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A B S T R A C T

Agents inhibiting the phosphoinositide 3-kinase–Akt–mammalian target of rapamycin (PAM)
pathway are currently in various stages of clinical development in oncology, ranging from some in
early-phase evaluations to others that have already received regulatory approval for treatment in
advanced cancers. The administration of PAM pathway inhibitors has been associated with
metabolic toxicities of hyperlipidemia and hyperglycemia. The PAM Task Force of the National
Cancer Institute Investigational Drug Steering Committee convened an interdisciplinary expert
panel to review the pathophysiology of hyperlipidemia and hyperglycemia induced by PAM
pathway inhibitors, summarize the incidence of these metabolic toxicities induced by such agents
in the current literature, advise on clinical trial screening and monitoring criteria, and provide
management guidance and therapeutic goals on occurrence of these toxicities. The overarching
aim of this consensus report is to raise awareness of these metabolic adverse events to enable
their early recognition, regular monitoring, and timely intervention in clinical trials. Hyperglycemia
and hyperlipidemia are generally not acutely toxic and most often reversible with therapeutic
intervention. Dose modifications or discontinuation of PAM pathway inhibitors should only be
considered in situations of severe events or if progressive metabolic derangement persists after
therapeutic interventions have been attempted for a sufficient duration. Specialty consultation
should be sought to aid clinical trial planning and the management of these metabolic
adverse events.

J Clin Oncol 30:2919-2928. © 2012 by American Society of Clinical Oncology

INTRODUCTION

This article focuses on management recommen-
dations for the metabolic toxicities (ie, hyperlip-
idemia and hyperglycemia) induced by anticancer
agents that inhibit signaling in the phosphoinosi-
tide 3-kinase (PI3K) –Akt–mammalian target of
rapamycin (mTOR; PAM) pathway. Many points
along this pathway may be disrupted to achieve a
therapeutic effect. The oldest subclass of drugs in
this category is composed of the mTOR inhibi-
tors, which have long been used in the postrenal
and postcardiac transplantation settings. Thus far,
three mTOR inhibitors (temsirolimus, everoli-
mus, and sirolimus) have been approved for mar-
keting in the United States by the US Food and
Drug Administration, with several other com-
pounds affecting the PAM pathway in various
stages of clinical development.

Concepts of serum lipids and blood glucose
management have generally been intended to re-
duce long-term morbidity and mortality associated
with these metabolic abnormalities. In contrast to
the population for whom these long-term risk re-

duction concepts have been studied, PAM pathway
inhibitor therapy is currently indicated for patients
with advanced cancers who most likely have limited
life expectancy. The goals emphasized in this article
are targeted to decrease short-term morbidity asso-
ciated with these metabolic derangements.

Given the limited data with this expanding class
of drugs, the recommendations herein for screening,
monitoring, and management of hyperglycemia
and hyperlipidemia are based on consensus opinion
of the task force. This interspecialty panel has re-
viewed: the published literature, abstracts from ma-
jor meetings, shared experience with development
of PAM therapies, and principles of hyperglycemia
and hyperlipidemia management.

PATHOPHYSIOLOGY OF HYPERLIPIDEMIA AND
HYPERGLYCEMIA INDUCED BY PAM

PATHWAY INHIBITORS

Invitro, invivo,andclinicalstudiesfromthetransplan-
tation setting (with the mTOR inhibitor rapamycin)
were analyzed in generating pathophysiologic insights.
Because mTOR is a downstream component of the
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PAM pathway, drugs affecting earlier steps may produce similar adverse
effects. The detailed mechanisms by which PAM pathway inhibitors can
cause these metabolic derangements are unclear; some likely mecha-
nisms of these metabolic derangements are described herein.

Insulin is a key hormone regulating metabolism, clearance, and
storage of both glucose and lipids. The PAM pathway contains key
effectors in the insulin signaling pathway, and it is therefore not sur-
prising PAM pathway inhibitors may produce clinically important
metabolic effects. In a mouse model of type 2 diabetes, rapamycin was
shown to increase insulin resistance and reduce beta-cell function and
mass.1 The normal physiologic response to hyperglycemia is to in-
crease insulin secretion; this was diminished by rapamycin treatment
in mice and patients who had undergone renal transplantation, re-

spectively.1,2 Induction of insulin resistance and dysregulation of in-
sulin action seem central to the pathophysiology of drug-induced
hyperglycemia and hyperlipidemia.

Hyperlipidemia

The pattern of hyperlipidemia seen with mTOR inhibitors in-
volves elevations in total cholesterol, LDL, and triglycerides. Figure 1A
represents a schematic summary of probable contributing pathophys-
iologic factors of PAM pathway inhibitor–induced hyperlipidemia.

