Black 9 (20%) 3 (13%) 3 (20%) 3 (43%)

Asian 2 (4%) 2 (9%)

Missing 1 (2%) 1 (7 %)

Primary tumor site Colorectal 24 (53%) 14 (61%) 7 (47%) 3 (33%)

Pancreas 9 (20%) 5 (22%) 3 (20%) 1 (14%)

Lung 3 (7%) 2 (9%) 1 (7%)

Appendix 2 (4%) 2 (13%)

Bile Duct 1 (2%) 1 (14%)

Breast 1 (2%) 1 (14%)

Esophagus 1 (2%) 1 (7%)

Jejunum 1 (2%) 1 (14%)

Kidney 1 (2%) 1 (7%)

Other 1 (2%) 1 (4%)

Vagina 1 (2%) 1 (4%)

ECOG 0 15 (33%) 8 (35%) 5 (33%) 2 (29%)

1 29 (64%) 15 (65%) 9 (60%) 5 (71%)

2 1 (2%) 1 (7%)

F I G U R E  2  Patient cohort details. In 
total, 45 patients were enrolled, of which 
41 were evaluable for DLT. Of these 41 
patients, 21 were treated with temsirolimus 
and capecitabine on a 2- week schedule (2 
were withdrawn early); 13 on a 3- week 
schedule (1 withdrawn); and 7 in the 
expansion cohort (0 withdrawn). There were 
38 response- evaluable patients on study 
across the three different cohorts. Survival 
data were available for all 45 patients



   | 1949TRIVEDI ET al.

T
A

B
L

E
 2

 
A

dv
er

se
 o

cc
ur

rin
g 

in
 a

t l
ea

st
 5

%
 o

f p
at

ie
nt

s, 
an

d 
at

 le
as

t p
os

si
bl

y 
re

la
te

d 
to

 th
er

ap
y.

 A
ll 

45
 p

at
ie

nt
s i

ni
tia

lly
 e

nr
ol

le
d 

w
er

e 
ev

al
ua

bl
e 

fo
r a

dv
er

se
 e

ve
nt

s. 
A

E,
 a

dv
er

se
 e

ve
nt

; C
TC

A
E,

 
C

om
m

on
 T

er
m

in
ol

og
y 

C
rit

er
ia

 fo
r A

dv
er

se
 E

ve
nt

s;
 Q

2 
co

ho
rt,

 p
at

ie
nt

s t
re

at
ed

 w
ith

 te
m

si
ro

lim
us

 a
nd

 c
ap

ec
ita

bi
ne

 o
n 

a 
2-

 w
ee

k 
sc

he
du

le
; Q

3 
co

ho
rt,

 p
at

ie
nt

s t
re

at
ed

 w
ith

 te
m

si
ro

lim
us

 a
nd

 c
ap

ec
ita

bi
ne

 
on

 a
 3

- w
ee

k 
sc

he
du

le
; e

xp
an

si
on

 c
oh

or
t, 

pa
tie

nt
s t

re
at

ed
 w

ith
 te

m
si

ro
lim

us
 a

nd
 c

ap
ec

ita
bi

ne
 p

lu
s o

xa
lip

la
tin

 o
n 

a 
2-

 w
ee

k 
sc

he
du

le

A
E 

ca
te

go
ry

C
TC

A
E 

te
rm

A
ll 

Pa
tie

nt
s =

41
N

um
be

r 
of

 e
ve

nt
s (

%
)

Q
2 

C
oh

or
t N

 =
 2

2
N

um
be

r 
of

 e
ve

nt
s (

%
)

Q
3 

C
oh

or
t N

 =
 1

3
N

um
be

r 
of

 e
ve

nt
s (

%
)

Ex
pa

ns
io

n 
C

oh
or

t N
 =

 6
N

um
be

r 
of

 e
ve

nt
s (

%
)

