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Abstract

Background—mTOR inhibitors are now approved by regulatory agencies for the treatment of a
variety of malignancies. The risk of metabolic complications with these agents is not well
characterized.

Methods—PubMed was searched for articles published from 2001 until 2011. Eligible studies
included prospective randomized trials evaluating temsirolimus, everolimus, and ridaforolimus in
patients with all solid tumor malignancies. Sixteen eligible phase Il clinical trials and 8
randomized controlled clinical trials were included in a systematic review and meta-analysis and
the number of metabolic related AEs (hyperglycemia, hypercholesterolemia, and
hypertriglyceridemia) was extracted. Incidence rates and incident rate ratios were calculated.

Findings—Twenty-four trials, including 4261 patients, were included in the calculation of the
incidence rate. The average incidence rate of all grade metabolic related events was 0.70 (95% ClI,
0.47, 0.93). The average incidence rate of serious (grade 3 and 4) metabolic related adverse events
was 0.11 (95% Cl, 0.08, 0.15). The incidence rate ratio (IRR) of a metabolic adverse event with
mTOR inhibitor therapy compared with control was 2.93 (95% ClI, 2.33, 3.70) and of serious
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grade 3 and 4 metabolic adverse events was 4.58 (95% Cl, 2.86, 7.34). The IRR of all grade
hyperglycemia was 2.95 (95% Cl, 2.14, 4.05) and of grade 3-4 hyperglycemia was 5.25 (95% ClI,
3.07,9.00). The IRR of all grade hypertriglyceridemia was 2.49 (95% ClI, 1.76, 3.52) and of grade
3-4 hypertriglyceridemia was 2.01 (95% ClI, 0.65, 6.27). The IRR of all grade
hypercholesterolemia was 3.35 (95% ClI, 2.17, 5.18) and of grade 3—4 hypercholesterolemia was
6.51 (95% CI, 1.48, 28.59). These findings suggest a statistically significant increase in the risk of
hyperglycemia, hypercholesterolemia (all grades and grade 3 and 4), and all grade
hypertriglyceridemia associated with mTOR therapy when compared with control.

Interpretation—The risk of all grade and grade 3—4, hyperglycemia, hypercholesterolemia, and
hypertriglyceridemia, are increase in patients treated with mTOR inhibitors compared with
control.
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Introduction

As our understanding of tumor biology has become more sophisticated, cancer therapeutics
have shifted from traditional cytotoxic chemotherapy towards molecularly targeted agents.
This shift has not only been accompanied by differences in mode of administration (e.g.,
frequently oral) and mechanisms of anticancer activity (e.g., frequently cytostatic) but also
by a marked change in adverse event profiles. Though side effects of anticancer therapy
were once dominated by transient myelosuppresion and nausea/vomiting, this new
generation of therapies has generally been characterized by more chronic toxicities affecting
a diverse range of organ systems. The team of specialists required to support patients being
maintained on such therapies has expanded beyond oncologists, to include dermatologists,
endocrinologists, pulmonologists, cardiologists, and others. An understanding of the
likelihood, and severity, of particular side effects accompanying each new class of agent is
therefore critical to optimizing patient management.

The mammalian target of rapamycin (mTOR) pathway is vital to cell processes such as
proliferation, cell growth, metabolism, and angiogenesis.22 This critical role prompted the
development and exploration of several pharmacologic inhibitors of the mTOR pathway for
cancer therapy.3-23 Currently, two mTOR inhibitors have been approved for the treatment of
cancer by the United States Food and Drug Administration (FDA). Temsirolimus has been
approved for treatment of advanced renal cell carcinoma (RCC) while everolimus has been
approved for RCC, pancreatic neuroendocrine tumors (PNET), and for subependymal giant
cell astrocytoma associated with tuberous sclerosis. Ridaforolimus, although not yet FDA
approved, is currently in phase 111 clinical trials.