The pathophysiology of PAM pathway inhibitor–induced dys-
lipidemia most likely involves impaired clearance of lipids from the
bloodstream as opposed to increased hepatic synthesis.3 A study in
patients who had undergone renal transplantation demonstrated that
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Fig 1. Pathophysiology of (A) mammalian
target of rapamycin (mTOR) inhibitor–induced
hyperlipidemia and (B) phosphoinositide 3-
kinase–Akt–mTOR pathway inhibitor–induced
hyperglycemia. LPL, lipoprotein lipase; TG,
triglyceride; VDL, very low density lipoprotein.
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rapamycin increases the total free fatty acid pool as well as total cho-
lesterol, LDL cholesterol, and triglyceride levels.4 Rapamycin has been
shown in primary cultures of rat hepatocytes to affect hepatic fatty acid
metabolism by promoting �-oxidation while decreasing flux into
anabolic storage pathways.5 Because glucose uptake and glycogen
synthesis were decreased, the authors suggested that rapamycin in-
duced a fasting metabolic phenotype,5 which is characterized by pref-
erence for fatty acids as a metabolic fuel and a high rate of lipolysis,
leading to high serum levels of fatty acids. In this study, rapamycin
affected the transcription of key metabolic enzymes involved in he-
patic lipid metabolism in a manner consistent with inhibition of
lipogenic pathways, favoring lipolysis.

Another pathophysiologic mechanism whereby PAM pathway
inhibitors may cause impaired lipid clearance and hyperlipidemia is
via inhibition of insulin-stimulated lipoprotein lipase (LPL).6 LPL
hydrolyzes the triacylglycerol component of circulating lipoprotein
particles, thereby mediating the uptake of fatty acids into adipose
tissue and muscle. Insulin, a lipogenic hormone, is the principal factor
responsible for regulating LPL activity to deposit triglycerides in adi-
pose tissue. In rat adipose cells, the insulin signaling pathway regulat-
ing LPL has been shown to be rapamycin sensitive and also sensitive to
wortmannin, a specific inhibitor of PI3K.6 Thus, it is possible that in
humans, inhibition of the PAM pathway results in impairment of LPL
activity, an enzyme critical for peripheral fatty acid uptake.

Another study in patients who had undergone renal trans-
plantation also supports impaired clearance of triglycerides from
the bloodstream as a mechanism of hyperlipidemia mediated by
PAM pathway inhibitors. In kidney transplant recipients with
rapamycin-related hypertriglyceridemia, Hoogeveen et al7 demon-
strated a significant reduction in the fractional catabolic rate of
very LDL apoB100 (a triglyceride-rich lipoprotein) rather than an
enhanced very LDL–apoB100 synthesis.

Hyperglycemia

PAM pathway inhibitors have also been shown to cause hyper-
glycemia in the transplantation and oncologic settings.2,8-10 The
pathophysiology has been better elucidated with mTOR inhibitors
compared with other agents. Figure 1B shows a schematic summary of
probable contributing pathophysiologic factors of PAM pathway
inhibitor–induced hyperglycemia.

Hyperglycemia is in part a result of the induction of a fasted
metabolic state characterized by reduced utilization of glucose and
preference for fatty acids as a metabolic fuel. Skeletal muscle is a major
target for insulin-stimulated glucose disposal and suppression of fatty
acid oxidation after a meal. Long-term rapamycin treatment in L6
muscle cells has affected fuel metabolism, promoting �-oxidation of
fatty acids while diminishing basal glucose transport and glycogen
synthesis.11 Also, in the presence of rapamycin, the regulatory effects
of insulin on glucose and fatty acid metabolism have been dimin-
ished.3 An increase in fatty acid oxidation and decrease in glucose
utilization is a behavior characteristic of the fasted metabolic state.
Metabolic switching between fatty acids and glucose for energy pro-
duction is a normal physiologic response. Rapamycin seems to induce
a behavior suitable for the fasted environment regardless of circum-
stances. Rapamycin has increased fatty acid oxidation by 60%, accom-
panied by increased activities of carnitine palmitoyltransferases I (ie,
the primary intracellular regulatory enzyme of the fatty acid oxidation

pathway). Glucose transport capacity, glycogen synthesis, and glycol-
ysis have also been reduced by approximately 40%.7

Rapamycin-induced hyperglycemia also seems to result from
interference with insulin signaling. Di Paolo et al11 showed an
insulin-resistant picture in renal transplant recipients who were
administered chronic rapamycin. In vivo expression and activa-
tion of PI3K/Akt and insulin receptor substrates (IRS-1 and IRS-2)
were investigated. A decrease of basal and insulin-stimulated Akt
phosphorylation, which correlated with an increase of patients’
insulin resistance, was demonstrated. In addition, an insulin-
induced tyrosine phosphorylation pattern mimicking that fo-
und in type 2 diabetes was observed. Rapamycin may also interfere
with insulin signaling both upstream and downstream of Akt via
other mechanisms.

The mechanism of hyperglycemia for the pan-Akt kinase inhib-
itor GSK690693 was investigated in mice and rats.12 Increased glucose
and insulin levels were noted, with resulting hyperglycemia lasting for
approximately 6 hours postdose. An increase in the phosphorylation
of the insulin receptor (Tyr1150/Tyr1151) was observed in liver lysates of
GSK690693-treated mice 2 hours after compound administration.
However, this increased insulin receptor activation was counteracted
by a reduction in phospho-GSK-3� (Ser9), consistent with inhibition
of Akt kinase activity. Additionally, contrary to normal physiology,
glucagon levels transiently increased along with insulin levels after
administration. Analysis of animal livers treated with the compound
showed dramatically reduced liver glycogen, which the authors sug-
gested might point to an inhibition of glycogen synthesis and/or acti-
vation of glycogen breakdown in the liver (ie, glycogenolysis). This
hypothesis was supported by the finding that fasting mice for 16 or 20
hours (which lowers liver glycogen stores) before drug administration
prevented hyperglycemia, supporting glycogenolysis in the liver as the
etiology. Inhibition of peripheral glucose uptake (as demonstrated by
micropositron emission tomography imaging) was found to be an-
other mechanism of hyperglycemia. Of importance, hyperglycemia
was not responsive to a variety of antidiabetic medications tested and
was minimally responsive to insulin infusion in this mouse model; this
drug is currently not in human clinical trials.