A
ll

3,
4

1,
2

A
ll

3,
4

1,
2

A
ll

3,
4

1,
2

A
ll

3,
4

1,
2

C
on

st
itu

tio
na

l
Fa

tig
ue

24
 (5

9)
2 

(5
)

24
 (5

9)
17

 (7
7)

2 
(9

)
17

 (7
7)

4 
(3

1)
4 

(3
1)

3 
(5

0)
3 

(5
0)

A
no

re
xi

a
12

 (2
9)

1 
(1

)
11

 (1
1)

6 
(2

7)
6 

(2
7)

4 
(3

1)
1 

(8
)

3 
(2

3)
2 

(3
3)

2 
(3

3)

W
ei

gh
t L

os
s

3 
(7

)
3 

(3
)

3 
(1

4)
3 

(1
4)

Fe
ve

r I
n 

Th
e 

A
bs

en
ce

 o
f 

N
eu

tro
pe

ni
a

3 
(7

)
3 

(3
)

2 
(9

)
2 

(9
)

1 
(8

)
1 

(8
)

O
th

er
 P

ai
n

3 
(7

)
3 

(3
)

2 
(9

)
2 

(9
)

1 
(8

)
1 

(8
)

G
as

tro
in

te
st

in
al

O
ra

l M
uc

os
iti

s/
St

om
at

iti
s 

on
 C

lin
ic

al
 E

xa
m

21
 (5

1)
1 

(2
)

21
 (5

1)
8 

(3
6)

8 
(3

6)
8 

(6
2)

8 
(6

2)
5 

(8
3)

1 
(2

)
5 

(8
3)

Sy
m

pt
om

at
ic

 O
ra

l 
M

uc
os

iti
s/

St
om

at
iti

s
15

 (3
7)

2 
(5

)
15

 (3
7)

7 
(3

2)
1 

(5
)

7 
(3

2)
7 

(5
4)

1 
(8

)
7 

(5
4)

1 
(1

7)
1 

(1
7)

D
ia

rr
he

a
19

 (4
6)

2 
(5

)
19

 (4
6)

12
 (5

5)
2 

(9
)

12
 (5

5)
5 

(3
8)

5 
(3

8)
2 

(3
3)

2 
(3

3)

N
au

se
a

17
 (4

1)
17

 (4
1)

8 
(3

6)
8 

(3
6)

5 
(3

8)
5 

(3
8)

4 
(6

7)
4 

(6
7)

V
om

iti
ng

5 
(1

2)
5 

(1
2)

2 
(9

)
2 

(9
)

1 
(8

)
1 

(8
)

2 
(3

3)
2 

(3
3)

X
er

os
to

m
ia

5 
(1

2)
5 

(1
2)

3 
(1

4)
3 

(1
4)

1 
(8

)
1 

(8
)

1 
(1

7)
1 

(1
7)

C
on

st
ip

at
io

n
5 

(1
2)

1 
(2

)
4 

(1
0)

2 
(9

)
1 

(5
)

1 
(5

)
1 

(8
)

1 
(8

)
2 

(3
3)

2 
(3

3)

Fl
at

ul
en

ce
4 

10
)

4 
(1

0)
2 

(9
)

2 
(9

2 
(1

5)
2 

(1
5)

A
bd

om
in

al
 P

ai
n

4 
10

)
1 

(2
)

4 
(1

0)
2 

(9
)

1 
(5

)
2 

(9
)

2 
(3

3)
2 

(3
3)

H
ea

rtb
ur

n/
D

ys
pe

ps
ia

3 
(7

)
3 

(7
)

2 
(1

5)
2 

(1
5)

1 
(1

7)
1 

(1
7)

El
ev

at
ed

 A
ST

7 
(1

7)
1 

(2
)

6 
(1

5)
3 

(1
4)

(0
)

3 
(1

4)
1 

(8
)

1 
(8

)
3 

(5
0)

1 
(2

)
2 

(3
3)