The incidence of most cancers increases with age and risk factors for certain cancers (e.g.,
smoking) are also associated with an increased risk of other chronic illnesses. As a result,
many patients with cancer have comorbidities including diabetes and cardiovascular disease.
Metabolic toxicities have emerged as a common, and unique, side effect of mMTOR
inhibitors. Given the potential for these side effects to influence the comorbidities and
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general health of patients treated with mTOR inhibitors, we conducted a systematic review
and meta-analysis of all published RCTSs to characterize the incidence and risk of metabolic
complications with mTOR inhibitors.

Methods

Data source

Study selection was conducted according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement.2* An independent review of citations
from PubMed published from January 1, 1997 until May 30, 2011 was conducted.
Keywords included in the search were: temsirolimus, everolimus, and ridaforolimus. The
search was limited to articles published in the English language. Abstracts and presentations
containing the terms temsirolimus, everolimus, and ridaforolimus from the American
Society of Clinical Oncology (www.ASCO.org) held between January 1997 and May 30,
2011 also were searched to identify relevant clinical trials; however, only trials published in
peer-reviewed publications, in full manuscript form, or phase 11 trials with adequate adverse
event reporting were included. Each publication was reviewed and in cases of duplicate
publication only the most complete, recent, and updated report of the clinical trial was
included in the meta-analysis.

Study selection

The primary objectives of this study were to evaluate the incidence of metabolic side effects
(hyperglycemia, hypercholesterolemia, and hypertriglyceridemia) with mTOR inhibitors and
the association between treatment with mTOR inhibitors and the development of such side
effects. For incidence calculations, clinical trials that met the following criteria were
included: (1) phase Il and 111 trials of patients with solid tumors, (2) treatment with an
mTOR inhibitor, (3) available data on metabolic side effects. For incidence rate ratio
calculations, the selection criteria were the same but only trials that included a random
assignment of participants to treatment with an mTOR inhibitor versus control (standard of
care, placebo, or best supportive care) were included. Trials with combination therapy,
which included an mTOR inhibitor as a component of the treatment regimen, were also
included unless combined with a cytotoxic agent. For trials in which there were multiple
arms, we pooled the adverse events for the arms that contained the mTOR inhibitor as long
as the dosing schedule was the same.

Data extraction and clinical end point

We extracted data on study characteristics, treatment information, and follow-up. The
primary end points of the analysis were all grade and severe hyperglycemia, all grade and
severe hypercholesterolemia, all grade and severe hypertriglyceridemia, and total and severe
“metabolic side effects” which was a composite of all three categories. Adverse events were
defined as per the National Cancer Institute's Common Terminology Criteria for Adverse
Events (CTCAE) criteria versions 2.0 and 3.0. Data extraction was performed independently
by two authors (B.G., S.S.) who agreed on 99% of the observations. The sample size,
number of all grade metabolic adverse events, adverse event type, and patient characteristics
were recorded and most frequently the articles reported the worst grade per patient. Any
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discrepancies between reviewers were resolved by consensus. In cases where there was a
crossover design, only data available from before the crossover was used.

Statistical analysis

Meta-analysis using a random effects model was performed as described2> to assess the
incidence rate in mTOR inhibitor treatment group and incidence rate ratio between mTOR
inhibitor treatment group and placebo treatment group. It was assumed that the event
number X follows a Poisson distribution. The variance of the incidence rate X/N is X/N2,
where N is patient number. Publication bias was assessed by Egger's regression test using
sample size and standard error as predictors for incidence rate and incidence rate ratio respr
sample size as the predictor respectively.28 All analysis was performed using R package
metafor.2’

Results

Search results

A literature search produced 243 potentially relevant human clinical studies evaluating
temsirolimus, everolimus or ridaforolimus. Studies that were excluded from the final
analysis, and the reasons for exclusion, are shown in Fig. 1. Twenty-four trials, including
4261 patients, were included in the systematic review for the incidence
calculations.3-23.28-30 The characteristics of these 24 trials are listed in Table 1. Six trials,
including 3125 patients, met the pre-specified criteria and were included in the meta-
analysis for the incidence rate ratio calculations.16-20.30