INCIDENCE OF HYPERLIPIDEMIA AND HYPERGLYCEMIA
INDUCED BY PAM PATHWAY INHIBITORS

Incidence data for PAM pathway inhibitor–mediated hyperlipidemia
and hyperglycemia are limited at the current time. mTOR inhibitors
may increase total cholesterol, triglycerides, and glucose,9,10,13 as sum-
marized in Table 1. Grades 3 to 4 hyperglycemic events are more
frequent than hyperlipidemic events with these agents. Grades 1 to 2
toxicities are included, because management recommendations begin
earlier than grade 3 events (described under Management of Hyper-
lipidemia). The frequency of elevations in LDL, an important athero-
genic component of cholesterol, is not known; this is not one of the
adverse events listed in the Common Terminology Criteria for Ad-
verse Events (CTCAE; Appendix Table A1, online only), and hence, it
is not often reported in clinical trials.

PI3K and Akt inhibitors do not seem to cause hyperlipidemia,
although they may cause hyperglycemia. However, only a limited
number of patients have been treated with these agents, because
most are currently undergoing early development in phase I and II
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trials.14-27 Of note, given the large and growing population of
prediabetics and diabetics, the true incidence of hyperglycemia
resulting from these agents in the general cancer population is
underestimated from studies that by and large have excluded dia-
betic and prediabetic patients. In the experience of the panel, these
targeted therapies have a higher incidence of metabolic toxicities in
patients with insulin resistance, patients with metabolic syndrome
phenotype, or those with a family history of such. With a rapid
increase in these metabolic disturbances in patients with cancer,
the incidence of the metabolic adverse events from these therapies
will likely be much greater when applied to later-phase studies
(II/III) and postmarketing (phase IV and later).

MANAGEMENT OF HYPERLIPIDEMIA

PAM pathway inhibitors may cause an increase in total cholesterol,
LDL, other atherogenic lipoproteins, and triglycerides. Elevation
in LDL cholesterol is one of the most important risk factors for the
development of cardiovascular diseases and was the number-one
cause of death among adults in the United States in 2009.28 High
triglycerides, a component of metabolic syndrome, are indepen-
dently associated with cardiovascular disease.29 It is uncertain
whether lowering triglycerides reduces cardiovascular events.30 St-
atins (HMG CoA reductase inhibitors), which primarily target
LDL cholesterol, have reduced cardiovascular risk and death in
many randomized trials,30,31 with benefits observed as early as 6
months.32 However, the effects of LDL and/or triglyceride lower-
ing in patients with advanced cancer receiving chemotherapy vis-
á-vis acute toxicities are unknown.

Screening, Monitoring, and Eligibility

Although the CTCAE only encourages reporting of total choles-
terol and triglycerides, the entire fasting lipid panel (FLP; including
total cholesterol, triglycerides, LDL, HDL) should be obtained at base-
line for all phases of study (fasting blood is prefereable; nonfasting
sample is less preferable, because triglyceride levels will be elevated as a
result of nonfasting status). LDL cholesterol is often more clinically
relevant than total cholesterol and should be monitored and treated as
necessary with agents inhibiting the PAM pathway.

Although most studies have suggested that lipids increase in the
earlier cycles of therapy, no formal studies have been performed to
evaluate the precise timing of onset of hyperlipidemia with these
agents. This panel recommends the following for PAM pathway in-
hibitors that modulate mTOR (because these are the agents shown to
cause lipid derangements):

For phase I studies, an FLP should be checked at baseline and
monitored once per week for the first two cycles and then once with
every cycle if no hyperlipidemia is observed. For phase II and later-
phase studies, an FLP should be checked at baseline and monitored
with every cycle, unless observations from respective phase I studies
suggest otherwise.

For all patients newly initiated on lipid-lowering treatment, an
FLP should be rechecked once every cycle or after each experimental
drug dose change. If lipids are increasing at the end of a given cycle,
therapy may be uptitrated or altered; if lipids are the same or lower at
the end of a given cycle, lipid-lowering treatment should not be upti-
trated for 6 weeks from initiation of therapy. An FLP should be
rechecked once every 3 months after lipids have stabilized. Liver func-
tion tests (ALT/AST) should be performed during lipid-lowering

Table 1. Epidemiology

Drug

Hypertriglyceridemia (%) Hypercholesterolemia (%) Hyperglycemia (%)

All Grades Grades 3 to 4� All Grades Grades 3 to 4† All Grades Grades 3 to 4‡

Approved
Everolimus 71 � 1 76 3 50 12
Placebo (n � 416)9 30 0 32 0 23 1
Temsirolimus 27 3 24 1 26 11
IFN-� (n � 408)10 14 1 4 0 11 2

