
Abstract. Background/Aim: Numerous trials have described
a wide variation of metabolic complications associated with
the mammalian target of rapamycin inhibitors (mTORi). This
analysis aimed to report and critically analyze the risks of
mTORi-associated metabolic complications. Materials and
Methods: A comprehensive search of all published phase II
or III randomized controlled trials were investigated.
Outcomes included were adverse effect profiles of
hyperglycemia (HGC), hypertriglyceridemia (HTG), and
hypercholesterolemia (HCE). Results: Sixteen phase II/III
clinical trials were identified. The overall incidence of all-
grade (AG) and high-grade (HG) metabolic complications
associated with mTORi were 39.7% and 4.1% respectively.
mTORi use was associated with an increased risk of AG (2.97
[2.25-3.92]) and HG HGC (4.08 [2.71-6.14]), AG (2.22
[1.70-2.89]) and HG HTG (1.88 [1.10-3.20]), and AG (2.48
[1.83-3.36]) and HG HCE (4.26 [2.30-7.90]). Conclusion:
mTORi are associated with a significantly increased risk of
AG and HG HGC, HTG, and HCE. Clinicians should be
aware of these risks, perform regular monitoring, and
consider alternative anti-neoplastic treatments or adjunctive
pharmacological intervention if necessary.

The mammalian target of rapamycin (mTOR) is a serine-
threonine kinase that plays a vital role in phosphatidylinositol
3-kinase/Akt pathway that is involved in cell proliferation,

motility, metabolism, and angiogenesis (1, 2). mTOR
inhibitors (mTORi) have been shown to inhibit tumor
proliferations and angiogenesis in various in vitro tumor
models (3). The Food and Drug Administration (FDA) has
approved everolimus for the treatment of advanced renal cell
carcinoma (RCC), pancreatic neuroendocrine tumor (pNET),
advanced hormone receptor-positive, HER2-negative breast
cancer and subependymal giant cell astrocytoma with or
without association with tuberous sclerosis (3). Temsirolimus
has been approved by FDA for the treatment of advanced
RCC (4). Ridaforolimus has yet to be approved by FDA, but
is currently in phase III clinical trials.

mTORi are associated with substantial side-effects
including weight gain, hyperlipidemia, diarrhea, infection,
fatigue, hypertension (5-7). In addition to these frequently
reported adverse events, prior studies have also reported an
increased risk of proteinuria, pulmonary toxicities, anemia,
and impaired wound healing with mTORi therapy (8-10). 

In a prior meta-analysis by Sivendran et al., significantly
higher incidence and risk of metabolic complications were
observed in patients administered mTORi: all-grade incidence
70% (95%CI=0.47-0.93], high-grade incidence 11%
(95%CI=0.08-0.15), all-grade relative risk (RR) 2.93
(95%CI=2.33-3.70), and high-grade RR=4.58 (95%CI=2.86-
7.34) respectively (11). That said, there existed several
limitations to these analyses, including overestimation of the
incidence of mTORi-associated hyperglycemia (HGL),
hypertriglyceridemia (HTG) and hypercholesterolemia (HCE),
since mTORi monotherapy and combinational therapy were
analyzed together. Several recent large, randomized clinical
trials have been completed since the previous meta-analysis
with substantial variation in results. This study includes
patients only receiving mTORi monotherapy alone in order to
exclude the confounding impact of concomitant chemo- or
immunotherapy for incidence analysis. In addition, to better
understand the extent of the mTORi associated metabolic
complications, an investigation of underlying malignancy type,
dosage regimen, and comparison between mTORi rapamycin
analogs were further explored.
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This current meta-analysis provides an updated
comprehensive analysis of the incidence and risk of high-
grade HGL, HTG, and HCE with mTORi treatment, and a
contemporary systematic review of mTORi treatment.

Materials and Methods

Data acquisition. Data abstraction, meta-analysis, and systemic
review have been performed in accordance with the Preferred
Reporting Items for Systematic reviews and Meta-Analysis
(PRISMA) guideline (12). A comprehensive literature search of
PubMed, Google Scholar and the Cochrane Central Registry of
Controlled Trials from January 1, 1966 to March 31, 2015 was
conducted. Keywords included in the search were ‘mTOR inhibitor’,
‘everolimus’, ‘afinitor’, ‘temsirolimus’, ‘torisel’, ‘ridaforolimus’,
‘deforolimus’, ‘cancer’, and ‘clinical trial’. The search was restricted
to clinical trials in English. In case of duplicate publications, only
the most recent and updated report of the clinical trial was included. 