Study quality

The six RCT's included in the meta-analysis were assessed for study quality using the Jadad
scoring system. Three trials had placebo control arms, 2 trials had a combined placebo and
targeted therapy control arm, and one trial had interferon in the control arm. One trial was
presented in abstract form and a Jadad score could not be assessed. All six trials utilized
either CTCAE version two or three criteria. Jadad scores are listed in Table 1; the mean
score was 4.2 with a range between 3 and 5 indicating that the overall study quality was
good.31

Patients

The majority of patients had a baseline Eastern Cooperative Oncology Group status of 0-1.
Most of the trials excluded patients who had previously been treated with mTOR inhibitors
or who had a history of cardiovascular disease. In all trials, patients were assigned to either
an mTOR inhibitor (temsirolimus, everolimus, ridaforolimus) or in the cases of randomized
trials, a control (placebo, interferon, letrozole, exemestane, or no therapy).

Systematic review of metabolic events

A total of 4261 patients receiving an mTOR inhibitor were available for analysis across 24
clinical trials. Several tumor types were represented including sarcoma (2 trials), pancreatic
cancer (2 trials), glioblastoma (2 trials), melanoma (1 trial), endometrial cancer (1 trial),

Cancer Treat Rev. Author manuscript; available in PMC 2016 February 06.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Sivendran et al.

Page 5

gastric cancer (1 trial), bladder cancer (1 trial), renal cell carcinoma (3 trials), breast cancer
(3 trials), pancreatic neuroendocrine tumors (3 trials), and small cell lung cancer (2 trials).
The average incidence rate across all 24 studies was 0.7 (95% Cl, 0.47, 0.93). The average
incidence rate of serious (grade 3 and 4) metabolic related adverse events was 0.11 (95% Cl,
0.08, 0.15). The incidence rate of hyperglycemia of all grades was 0.25 (95% ClI, 0.17, 0.33)
and of grade 3—4 was 0.07 (95% Cl, 0.05, 0.09). The incidence rate of hypertriglyceridemia
of all grades was 0.35 (95% CI, 0.25, 0.45) and of grade 3—4 was 0.03 (95% Cl, 0.01, 0.04).
The incidence rate of hypercholesterolemia of all grades was 0.32 (95% Cl, 0.20, 0.43) and
of grade 3—4 was 0.03 (95% Cl, 0.01, 0.04). No statistically significant publication bias was
detected for the 24 trials included in the analysis of metabolic event incidence rate (p =
0.76).

Incidence rate ratio of metabolic related adverse events

Analysis of the 3125 patients across 6 RCT's revealed that the incidence rate ratio (IRR) of a
metabolic adverse events with mTOR inhibitor therapy compared with control was 2.93
(95% Cl, 2.33, 3.70) using a random-effects model as seen in Fig. 2a. The risk of serious
grade 3 and 4 metabolic adverse events was also increased as seen in Fig. 2a with an IRR of
4.58 (95% Cl, 2.86, 7.34).

The risk of a metabolic adverse events were calculated individually for hyperglycemia,
hypercholesterolemia, and hypertriglyceridemia. The IRR of all grade hyperglycemia was
2.95 (95% Cl, 2.14, 4.05) and of grade 3-4 hyperglycemia was 5.25 (95% ClI, 3.07, 9.00) as
demonstrated in Fig. 3a and b. The IRR of all grade hypertriglyceridemia was 2.49 (95% ClI,
1.76, 3.52) and of grade 3-4 hypertriglyceridemia was 2.01 (95% Cl, 0.65, 6.27) as
demonstrated in Fig. 4a and b. The IRR of all grade hypercholesterolemia was 3.35 (95%
Cl, 2.17, 5.18) and of grade 3-4 hypercholesterolemia was 6.51 (95% Cl, 1.48, 28.59) as
seen in Fig. 5a and b. No statistically significant publication bias was detected for the 6 trials
included in the meta-analysis for total metabolic event incidence rate ratio (p = 0.27).