El
ev

at
ed

 A
lk

al
in

e 
Ph

os
ph

at
as

e
7 

(1
7)

7 
(1

7)
2 

(9
)

2 
(9

)
4 

(3
1)

4 
(3

1)
1 

(1
7)

1 
(1

7)

El
ev

at
ed

 A
LT

5 
(1

2
5 

(1
2)

3 
(1

4)
3 

(1
4)

1 
(8

)
1 

(8
)

1 
(1

7)
1 

(1
7)

H
yp

er
bi

lir
ub

in
em

ia
5 

(1
2)

5 
(1

2)
5 

(2
3)

5 
(2

3)

H
em

at
ol

og
ic

Th
ro

m
bo

cy
to

pe
ni

a
21

 5
1)

2 
(5

)
21

 (5
1)

14
 (6

4)
1 

(5
)

14
 (6

4)
3 

(2
3)

3 
(2

3)
4 

(6
7)

1 
(2

)
4 

(6
7)

A
ne

m
ia

19
 4

6)
3 

(7
)

19
 (4

6)
10

 (4
5)

2 
(9

)
10

 (4
5)

7 
(5

4)
1 

(8
)

7 
(5

4)
2 

(3
3)

2 
(3

3)

Le
uk

op
en

ia
17

 4
1)

17
 (4

1)
6 

(2
7)

6 
(2

7)
8 

(6
2)

8 
(6

2)
3 

(5
0)

3 
(5

0)

Ly
m

ph
op

en
ia

3 
(7

)
1 

(2
)

2 
(5

)
1 

(5
)

1 
(5

)
2 

(3
3)

1 
(2

)
1 

(1
7)

N
eu

tro
pe

ni
a

3 
(7

)
3 

(7
)

1 
(5

)
1 

(5
)

2 
(3

3)
2 

(3
3)

(C
on

tin
ue

s)



1950 |   TRIVEDI ET al.

A
E 

ca
te

go
ry

C
TC

A
E 

te
rm

A
ll 

Pa
tie

nt
s =

41
N

um
be

r 
of

 e
ve

nt
s (

%
)

Q
2 

C
oh

or
t N

 =
 2

2
N

um
be

r 
of

 e
ve

nt
s (

%
)

Q
3 

C
oh

or
t N

 =
 1

3
N

um
be

r 
of

 e
ve

nt
s (

%
)

Ex
pa

ns
io

n 
C

oh
or

t N
 =

 6
N

um
be

r 
of

 e
ve

nt
s (

%
)

A
ll

3,
4

1,
2

A
ll

3,
4

1,
2

A
ll

3,
4

1,
2

A
ll

3,
4

1,
2

M
et

ab
ol

ic
H

yp
op

ho
sp

ha
te

m
ia

12
 2

9)
7 

(1
7)

11
 (2

7)
2 

(9
)

2 
(9

)
2 

(9
)

6 
(4

6)
2 

(1
5)

5 
(3

8)
4 

(6
7)

3 
(7

)
4 

(6
7)

H
yp

ok
al

em
ia

7 
17

)
1 

(2
)

7 
(1

7)
4 

(1
8)

4 
(1

8)
1 

(8
)

1 
(8

)
2 

(3
3)

1 
(2

)
2 

(3
3)

H
yp

oa
lb

um
in

em
ia

6 
(1

5
6 

(1
5)

5 
(3

8)
5 

(3
8)

1 
(1

7)
1 

(1
7)

H
yp

oc
al

ce
m

ia
5 

12
)

5 
(1

2)
2 

(9
)

2 
(9

)
1 

(8
)

1 
(8

)
2 

(3
3)

2 
(3

3)

H
yp

er
gl

yc
em

ia
3 

(7
)

3 
(7

)
2 

(9
)

2 
(9

)
1 

(8
)

1 
(8

)

D
er

m
at

ol
og

ic
R

as
h:

 H
an

d-
 Fo

ot
 S

ki
n 

R
ea

ct
io

n
11

 2
7)

1 
(2

)
11

 (2
7)

5 
(2

3)
1 

(5
)

5 
(2

3)
4 

(3
1)

4 
(3

1)
2 

(3
3)

2 
(3

3)

R
as

h:
 A

cn
e/

A
cn

ei
fo

rm
10

 2
4)

10
 (2

4)
5 

(2
3)

5 
(2

3)
4 

(3
1)

4 
(3

1)
1 

(1
7)

1 
(1

7)

R
as

h:
 D

es
qu

am
at

io
n

6 
(1

5)
6 

(1
5)

3 
(1

4)
3 

(1
4)

3 
(2

3)
3 

(2
3)

O
th

er
 R

as
h

4 
(1

0)
4 

(1
0)

3 
(1

4)
3 

(1
4)

1 
(1

7)
1 

(1
7)

D
ry

 sk
in

3 
(7

)
3 

(7
)

2 
(9

)
2 

(9
)

1 
(8

)
1 

(8
)

Pu
lm

on
ar

y
D

ys
pn

ea
8 

(2
0)

1 
(2

)
7 

(1
7)

3 
(1

4)
1 

(5
)

2 
(9

)
2 

(1
5)

2 
(1

5)
3 

(5
0)

3 
(5

0)

C
ou

gh
5 

(1
2)

5 
(1

2)
1 

(5
)

1 
(5

)
3 

(2
3)

3 
(2

3)
1 

(1
7)

1 
(1

7)

N
eu

ro
lo

gi
c

Pe
rip

he
ra

l N
eu

ro
pa

th
y

7 
(1

7)
7 

(1
7)

1 
(5

)
1 

(5
)

3 
(2

3)
3 

(2
3)

3 
(5

0)
3 

(5
0)

D
iz

zi
ne

ss
3 

(7
)

3 
(7

)
1 

(5
)

1 
(5

)
2 

(3
3)

2 
(3

3)

H
ea

da
ch

e
3 

(7
)

3 
(7

)
2 

(1
5)

2 
(1

5)
1 

(1
7)

1 
(1

7)

G
en

ito
ur

in
ar

y
U

rin
ar

y 
Fr

eq
ue

nc
y/

U
rg

en
cy

3 
(7

)
3 

(7
)

1 
(5

)
1 

(5
)

1 
(8

)
1 

(8
)

1 
(1

7)
1 

(1
7)

T
A

B
L

E
 2

 
(C

on
tin

ue
d)



   | 1951TRIVEDI ET al.

the MTD/RP2D of the Q2- week cohort. In the first Q3- week 
cohort of 15 mg temsirolimus plus 1000 mg/m2 capecitabine, 
there were 2 DLTs. Thus, a protocol amendment allowed for 
dose escalation of temsirolimus to 25 mg, while capecitabine 
was administered at a reduced dose of 750 mg/m2. This dos-
ing combination was the resulting MTD/RP2D for the Q3- 
week cohort: 25  mg temsirolimus (days 1, 8, and 15) plus 
750 mg/m2 capecitabine (PO BID on days 1– 14).

3.3 | Potential antitumor activity/efficacy

Of the 41 patients evaluable for toxicity, three patients with-
drew early due to toxicity. Thus, 38 patients were evaluable 
for response. There was one confirmed partial response (PR) 
and 19 patients had stable disease (SD), providing an overall 
disease control rate of 52%. Five of the 20 patients with SD/
PR (25%; 13% of all evaluable patients) maintained disease 
control for >6  months. There were no differences between 
the Q2- week and the Q3- week administration schedules of 
temsirolimus and capecitabine with regard to OS (p = 0.781) 

T A B L E  3  Adverse Events Tables (Q2, Q3, and oxaliplatin 
expansion cohort). Number of events at each grade and % of the total 
number of events observed at any grade are displayed for each cohort. 
These adverse events were possibly, probably, or definitely related to 
study treatment