Study selection, data extraction, and clinical end-points. Clinical
trials that met the following conditions were included in this study:
(i) Phase II and III trials in patients with cancer; (ii) Participants
assigned to treatment with everolimus, temsirolimus, or
ridaforolimus; (iii) Events and sample size available for all-grade or
high-grade hyperglycemia (HGL), hypertriglyceridemia (HTG), or
hypercholesterolemia (HCE) (grade 3 and 4); (iv) Safety reporting
of all- or high-grade hyperglycemia, hypertriglyceridemia, or
hypercholesterolemia available. Analysis of the incidence of HGL,
HTG, and HCE associated with mTORi were limited to trials in
which participants were assigned to mTORi as a monotherapy.

The incidence of HGL, HTG, and HCE events in most included
trials were recorded in accordance with Common Terminology Criteria
for Adverse Events (CTCAE) version 3, which defines HGL as the
following: (a) grade 1, upper normal limit (UNL) to 160 mg/dL, (b)
grade 2, 160-250 mg/dL, (c) grade 3, 250-500 mg/dL and (d) grade 4,
>500 mg/dL. CTCAE also defines HTG as: (a) grade 1, 1.0-2.0 times
of UNL, (b) grade 2, 2.5-5.0 times of UNL, (c) grade 3, 5-10 times of
the UNL, (d) grade 4, >10 times of UNL. Lastly, HCE is defined in
CTCAE version 3 as the following: (a) grade 1, UNL-300 mg/dL, (b)
grade 2, 300-400 mg/dL (c) grade 3, 400-500mg/dL (d) grade 4, >
500 mg/dL (13).

Assessment of RR includes only RCTs in which participants were
randomly assigned to either mTORi versus placebo, mTORi plus
best supportive care versus placebo plus best supportive care, or
mTORi plus concurrent chemotherapy and/or immunotherapy versus
chemotherapy and/or immunotherapy alone. In case of crossover
studies, only data available prior to crossing over were used. If data
prior to crossing over was not available, the study was excluded. 

Statistical analysis. Incidence, RR and 95% CIs for all-grade (grade
1-4) and high-grade (grade 3-4) HGL, HTG, and HCE were
calculated. RRs and CIs were calculated with data extracted only
from randomized controlled studies and the adverse metabolic
events in patients assigned to mTORi was compared to those
assigned to control treatment in the same trial. To calculate 95%
CIs, the variance of a log-transformed study-specific RR was
derived using the delta method. To estimate the incidence, the
number of patients with metabolic complications and the number of
patients who received mTORi alone were extracted from the
selected single-arm and RCTs. The rate of adverse outcomes and

95% CIs were obtained from each trial. The traditional continuity
corrections factor of 0.5 was adopted to calculate the RR and
variance for the studies reporting zero events in any arm. In case of
zero events in both groups, the RR were not calculable, and the
study was excluded from the meta-analysis. Both the fixed-effect
and random effects model were considered, depending on the
heterogeneity of included studies, to calculate RRs and summary
incidence. Cochrane’s Q test with I2 statistic were used to estimated
statistical heterogeneity. An assumption of homogeneity was
considered invalid for p<0.05 or I2>50%. When substantial
heterogeneity was not observed, the pooled estimate was calculated
based on the fixed-effect model. When significant heterogeneity was
observed, the pooled estimate calculated with a random-effects
model was reported. The publication bias regarding the primary
endpoint (RR of high-grade HGL, HTG, and HCE) was first
visually evaluated funnel plot, and then quantified by Begg’s, and
Egger’s tests. A two-tailed p-value of <0.05 was considered
statistically significant. Statistical analysis was performed using the
Comprehensive Meta-Analysis software Version 3 (Biostat,
Englewood, NJ).

Results

Search results. The search strategy detailed above yielded
271 potentially relevant citations. The selection process
excluded 224 citations. The study exclusion criteria are
detailed in Figure 1. A total of 47 clinical trials were
considered eligible for the meta-analysis. Among the 47
phase II and III trials, 15 trials involved randomized
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Figure 1. CONSORT diagram of selection process for clinical trial
inclusion in this meta-analysis.



treatment allocation, while 32 trials were single-arm trials.
Of the 15 RCTs, 6 trials had placebo as a control and 9 trials
had active treatment as the control arms. The metabolic
adverse events in the included trials were reported in
accordance with the CTCAE version 3. The baseline
characteristics of each trial are depicted in Table I.