Investigational§
PI3K inhibitors14-17

GDC-0941 None described None described 48 2
BKM120 None described None described 30 5

PI3K/mTOR inhibitors18-21

XL765 None described None described 10 0
GSK2126458 None described None described 7 2
GDC-0980 None described None described 83 14

Akt inhibitors22-24

GDC-0068 None described None described 41 0
MK-2206 None described None described 13 3
GSK2141795 None described None described 19-21 4

mTOR (TORC1 or TORC1/2) inhibitors25-27

Ridaforolimus 41 0 28 0 22-28 6-13

Abbreviations: IFN-�, interferon alfa; mTOR, mammalian target of rapamycin; PI3K, phosphoinositide 3-kinase; TC, total cholesterol; TG, triglycerides.
�TG � 500 mg/dL.
†TC � 400 mg/dL.
‡Glucose � 250 mg/dL.
§Data from phase I trials.
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therapy. Suggested eligibility criteria for clinical trials are: LDL choles-
terol � 190 mg/dL and triglycerides � 300 mg/dL.

Treatment of Hyperlipidemia

mTOR inhibitors have been shown to cause elevations in both
LDL cholesterol and triglycerides. Elevated LDL cholesterol and trig-
lycerides may need to be managed with different therapies. As per the
third report of the guidelines from the National Cholesterol Education
Program Expert Panel on Detection, Evaluation, and Treatment of
High Blood Cholesterol in Adults,33 the primary target of lipid lower-
ing should be to lower LDL cholesterol to reduce cardiovascular ef-
fects; secondary targets include triglyceride lowering and increasing
HDL cholesterol. If the agent responsible for hyperlipidemia is discon-
tinued, newly initiated lipid-lowering therapies can likely also be
stopped in accordance with the half-life of the agent.

Goals of therapy are to keep fasting triglycerides � 300 mg/dL
and LDL � 190 mg/dL (lower LDL depending on cardiovascular risk)
in those with a life expectancy � 1 year. The goals for fasting triglyc-
erides can be raised to � 500 mg/dL for those in phase I studies or with
life expectancy � 1 year. Although there is a paucity of data on the
effects of hyperlipidemia and cancer outcomes, the current goals have
been chosen to decrease risk of established complications of hypertri-
glyceridemia (pancreatitis) and hypercholesterolemia (cardiovascu-
lar events).

Hypertriglyceridemia. Figure 2A provides a management algo-
rithm of hypertriglyceridemia. Note that all patients should be
instructed in therapeutic lifestyle changes (TLC) if clinically appro-
priate for their situation (Table 2). Hyperglycemia should be

treated, because better glycemic control will lower triglycerides.
Depending on the magnitude of the triglyceride elevation, drug
therapy may be indicated.

In patients with high triglycerides � 500 mg/dL (ie, 200 to 500
mg/dL [CTCAE v.4, grade 1/2]), LDL cholesterol lowering, usually
with statin drugs, should be given priority because of extensive clinical
evidence showing that statins reduce cardiovascular events. Provided
LDL cholesterol is at target level, adding drug therapy to lower triglyc-
erides may be considered. Stronger consideration for treatment
should be given to those with diabetes or cardiovascular disease and
those continuing to receive the anticancer agent associated with ele-
vated triglycerides, because these patients have a high propensity for
further elevation in triglyceride levels.

Drug therapy to specifically lower triglycerides is unequivocally
indicated (regardless of LDL cholesterol) in patients with triglyceride
levels � 500 mg/dL (CTCAE v.4, grade 3) because of the risk for acute
pancreatitis. Options in such cases would be a fibrate (fenofibrate or
gemfibrozil), omega-3-acid ethyl esters (fish oil), extended-release
niacin, or a combination thereof. In those with estimated survival � 1
year, the goal for lowering triglycerides should be � 500 mg/dL to
avoid risk for pancreatitis. For patients with complex oncologic cases
such as these, omega-3-acid ethyl esters are a good option, because
they are associated with fewer adverse effects and drug interactions.
Caution must be taken when prescribing lipid-lowering agents (spe-
cifically fibrates), because they may interact with various PAM path-
way inhibitors (via competitive inhibition of cytochrome P (CYP)
3A4); the combination of liver metastases and drug interaction may
cause increased interaction with these agents.

Triglycerides = 
150-299 mg/dL Triglycerides ≥ 500 mg/dL

Triglycerides =
300-499 mg/dL

• TLC*†
• Treat LDL cholesterol to target†
• If present, treat hyperglycemia

• TLC*
• Treat LDL cholesterol to target†
• Consider drug therapy, 
  especially if high CV risk‡

TLC1* + drug
therapy§

A

B

Step 1: CV disease risk assessment

• If LDL > goal:
• If receiving no medications, consider starting statin drug
• If already taking LDL-lowering agent, increase dose 
  versus add another class of LDL-lowering agent

TLC (if feasible) x 3 months†

No CV disease or CV
disease risk equivalent*

Goal LDL

evitaleR091>LDLhtiwstneitapllA  in LDL to > goal

< 190 mg/dL < 100 mg/dL

CV disease risk
equivalents

(highest risk)