Discussion

The development of molecular targeted therapies has ushered in an era in which clinical
oncologists are required to be familiar with, and manage, adverse events not traditionally
associated with cancer therapy. Many patients with cancer have comorbidities such as
diabetes and cardiovascular disease that may be exacerbated by the side effects of these new
classes of agents. Additionally, as these treatments are moved earlier in the course of
disease, and subsets of patients experience prolonged disease-free survival, the implications
of such chronic toxicities may become even more significant.

In this study we sought to determine the incidence and risk of metabolic adverse events as a
consequence of targeting the mTOR pathway. Our analysis demonstrates an almost 4.5-fold
increase in the risk of serious grade 3 and 4 metabolic adverse events in patients with
advanced solid tumors receiving mTOR inhibitor therapy compared with control.

This study has several potential limitations. There was some inconsistency in the terms used
to report metabolic events with some papers using the term hyperlipidemia while others
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using the term hypertriglyceridemia. Quality and transparency in reporting was inconsistent
for individual studies. For example, baseline information on lipidemia or glycemia was not
available for most studies although some studies commented on whether patients with
uncontrolled lipid or glycemic disease were excluded. We included patients with a variety of
different solid tumors and the risk of metabolic related adverse events could theoretically
vary among tumor types. The small sample sizes precluded subset analyses. We included
patients treated with three different mTOR inhibitors. While each of these drugs inhibits
mTOR, there may be relevant differences with regards to potency and pharmacology.
Aggregate data was utilized rather than individual patient level data. However, studies have
suggested similar results with both approaches and the latter approach is associated with a
unique set of methodological issues and potential biases.32

In summary, the current analysis suggests an increased relative risk of overall and severe
metabolic adverse events, specifically hyperglycemia, hypertriglyceridemia and
hypercholesterolemia, for patients with advanced malignancies treated with mTOR
inhibitors. These results are particularly important as these drugs are moved from clinical
trial populations, with restrictive eligibility criteria, to the general population of cancer
patients with comorbidities that might be severely impacted by these side effects.
Oncologists, primary care physicians, and endocrinologists should be aware of the metabolic
side effects associated with mTOR inhibitors in an attempt to appropriately manage these
toxicities and mitigate risk.
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241 Publications identified from
database search

204 excluded
34 single arm phase | trials
2 No mTOR inhibitor used
10 combination therapy in at least one arm
16 retrospective reviews
140 non solid tumor malignancies
2 review articles

37 phase Il and lll clinical trials
using mTOR inhibitor therapy
retrieved for full review

13 excluded
1 same data reported in multiple articles
12 adequate toxicity not reported

6 RCT’s included in meta-analysis
24 phase Il and Il clinical trials in
systematic review

Fig. 1.
Selection of phase 2 and 3 clinical trials included in the systematic review and selection of
randomized controlled clinical trials (RCT's) for meta-analysis.
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(a) and (b) are number of total metabolic event and total number of metabolic event grade 3

or 4 respectively.
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(@) and (b) are number of total hyperglycemia events and total number of hyperglycemia

events grade 3 or 4 respectively.
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(a) Author(s) Incidence Rate Ratio [95% CI]
Motzer RJ —— 213[1.55,292]
Chawla phase llI —_— 304[204,455]
RE Model ———— 249(1.76,352]

r T T T 1
126 182 265 387 564

Incidence Rate Ratio

(b) Author(s) Incidence Rate Ratio [95% CI]
Motzer RJ 3.50[0.18,67.76]
Chawla, phase lll — 183[054, 626]
RE Model ————- 201[065, 6.27]