Overall incidence of adverse metabolic events. The analysis
of metabolic event incidence included only mTORi
monotherapy arms. The trials that involved concomitant
chemotherapy and/or immunotherapy were excluded, given
the possibility of confounding effects on blood pressure from
concomitant therapy. A total of 1,754 mTORi-treated patients
from both randomized and non-randomized studies were
included. All-grade metabolic derangements occurred in 409
of 1,036 patients; 39.7% (95%CI=18.7-42.4). High-grade
metabolic complications occurred in 73 of 1,754 patients;
4.1% (95%CI=1.7-6.9). For both all- and high-grade adverse
metabolic events, there was significant heterogeneity
between trials (p<0.001 and I2=88%) and a random-effects
model was assumed.

Relative risk of adverse metabolic event events. The meta-
analysis of the overall RR for all- and high-grade metabolic
events included 15 RCTs. The control arm was best supportive
care or chemotherapy and/or immunotherapy. The treatment
arm was mTORi in addition to best supportive care or
chemotherapy and/or immunotherapy. The RR of all-grade and
high-grade metabolic events associated with mTORi compared
to control was 2.53 (95%CI=2.15-2.97, p<0.001) and 3.29
(95%CI=2.47-4.14, p=0.001) respectively (Figures 2 and 3).
A random-effects model was used for both all-grade and high-
grade metabolic events since heterogeneity was found to be
significant in both cases (p<0.05 and I2>50%).

Sub-group analyses. Given the potential risk of blood glucose,
triglyceride, or cholesterol elevation occuring as a result of
concomitant chemotherapeutic or immunotherapeutic agents,
the impact of the control arm on RR of high-grade metabolic
events with mTORi treatment was analyzed. Among 15 RCTs,
6 trials involved mTORi as a single agent and 9 trials used
mTORi in combination with chemotherapeutic and/or
immunotherapeutic agents. The RR of high-grade metabolic
derangement in combination therapy was 3.19 (95%CI=2.29-
4.46, p<0.001) and the RR of high-grade metabolic
complications in mTORi monotherapy was 3.58 (95%CI=2.05-
6.26, p<0.001). There was no difference observed in the RR of
high-grade metabolic events between mTORi monotherapy and
combination therapy (p=0.835) (Figure 3). The incidence and
RR of high-grade metabolic events were further assessed by
malignancy type and dosage regimen. The malignancy types
studied were breast cancer (BC) and renal cell cancer (RCC).
There was no difference in the incidence of the high-grade

metabolic complications varies between these two
malignancies. There was no difference in the RR of high-grade
metabolic events between RCC and non-RCC, and BC and
non-BC. Metabolic events also did not differ by dosage of
everolimus (p=0.759). Finally, no differences in the RR of
high-grade metabolic events were observed between
everolimus and temsirolimus (p=0.835) (Table II).

Publication bias. A funnel plot was used to qualitatively
assess for publication bias. In addition, Egger’s and Begg’s
tests were calculated to quantitatively access for publication
bias. No evidence of publication bias for the primary outcome
of HGL, HTG, and HCE were observed by Egger and Begg’s
test: HGL (Begg’s test: p=0.09, Egger’s test: p=0.47), HTG
(Begg’s test: p=0.80, Egger’s test: p=0.11), and HCE (Begg’s
test: p=0.76, Egger’s test: p=0.91) respectively.

Discussion

HGL, HTG, and HCE are common adverse events observed
in clinical trials associated with mTOR inhibitor class
medications. This study demonstrated that a high incidence
of metabolic complications are associated with mTORi
therapy in cancer patients (all-grade: 39% (95% CI=27.3-
51.5)). The majority of mTORi-associated adverse metabolic
events were grade I or II; however, high-grade metabolic
complications in association with mTORi use were not
infrequent (high-grade: 3.4% (95%CI=1.8-4.9)). 