Fig 2. (A) Treatment of phosphoinositide
3-kinase–Akt–mammalian target of rapa-
mycin (PAM) pathway inhibitor–induced
hypertriglyceridemia. (*) Therapeutic life-
style changes (TLC), if appropriate: weight
reduction, physical activity, avoid simple
sugars (Table 2) and alcohol, consult reg-
istered dietician. (†) For triglyceride levels
of 150 to 499 mg/dL, triglyceride lowering
is secondary to achieving individual LDL
cholesterol target. (‡) High risk defined as
those continuing to receive PAM pathway
inhibitor agent, with anticipated increase
in triglycerides, or those with diabetes or car-
diovascular (CV) disease (Table 2). (§) Options:
fibrates (fenofibrate or gemfibrozil), fish oil
(omega-3-ethyl esters), extended-release nic-
otinic acid. (B) Treatment of PAM pathway
inhibitor–induced hypercholesterolemia, if pro-
gnosis � 1 year. (*) CV risk equivalents de-
fined in Table 2. (†) TLC in diet and exercise
(Table 2).
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LDL lowering. For purposes of management of elevated LDL
resulting from PAM pathway inhibitors, all patients should be in-
structed in TLC. All patients with LDL cholesterol levels � 190 mg/dL
should be treated with statin therapy if TLC fails. Risk factors that
modify LDL cholesterol goals should be assessed (Table 2) and LDL
goals adjusted based on presence of two or more cardiovascular risk
factors.34 Consideration to lower goals of LDL cholesterol can be given
to those at higher risk of cardiovascular events in the short term (older
age, smoking, hypertension, diabetic); lower LDL goals can be based
on prognosis and cardiovascular risk, similar to National Cholesterol
Education Program recommendations, in those with life expectancy � 1
year.33 Figure 2B depicts a management algorithm for elevated LDL cho-
lesterol in patients with a prognosis � 1 year. Note that statin drugs are
first-line therapy for LDL cholesterol elevation.

Randomized trials have shown that statin therapy reduces car-
diovascular events in high-risk patients as early as 6 months.32 Patients
with cancer with a prognosis � 1 year may therefore benefit as early as
6 months with treatment of hyperlipidemia. Any patient with coro-
nary heart disease risk as defined in Table 2 (see CHD risk equivalents)
is at high risk and should continue to receive lipid-lowering therapy if
feasible, regardless of prognosis.33 If a high-risk patient experiences an
increase in LDL cholesterol to � 100 mg/dL after receiving PAM
pathway inhibitor therapy, the following should be considered: upti-
tration of a lipid-lowering medication, addition of another agent, or
appropriate referral. For non–high-risk patients, drug therapy should
only be considered in those patients with an estimated survival �
6 months.

Myopathy and, rarely, rhabdomyositis are potential compli-
cations of statin therapy. Concomitant treatment with certain
CYP450 inhibitors may increase the risk of these complications.
Pravastatin is not metabolized by CYP enzymes and may be useful
in such situations.

Management in the Clinical Trial Setting

The management recommendations discussed thus far apply to
both the standard of care and research settings, but the information in
this section is specific to clinical trials (Table 3).

Dose-limiting toxicity: phase I. For phase I studies, if grade 3 or 4
hyperlipidemia (hypertriglyceridemia or hypercholesterolemia) is ob-
served (per protocol guidelines), patients should have a consultation
with an endocrinologist or lipidologist (if available). Because therapy
can take 4 weeks to lower lipid levels, grade 3 or 4 hyperlipidemia
should not constitute a dose-limiting toxicity (DLT) in the first cycle;
rather, lipids should be treated aggressively per the guidelines and
recommendations of the task force. Persistent hyperlipidemia that
does not improve to grade 2 despite treatment within 2 months for
grade 3 hyperlipidemia, or within 1 month for grade 4 hyperlipidemia,
should be considered dose limiting. However, because hyperlipidemia
can occur beyond the typical DLT windows in phase I trials, it would
be important to consider such metabolic events in the context of all
DLT data at the completion of a phase I trial.

Dose modifications: later-phase trials (phase II or III). For phase II
and later-phase studies, the study drug should be continued at current
dose and dose reduction implemented if hyperlipidemia does not
improve within 2 months in the case of grade 3 hyperlipidemia and 1
month in the case of grade 4 hyperlipidemia.

MANAGEMENT OF HYPERGLYCEMIA

Hyperglycemia and/or diabetes in patients with cancer have been
associated with poor outcomes.35 Large, long-term randomized
controlled trials in diabetics have shown that lowering glucose to
near-normal levels improves microvascular morbidity36,37; these

Table 2. TLC, CHD Risk Equivalents and Major Risk Factors for CHD*

Factor Description

TLC†
Diet Saturated fat � 7% of calories

Cholesterol � 200 mg per day
Consider increased viscous (soluble) fiber (10 to 25 g per day) and plant stanols/sterols (2 g per day) to enhance

LDL lowering
Weight management Consider registered dietician consultation
Increased physical activity

CHD
Risk equivalents Other clinical forms of atherosclerotic disease (peripheral arterial disease, abdominal aortic aneurysm,

symptomatic carotid artery disease)
Diabetes
Multiple risk factors that confer 10-year risk for CHD � 20%