[ | : ! | |
0.06 044 349 27.80

Incidence Rate Ratio

Fig. 4.
(a) and (b) are number of total hypertriglyceridemia events and total number of
hypertriglyceridemia events grade 3 or 4 respectively.
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(a) Author(s) Incidence Rate Ratio [95% CI]
Hudes G — - 625[304,1283]
Motzer RJ —i— 220161, 3.01]
Baselga, phase ll e 277[1.24, 619]
Chawla phase lll —— 419([250, 7.02]
RE Model — 335[217, 5.18]

| T T T 1
078 176 399 9.05 2049

Incidence Rate Ratio

(b) Author(s) Incidence Rate Ratio [95% CI]
Hudes G —— 6.25[0.35,110.94]
Motzer RJ "5_._' 11.50[068,195.15]
Baselga, phase |l : 289[0.12, 7095]
Chawla phase ll _—. 7.33[0.38,14184]
RE Model ——————— 651[148, 2859]

T T T T 1
003 036 481 6439

Incidence Rate Ratio

Fig. 5.
(a) and (b) are number of total hypercholesterolemia events and total number of
hypercholesterolemia events grade 3 or 4 respectively.
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Table 1
Trials included in the systematic review and meta-analysis.
Source Phase # # Malignancy MTOR inhibitor Control arm Jadad score
Participants Participants
treatment control arm
arm
(mTOR)
Okuno et al.3 2 40 N/A Advanced soft tissue sarcoma Temsirolimus None N/A
Chawla et al.4 2 212 N/A Metastatic sarcoma Ridaforolimus None N/A
Duran et al.® 2 36 N/A Advanced neuroendocrine carcinoma  Temsirolimus None N/A
Chang et al.6 2 43 N/A Recurrent glioblastoma multiforme Temsirolimus None N/A
Galanis et al.” 2 65 N/A Recurrent glioblastoma multiforme Temsirolimus None N/A
Atkins et al.23 2 Arm 1:36 N/A Advanced refractory renal cell Temsirolimus Temsirolimus N/A
Arm 2: 38 carcinoma
Arm 3: 36
Tarhini et al.8 2 40 N/A Relapsed small cell lung cancer Everolimus None N/A
Slomovitzetal.® 2 35 N/A Recurrent endometrial carcinoma Everolimus None N/A
Doi et al .10 2 53 N/A Metastatic gastric cancer Everolimus None N/A
Yao et al.1t 2 115 N/A Metastatic pancreatic Everolimus None N/A
neuroendocrine tumors
Ellard et al.12 2 33 16 Metastatic breast cancer Everolimus Everolimus N/A
Amato et al.13 2 39 N/A Renal cell cancer Everolimus None N/A
Seront et al.14 2 37 N/A Locally advanced or metastatic Everolimus None N/A
bladder cancer
Wolpin et al.1 2 33 N/A Pancreatic cancer Everolimus None N/A
Hudes et al.16 3 416 200 Renal cell cancer Temsiroliums Interferon 3
Motzer et al 17 3 274 137 Renal cell cancer Everolimus Placebo 4
Yao et al.18 3 204 203 Pancreatic neuroendocrine Everolimus Placebo 5
Baselga et al .19 3 482 238 Metastatic breast Everolimus + exemstane ~ Placebo + exemestane 5
Baselga et al. 20 2 137 132 Metastatic breast Everolimus + letrozole Letrozole + placebo 4
Chan etal. 2 55 51 Locally advanced or metastatic Temsirolimus Temsirolimus N/A
breast cancer
Pandya et al.?2 2 45 41 Extensive-stage small-cell lung Temsirolimus Temsirolimus N/A
cancer
Chawla et al.30 3 343 359 Metastastic sarcoma Ridaforolimus Placebo Unable to assess
Javle et al.28 2 4 N/A Metastatic pancreatic cancer Temsirolimus None N/A
Margolinetal2® 2 33 N/A Metastatic melanoma Temsirolimus None N/A
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