Grade

Cohort

Total 
(N = 41)

Q2
(N = 22)

Q3
(N = 13)

Expansion
(N = 6)

1 215 158 94 467

70.03% 75.24% 71.21%

2 62 37 28 127

20.20% 17.62% 21.21%

3 24 14 10 48

7.82% 6.67% 7.58%

4 3 0 0 3

0.98% 0% 0%

5 3 1 0 4

0.98% 0.48% 0%

Total 307 210 132 649

F I G U R E  3  Kaplan- Meier plots for dose escalation cohorts (Q2- week and Q3- week temsirolimus and capecitabine treatment) associated with 
patient overall survival (A) and progression- free survival (B), and for both dose escalation (Q2- week and Q3- week temsirolimus and capecitabine) 
and oxaliplatin expansion cohorts associated with patients' overall survival (C) and progression- free survival (D)
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or PFS (p = 0.95; Figure 3). However, when oxaliplatin was 
added to temsirolimus and capecitabine, both the OS and PFS 
significantly declined (p = 0.005 and p < 0.0001, respectively; 
Figure 3). For the oxaliplatin cohort, the PFS was 1.71 months, 
compared to 3.67  months in the non- oxaliplatin cohorts 
(3.68 months for Q2- week and 3.66 months for Q3- week); and 
the OS for the oxaliplatin cohort was 4.01 months compared 
to 9.61 months in the non- oxaliplatin cohorts (9.03 months for 
Q2- week and 10.25 months for Q3- week).

As the majority of patients had a diagnosis of colorectal 
cancer (CRC)— 24 of 45 enrolled patients— it seemed ap-
propriate to carry out a separate survival analysis for these 
patients. Thirteen patients with CRC were on a Q2- week 
schedule, eight were on a Q3- week schedule, and three were 
part of the oxaliplatin expansion cohort. A comparison of pa-
tients indicated that PFS and OS of patients with CRC were 
similar to those of the general population (p > 0.45 for all 
cohorts).

4 |  DISCUSSION

The combination of temsirolimus and capecitabine was 
tolerable at our established RP2Ds of temsirolimus 25  mg 
+ capecitabine 1000  mg/m2 (on a Q2- week schedule) and 
temsirolimus 25  mg + capecitabine 750  mg/m2  (Q3), and 
the toxicities were similar to those reported in the litera-
ture following separate temsirolimus or capecitabine.26- 28 
Nonetheless, there was clear evidence of enhanced toxicities 
from the combination because the capecitabine doses had to 
be reduced for most patients. However, such dose reductions 
were easily manageable, and patients were able to tolerate the 
lower doses when reductions were required. The most com-
mon grade 3 and 4 toxicities included hypophosphatemia and 
anemia. Nausea was frequent but remained at grade 1 or 2, 
and only one patient experienced the high- grade mucositis 
observed with higher doses of temsirolimus and 5- FU.23 In 
the study by Perotti et al,29 the rapamycin analog ridaforoli-
mus was administered once a day on days 0, 7, and 14 of a 
4- week cycle in combination with capecitabine administered 
daily for the first 14 days of a 4- week cycle. Some of the most 
common adverse events observed in the Q3- week cohort of 
our study were also observed in the Perotti study, although at 
a slightly higher rate in the Perotti study (mucositis, 69% vs. 
54%; anemia, 72% vs. 54%; and leukopenia, 69% vs. 62%). 
However, thrombocytopenia was not a significant adverse 
event in our study (23% vs. 62% in the Perotti study), and 
hypertriglyceridemia was not observed at all (0% vs. 62%). 
The two studies shared the DLT of mucositis.29

With regard to efficacy, in this highly treatment- refractory 
patient population, the combination of temsirolimus and 
capecitabine demonstrated a promising 52% disease control 
rate (with 13% of patients overall exhibiting disease control 

for ≥6 months). This efficacy is very similar to the 59% dis-
ease control observed by Perotti et al.,29 again supporting the 
concept of further investigation in disease- specific Phase II 
trials. There was no apparent difference in efficacy between 
the Q2- week and Q3- week schedules (OS, p  =  0.78; PFS, 
p = 0.95) for all patients in our study (Figure 3A,B).