The exact mechanism of mTOR inhibitor-associated
metabolic derangements is unclear. In a mouse model of type
2 diabetes, rapamycin was shown to increase insulin
resistance and reduce beta cell function (14). Insulin is a key
hormone regulating metabolism, clearance, and storage of
both glucose and lipids. In a separate study of the effect of
rapamycin on rat hepatocytes, rapamycin was shown to
induce a fasting metabolic state by affecting fatty acid
metabolism (15). Promotion of beta oxidation while
decreasing influx of anabolic storage pathways induces
fasting metabolic phenotype, where there is a preference for
fatty acid as metabolic fuel and increased rate of lipolysis
resulting in high serum fatty acids. Additionally, rapamycin
has been shown to affect insulin-stimulated lipoprotein lipase
(LPL) in a rat adipose cell (16). Finally, mTOR inhibitors
also impair the clearance of lipid from blood rather than
increasing hepatic synthesis by inhibition of insulin-
stimulated LPL. The aforementioned mechanism of action of
rapamycin in an animal model demonstrated interference
with insulin signaling and simulating on insulin resistance
also may partly explain the hyperglycemic state (17).

Currently, there exist no evidence-based guidelines for the
management of mTOR inhibitor-induced hyperlipidemia or
hyperglycemia. Although elevated triglyceride and LDL
cholesterol are risk factors for the development of

Lew and Chamberlain: Metabolic Complications with mTOR Inhibitor

1713



ANTICANCER RESEARCH 36: 1711-1718 (2016)

1714

Ta
bl

e 
I.

C
ha

ra
ct

er
is

tic
s 

of
 a

ll 
cl

in
ic

al
 tr

ia
ls

 in
cl

ud
ed

 in
 th

e 
cu

rr
en

t m
et

a-
an

al
ys

is
.

A
ut

ho
r

Ye
ar

Ph
as

e
H

is
to

lo
gy

N
 

M
ed

ia
n 

(r
an

ge
)

Tr
ea

tm
en

t a
rm

s
N

 
C

TC
A

E 
(e

nr
ol

le
d)

(a
na

ly
ze

d)
ve

rs
io

n
A

ge
 (y

ea
rs

)
Tr

ea
tm

en
t d

ur
at

io
n 

(m
on

th
s)

PF
S 

(m
on

th
)

Zh
u 

et
 a

l.
(2

4)
20

14
II

I
H

C
C

54
6

58
 (2

3-
84

)
1.

9 
(0

-7
.9

)
6.

8 
(4

-8
)

EV
E 

7.
5 

m
g/

d
vs

. p
la

ce
bo

20
2

3
R

in
i e

t a
l.

(2
5)

20
14

II
I

R
C

C
79

1
N

R
11

 (1
-4

1)
11

 (1
1-

13
)

TE
M

 2
5 

m
g/

w
k 

+ 
B

EV
 1

0 
m

g 
q 

2w
k

vs
. 

37
5

3
IF

N
 9

M
IU

 3
/w

k 
+ 

B
EV

 1
0 

m
g 

q 
2w

k
H

ut
so

n 
et

 a
l.

(2
6)

20
14

II
I

R
C

C
51

2
53

 (2
5-

80
)

2 
(0

-1
6.

2)
2.

8 
(2

.4
-4

)
TE

M
 2

5 
m

g/
2k

vs
. S

O
R

 4
00

 m
g 

B
ID

23
8

3
A

nd
re

 e
t a

l.
(2

7)
20

14
II

I
B

C
56

9
58

 (3
1-

81
)

2.
8

N
R

EV
E 

5 
m

g/
d 

+ 
V

R
vs

. p
la

ce
bo

 +
V

R
23

3
Ya

rd
le

y 
et

 a
l.

(2
8)

20
13

II
I

B
C

72
4

65
 (4

5-
80

)
1.

5
3.

8 
(3

.5
-7

.3
)

EV
E 

10
 m

g/
d 

+ 
EX

M
ST

 2
5 

m
g/

d
vs

. 
29

3
pl

ac
eb

o 
+ 

EX
M

ST
 2

5 
m

g/
d

O
ht

su
 e

t a
l.

(2
9)

20
13

II
I

G
C

65
6

58
 (3

6-
72

)
N

R
2.

8
EV

E 
10

 m
g/

d 
+ 

B
SC

vs
. p

la
ce

bo
 +

 B
SC

36
3

M
aa

s 
et

 a
l.

(3
0)

20
13

II
B

C
39

56
 (2

5-
84

)
4.

6 
(0

.4
-1

7.
5)

11
.4

 (7
.4

-1
9.