Major risk factors modifying LDL goals‡ Cigarette smoking
Hypertension (BP � 140/90 mmHg or receiving antihypertensive medication)
Low HDL cholesterol (� 40 mg/dL)§
Family history of premature CHD
CHD in male first-degree relative age � 55 years
CHD in female first-degree relative age � 65 years
Age (men, � 45 years; women, � 55 years)

Abbreviations: BP, blood pressure; CHD, coronary heart disease; TLC, therapeutic lifestyle changes.
�Data adapted.33

†Implement if feasible, given diagnosis, performance status, and prognosis.
‡Exclusive of LDL cholesterol.
§HDL cholesterol � 60 mg/dL counts as negative risk factor; its presence removes one risk factor from total count.
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data are of uncertain relevance to patients with cancer with short-
ened life spans.36,38,39

The goals of treatment in oncologic patients with metastatic disease
and shortened life expectancy are to preserve quality of life via prevention
of acute signs (polyuria, nocturia, polydipsia) and subsequent subacute
complications of sustained hyperglycemia such as: infections, hyperco-
agulability, catabolic weight loss, and osmotic diuresis. The latter occurs
when the renal threshold for glucose is overwhelmed and may eventually
result in hospital admission for volume depletion, electrolyte abnormali-
ties, and/or hyperosmolar hyperosmotic nonketotic state. Diabetic keto-
acidosis, a state of relative or absolute insulin deficiency, may also result
from sustained hyperglycemia. Regular blood sugar monitoring and an
action plan can help prevent such complications from developing, be-
cause theyaremainlyassociatedwithundetectedanduntreatedhypergly-
cemia. By analogy, steroid-induced hyperglycemia associated with
chemotherapymayoftengoundetectedandeventuallynecessitateadmis-
sion.Hypoglycemia isapotentially life-threateningadverseeffectof sulfo-
nylureadrugsandinsulin;byandlarge, thebloodsugargoalsof treatment
should be less aggressive in patients with advanced cancer who may expe-
rience asthenia, anorexia, stomatitis, and diarrhea. Variable nutrient in-
take can precipitate hypoglycemia in the setting of sulfonylurea or insulin
use. The use of premeal rapid-acting analog insulin allows a patient to eat
at flexible meal times and skip meals as needed. Insulin is often the safest
option in patients with multiple comorbidities. If a PAM pathway inhib-
itor is discontinued, the antidiabetic agents should also be stopped and
blood glucose observed.

The treatment goals for glycemic control should be: 1) fasting
plasma glucose � 160 mg/dL; 2) random plasma glucose � 200
mg/dL; and 3) HbA1c � 8% to prevent the acute symptoms and
subacute complications of hyperglycemia, while making every at-
tempt to avoid hypoglycemia.

Screening and Monitoring

No history of diabetes. For monitoring while a patient is receiving
PAM pathway inhibitors, we suggest checking fasting (preferably) or
random glucose at baseline and every visit. Any nondiabetic patient
who has high-risk features of potential for future diabetes (ie, abnor-
mal fasting glucose � 100 mg/dL, random glucose � 140 mg/dL) or is
at high risk (ie, overweight [BMI � 25], family history of diabetes,
history of gestational diabetes, receiving steroids, hyperlipidemic)
should perform home blood glucose monitoring once per day for the

first week of cycle one, alternating between before breakfast, lunch, or
dinner. Some of these agents may not cause hyperglycemia until cycle
two or three; therefore, monitoring blood sugar two or three times per
week in cycles two and three is also recommended. In the event of
grade 1 or higher hyperglycemia, more frequent monitoring may be
necessary, and intervention should be taken as per the algorithm
provided (Fig 3). Also, in hyperglycemic patients who develop anion
gap metabolic acidosis while receiving PAM pathway inhibitors, in the
context of appropriate signs and symptoms, a diagnosis of diabetic
ketoacidosis should be considered.

History of diabetes. Monitoring of blood sugars should be con-
tinued as patient was doing before starting PAM pathway inhibitors
and should be intensified if blood sugars are not at goal.

Management

No history of diabetes. Depending on the pharmacokinetics and
schedule of the agent, hyperglycemia may be transient, or it may resolve
before a subsequent dose. Transient grade 1 or 2 hyperglycemia does not
need to be treated. Metformin is the first-line drug for management of
sustained grade 1, grade 2, and asymptomatic grade 3 hyperglycemia (Fig
3). It does not cause hypoglycemia. Metformin is contraindicated in pa-
tientswithriskfactorsforlacticacidosis(reductioninglomerularfiltration
rate � 60 mL/min, significant impairment in liver synthetic function,
states of decreased tissue perfusion such as myocardial infarction and
sepsis). It should be uptitrated to maximum dose gradually over 1 to 2
weeks to avoid GI adverse effects. Any patient initiated on sulfonylurea or
insulin therapy should be instructed on how to recognize and treat hypo-
glycemia. Sulfonylureas are to be avoided in renal insufficiency (repaglin-
ideandsitagliptinarealternativeoptionsinthissituation).Patientsshould
call their physician for any blood glucose � 70 mg/dL.

If PAM pathway inhibitors are administered on intermittent
schedules, or if they are discontinued, the administration of glucose-
lowering agents must be adjusted by close monitoring, because the
levels of glucose can fluctuate. Particular caution should be exercised
in patients receiving agents capable of causing hypoglycemia (insulin
and sulfonylureas); these agents should be stopped in patients with no
prior history of use when PAM pathway therapy is interrupted.