Oxaliplatin is often combined with fluoropyrimidine treat-
ment, particularly in GI cancers. In our expansion cohort, we 
sought to investigate the effects of temsirolimus combined, 
essentially, with XELOX. When oxaliplatin was added to 
the temsirolimus/capecitabine regimen, we were surprised 
to observe that both OS and PFS rates significantly declined 
(p = 0.005 and p < 0.0001, respectively; Figure 3C,D) com-
pared with the temsirolimus/capecitabine Q2- week and Q3- 
week regimens, despite no significant worsening of adverse 
events due to oxaliplatin. Therefore, this triple combination 
cannot be recommended for further investigation.

The mTOR pathway plays a significant role in the growth 
of gastrointestinal (GI) cancers, including esophageal, gas-
tric, pancreatic, and colon cancers,30,31 and fluoropyrimidines 
form the backbone of many chemotherapy regimens for pa-
tients with GI cancers, making the combination of an mTOR 
inhibitor with 5- FU a natural choice for combination therapy 
trials. Out of the 45 patients recruited into our study, over 
50% (24 patients) had CRC. In preclinical studies, mTOR was 
shown to be an effective target for CRC treatment. Kaneko 
et al. evaluated the antitumor effect of temsirolimus in CRC 
cell lines (CaR- 1, HT- 29, and Colon26) in vitro and in vivo in 
a mouse subcutaneous tumor model.32 Temsirolimus inhib-
ited the growth of tumors in all cell lines in all scenarios, and 
analyses showed that inhibition occurred not only through 
direct growth inhibition, but also via an antiangiogenic ef-
fect.32 In 2016, He et al. studied the mechanisms of mTOR 
inhibitor antitumor activity in CRC cells and xenografts and 
demonstrated the proapoptotic activity and an essential role 
of death receptor- mediated apoptosis on inhibition of 4E- 
BP1 phosphorylation.33 Finally, Wagner et al. demonstrated 
that rapamycin combined with 5- FU or oxaliplatin showed 
superior tumor suppression compared with rapamycin 
alone.34 Clinically, McRee et al. carried out a Phase I study 
of everolimus with mFOLFOX6 in the treatment of patients 
with refractory mCRC.35 Everolimus was well- tolerated, and 
median OS for all evaluable patients on this mTOR inhibitor 
plus 5- FU/LV was a promising 6.9 months. In this context, 
we performed a separate survival analysis of the 24 CRC pa-
tients in our study and compared results with those obtained 
from patients with all other solid tumors. There were no sig-
nificant differences in median OS and PFS between patients 
with CRC and all other patients, regardless of dosing sched-
ule. In the Q2- week cohort, the median OS rate for patients 
with CRC was 13.9 months (n = 13) versus 6.9 months for 
non- CRC patients (n = 9) but the confidence intervals in each 
group were almost identical. Most solid tumors harbored by 



   | 1953TRIVEDI ET al.

patients in this study have previously demonstrated response 
to mTOR inhibition so a difference between subgroups of pa-
tients should probably not be expected. Still, a larger study of 
CRC- only patients would be warranted.

In conclusion, the combination of temsirolimus and 
capecitabine is safe on both a Q2- week and a Q3- week sched-
ule at the established RP2Ds. The combination demonstrated 
some promising evidence of disease control in this highly re-
fractory population and should be tested in disease- specific 
phase II trials. The addition of oxaliplatin to this combination 
resulted in worse survival outcomes and is not recommended.
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