8)
EV

E 
10

 m
g/

d
vs

. p
la

ce
bo

83
3

D
em

et
ri 

et
 a

l.
(3

1)
20

13
II

I
Sa

rc
om

a
70

2
57

 (2
7-

84
)

0.
3 

(0
.1

-1
.6

)
7.

4 
(6

.9
-8

.5
)

R
ID

 4
0 

m
g

vs
. P

la
ce

bo
23

5
3

W
ol

ff 
et

 a
l.

(3
2)

20
12

II
I

B
C

11
03

54
 (3

1-
84

)
6.

5 
(5

.7
-7

.3
)

8.
6 

(8
.2

-1
0.

3)
TE

M
 3

0 
m

g/
d 

+ 
LT

Z 
2.

5 
m

g/
d

vs
. 

29
5

3
Pl

ac
eb

o 
+ 

LT
Z 

2.
5 

m
g/

d
B

as
el

ga
 e

t a
l.

(3
3)

20
12

II
I

B
C

72
0

57
 (2

3-
84

)
3 

(0
.3

-2
2)

5.
7 

(2
.7

-7
)

EV
E 

+ 
EX

M
ST

vs
. P

la
ce

bo
 +

 E
X

M
ST

22
8

3
Ya

o 
et

 a
l.(

34
) 

20
11

II
I

PN
ET

40
7

61
 (3

1-
85

)
4.

3
3.

6
EV

E 
10

 m
g/

d 
+ 

B
SC

vs
. P

la
ce

bo
 +

 B
SC

47
3

3
Pa

ve
l e

t a
l.

(3
5)

20
11

II
I

N
ET

42
6

59
 (2

5-
83

)
N

R
7.

8 
(7

.1
-8

.4
)

EV
E 

10
 m

g/
d 

+ 
O

TR
 3

0 
m

g 
q2

8d
vs

. 
38

4
3

Pl
ac

eb
o 

+ 
O

TR
 3

0 
m

g 
q2

8d
N

eg
rie

r e
t a

l.
(3

6)
20

11
II

R
C

C
12

8
59

 (1
8-

85
)

N
R

3.
6 

(2
.8

-4
.1

)
TE

M
 2

5 
m

g/
w

k 
+ 

B
EV

 1
0 

m
g 

q 
2w

k
vs

. 
52

6
3

IF
N

 9
M

IU
 3

/w
k 

+ 
B

EV
 1

0m
g 

q 
2w

k
M

ot
ze

r e
t a

l.
(3

7)
20

10
II

R
C

C
41

1
52

 (2
7-

79
)

3.
8 

(2
.9

-4
.4

)
5.

4 
(4

.4
-5

.8
)

EV
E 

10
 m

g/
d 

+ 
B

SC
vs

. P
la

ce
bo

 +
 B

SC
21

7
3

B
as

el
ga

 e
t a

l.
(3

8)
20

09
II

B
C

26
9

57
 (3

0-
78

)
2.

3 
(0

.3
-5

.6
)

2.
2 

(1
.9

-2
.3

)
EV

E 
10

 m
g/

d 
+ 

LT
Z 

2.
5 

m
g/

d
vs

. 
13

7
3

Pl
ac

eb
o 

+ 
LE

T2
.5

 m
g/

d
H

ud
es

 e
t a

l.
(3

9)
20

07
II

I
R

C
C

40
8

57
 (3

2-
81

)
7.

2 
(0

.9
-1

9.
4)

7.
3

TE
M

 2
5 

m
g/

w
k 

+ 
IF

N
 v

s. 
IF

N
20

8
3

N
: S

am
pl

e 
si

ze
; P

FS
: p

ro
gr

es
si

on
-f

re
e 

su
rv

iv
al

; B
C

: b
re

as
t c

an
ce

r; 
R

C
C

: r
en

al
 c

el
l c

an
ce

r; 
pN

ET
: p

an
cr

ea
tic

 n
eu

ro
en

do
cr

in
e 

tu
m

or
; N

ET
: n

eu
ro

en
do

cr
in

e 
tu

m
or

; N
R

: n
ot

 r
ep

or
te

d;
 E

V
E:

ev
er

ol
im

us
; T

EM
: t

em
si

ro
lim

us
; R

ID
: r

id
af

ol
im

us
; I

FN
: i

nt
er

fe
ro

n;
 B

EV
: b

ev
ac

iz
um

ab
; L

TZ
: l

et
ro

zo
le

; O
TR

: o
ct

re
ot

id
e;