The following algorithm provides recommendations on thera-
peutic interventions if patients develop hyperglycemia while receiving
PAM pathway inhibitors:

• Grade 1: fasting glucose � 125 to 160 mg/dL

Table 3. Summary of Glycemic and Lipid Thresholds for Eligibility, Treatment, and Dose-Limiting Toxicity

Factor Glycemic Lipid

Eligibility for trials Do not use HbA1C LDL cholesterol � 190 mg/dL
Fasting glucose � 160 mg/dL� Triglycerides � 300 mg/dL

Goals on trial HbA1C � 8%† LDL cholesterol � 190 mg/dL‡
Fasting glucose � 160 mg/dL Triglycerides � 300 mg/dL
Random glucose � 200 mg/dL

Dose-limiting toxicity Grade 3 or asymptomatic grade 4 hyperglycemia not
improving despite appropriate treatment for 1
week

Grades 3 to 4 hyperlipidemia (total cholesterol � 400 mg/dL or triglycerides
� 500 mg/dL) not improving despite appropriate treatment for 4 weeks

Symptomatic grade 4 hyperglycemia (� 500 mg/dL)

�If fasting plasma glucose � 160 mg/dL, period of 1 to 2 weeks of reasonable blood sugar control (as deemed by physician review of home blood glucose
monitoring) is necessary for subsequent study eligibility.

†HbA1C may not be reliable in states of increased red blood cell turnover and chronic renal failure.
‡Assuming zero to one cardiovascular risk factor present. If � two risk factors present, consider lower LDL goals.
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Start once-per-day home glucose monitoring (alternate between
fasting glucose and predinner glucose); blood glucose log should be
assessed by health care provider once each week. If appropriate in
clinical context, refer to nutritionist for dietary education on diabetic
diet, increase aerobic exercise, and refer to diabetes educator for com-
prehensive diabetic education on nonpharmaceutical interventions
or TLC.

• Grade 2: fasting glucose � 160 to 250 mg/dL
Start twice-per-day home glucose monitoring (before breakfast

and dinner) and TLC. Figure 3A illustrates management of grade
2 hyperglycemia.

• Asymptomatic grade 3: fasting glucose � 250 to 500 mg/dL
Start home glucose monitoring before meals twice per day (be-

fore breakfast and dinner) and TLC. Figure 3B illustrates management
of asymptomatic grade 3 hyperglycemia.

• Symptomatic grade 3 or asymptomatic grade 4: fasting glu-
cose � 500 mg/dL

Consider intravenous fluids because of risk of volume depletion.
Check home blood glucoses before meals three times per day and at
bedtime. Figure 3C illustrates management of symptomatic grade 3 or
asymptomatic grade 4 hyperglycemia.

• Symptomatic grade 4: fasting glucose � 500 mg/dL
DLT; refer to endocrinology or diabetes treating specialist.
History of diabetes. The treatment of those with a history of

diabetes is similar to that for patients without, with the exception
based on treatment the diabetic patient received before starting PAM
pathway inhibitors. The same pre-PAM pathway inhibitor antidia-
betic regimen is to be continued if blood glucoses are at goal (fasting �
160 mg/dL; random � 200 mg/dL). Additional therapies in the order
described for those without history of diabetes should be incremen-
tally added (Fig 3D).

Management in the Clinical Trial Setting

The management recommendations discussed thus far apply to
both the standard of care and research settings, but the information in
this section is specific to clinical trials (Table 3).

Eligibility criteria. In trials investigating agents that potentially
cause hyperglycemia, diabetics are often excluded. There are multiple
problems with the exclusion of diabetics: 1) diabetics are a large and
growing part of the cancer population; 2) using a history of diabetes
underdiagnoses a large population of truly diabetic patients; 3) de-
pending on what definition of diabetes is used, patients who are mildly
hyperglycemic may be unnecessarily excluded, and patients who will
still develop a high-grade adverse event, despite no prediagnosis of
diabetes, may be included. There are two options for eligibility of
diabetics. In the first option, diabetics should not be excluded from
trials investigating agents that can cause hyperglycemia; one can con-
sider separating cohorts into diabetics and nondiabetics and then
evaluate DLTs separately. In this option, one should have consultation
available to aid with management of hyperglycemia, should it be
necessary. In option two, diabetics are excluded from early-phase trials
and allowed to participate in later-phase trials. Given the large popu-
lation with diabetes, the experience to date, and reasons provided here,
option one is preferred by the authors.

HbA1C should not be used as a screening eligibility criterion.
This is because of the fact that HbA1C changes slowly (full change
occurs over 3 months), whereas a patient may be brought under
reasonable glycemic control as early as 1 to 2 weeks after aggressive

Management for grade 2 hyperglycemia
(161-250 mg/dL)

Check home blood glucoses AC BID

After 2 weeks: If fasting glucose grade 2 or random glucose > 200 mg/dL

After additional 1 week: If fasting glucose > 160 mg/dL or random glucose > 200 mg/dL

Stop oral agents. Begin basal bolus insulin four injections/day.