 E
X

M
ST

:e
xe

m
es

ta
ne

; V
R

: v
in

or
el

bi
ne

; S
O

R
: s

or
af

en
ib

; B
SC

: b
es

t
su

pp
or

tiv
e 

ca
re

.



cardiovascular disease, therapy is typically aimed at long-term
risk reduction. The benefit of lipid-lowering agents in advanced
cancer population whose life expectancy is short and who are
under chemotherapy is unknown. As such, the overall goal of
therapy should be management of short-term morbidity
secondary to mTORi-induced metabolic complications rather
than long-term cardiovascular risk reduction. Busaidy et al.,
suggested targeting a triglyceride level of below 300 mg/dL for

patients with life expectancy of >1 year and triglyceride less
than 500 mg/dL for those with life expectancy <1 year in only
to decrease the risk of pancreatitis and cardiovascular events.
Statin was recommended for hypertriglyceridemia <500
mg/dL, and single or a combination of fibrate, omega 3 acid, or
niacin for triglyceride >500 mg/dL in those with estimated
survival <1 year. In case of poor glycemic control, Busaidy et
al. suggested a fasting glucose goal of <160 mg/dL, random
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Figure 2. Relative risk of all-grade metabolic events associated with mTORi versus control.

Table II. Incidence and relative risk of high-grade metabolic events stratified by type of malignancy.

Stratification Incidence (95% CI) Difference (p-value) Relative Risk (95% CI) Difference (p-value)

RCC 4.9% (2.1-7.6) 0.221 3.33 (2.26-4.91) 0.71
Non-RCC 2.6% (2.1-7.6) 3.25 (2.12-4.97)
BC 2.5% (0.7-4.3) 0.109 3.56 (1.96-6.49) 0.91
Non-BC 4.3% (0.3-5.6) 3.21 (2.32-4.38)
Hyperglycemia 5.3% (4-6.6) 0.001 4.08 (2.71-6.14) 5.98
Hypertriglyceridemia 2.4% (0.8-4.2) 1.88 (1.10-3.20)
Hypercholesterolemia 2% (0.6-3.4) 4.26 (2.30-7.90)

BC: Breast cancer; Non-BC: Non Breast Cancer; RCC: renal cell cancer; Non-RCC: non-renal cell cancer.



plasma glucose <200 mg/dL, or HbA1c <8% with oral agents
to prevent acute symptoms and subacute complications of
hyperglycemia (18).

The pinnacle of mTOR inhibitor therapy has yet to be
reached. A number of clinical trials investigated the synergistic
antitumor effect of mTOR and vascular endothelial growth
factor (VEGF) inhibitors with improved outcomes (19). Dual
mTOR and VEGF inhibitor therapy may have produced more
complete VEGF signaling pathway inhibition or simultaneous
inhibition of both pathways, thereby achieving better
antitumor response (20). Despite the potential survival
benefits, higher incidence of metabolic derangements was
observed in dual mTOR and VEGF inhibitor therapies (21-23).
Better identification of the patients at risk of treatment-related
metabolic complications may provide improved management
of patients enrolled in future dual therapy studies.

There are several limitations to the current meta-analysis.
LDL is an important atherogenic component of cholesterol
linked to increased risk of cardiovascular complications. That
said, LDL level is not part of the adverse events included in
CTCAE and often not reported in the clinical trial. The risk
of cardiac complication can only be partially accessed with

triglyceride and total cholesterol level. In addition, the
prevalence of the baseline HGL, HTG, and HCE is not well
described in most clinical trials and may overestimate new
onset mTORi-associated metabolic complications. Finally,
significant heterogeneity was observed among the study
population, malignancy type, and treatment regimen as well. 

Despite its limitations, this study demonstrates that the use
of mTORi is associated with a significant risk of developing
all- and high-grade metabolic complications. The risk of
adverse metabolic events does not differ by type of
Rapamycin analog, type of malignancy treated, or when
monotherapy or concomitant therapy is utilized. Early
detection and effective management of HGL, HTG, and HCE
may allow for more extensive use of mTORi therapy,
especially in cancer patients with pre-existing metabolic
comorbidities, and should limit treatment related toxicity.
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