*nimrofteM)CLT( egnahc elytsefiL

Continue metformin* Add sulfonylurea and titrate

nilusni lasab ddAstnega laro owt eunitnoC

A

Management for asymptomatic grade 3 hyperglycemia
(250-500 mg/dL)

Begin metformin* and sulfonylurea

After 1 week: If fasting glucose > 160 mg/dL or random glucose > 200 mg/dL

After additional 1 week: If fasting glucose > 160 mg/dL or random glucose > 200 mg/dL

Check home blood glucose AC BID Rapidly titrate oral agents

Add basal insulin to oral agents Titrate basal insulin to fasting glucose

Stop oral agents; add premeal insulin Check glucose AC TID and QHS

B

Management for hyperglycemia in previously diagnosed diabetics
If on TLC only, begin metformin*

If initiated PAM pathway inhibitor on oral hypoglycemia agents
and fasting glucose > 160 mg/dL or random glucose > 200 mg/dL

Check home blood glucose AC BID Follow Tables 4a-c and rapidly add 
sulfonylureas and titrate oral agents

Consider second oral agent or 
add basal insulin to oral agents

Titrate basal insulin to fasting glucose 
and follow Tables 4b-c

If initiated PAM pathway inhibitor on insulin
and fasting glucose > 160 mg/dL or random glucose > 200 mg/dL

Consider multiple dose insulin 
(basal + premea) and 
diabetes consultation

Check glucose AC TID and QHS

D

Management for symptomatic grade 3 hyperglycemia (250-500 mg/dL)
or grade 4 hyperglycemia (> 500 mg/dL)

Consider IVF and/or admit if hypovolemic signs/symptoms

Check home glucose AC TID and QHS
After 1 week: If fasting or random glucose > 250 mg/dL

Diabetes consultation Four-injection basal bolus 
insulin regimen

DLT and hold PAM pathway inhibitor Restart when glucose < 250 mg/dL and
no symptoms

C

Fig 3. Management of (A) grade 2 hyperglycemia (161 to 250 mg/dL), (B)
asymptomatic grade 3 hyperglycemia (250 to 500 mg/dL), (C) symptomatic grade
3 hyperglycemia (250 to 500 mg/dL) or grade 4 hyperglycemia (� 500 mg/dL),
and (D) hyperglycemia in previously diagnosed diabetics. NOTE. Recommenda-
tions based on experience and expertise of the panel. Some patients are able to
stop insulin or sulfonylureas later with therapeutic lifestyle changes (TLC), after
acute lowering of blood glucose or after discontinuation of phosphoinositide
3-kinase–Akt–mammalian target of rapamycin (PAM) pathway inhibitors. AC,
before meals; DLT, dose-limiting toxicity; IVF, intravenous fluids; QHS, before
every bedtime. (*) Do not use metformin if creatine � 1.3 mg/dL (women) or � 1.4
mg/dL (men) or if any state of decreased tissue perfusion or hemodynamic instability is
present (eg, heart failure); hold metformin for computed tomography scans; GI symp-
toms may occur with initiation but usually subside after first week.
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intervention. Therefore, in the case of both diabetic and nondiabetic
individuals,wesuggestfirstcheckingafastingplasmaglucosevalue.Tobe
eligible forstudyentry, fastingplasmaglucoseshouldbegrade1hypergly-
cemia or less (� 160 mg/dL). If fasting plasma glucose value is � 160
mg/dL, a period of 1 to 2 weeks of reasonable blood sugar control (as
deemed by physician review of home blood glucose monitoring) should
bedemonstratedbeforeapatientbecomeseligible for studyparticipation.

What constitutes a DLT (hyperglycemic event) during cycle one of
PAM pathway inhibitors? Symptomatic grade 4 hyperglycemia con-
stitutes a DLT. Asymptomatic grade 4 hyperglycemia or a grade 3
hyperglycemic event (nonhematologic toxicity) warrants immediate
endocrinologist or diabetes treating specialist consult (if available). If
glucose levels do not improve within 1 week, the patient should be
considered to have a DLT (dose modification and so on should occur).

Early-phase trials (phase I or I/II) with DLT end points. A grade 3
hyperglycemic event (� 250 mg/dL) should result in continuous
dosing (case-by-case basis) of the drug, but the patient should have
immediate access to consultation with an endocrinologist or specialist.
If the event continues for � 1 week after consultation and manage-
ment, consider this a DLT. For classes of drugs that are likely to cause
hyperglycemic DLTs, the research team conducting the phase I study
should have an endocrinology collaborator on the trial team.The
occurrence of grade 3 hyperglycemia (� 250 mg/dL) or asymptomatic
grade 4 hyperglycemia (� 500 mg/dL) should result in a rapid review
by the team endocrinologist (by telephone or in person) or the respec-
tive algorithm should be followed. The study drug should be held
without attempting intervention if a patient experiences a symptom-
atic grade 4 (� 500 mg/dL) hyperglycemic event.

Later-phase trials (phase II or III) with dose reductions. As stated,
dose reductions are not required if grade 3 hyperglycemia or asymp-
tomatic grade 4 hyperglycemia is controllable within 1 week.

RECOMMENDATIONS TO ORGANIZATIONS DETERMINING
RESEARCH PRIORITIES AND CLINICAL TRIAL OPERATIONS

Consideration should be given to provide opportunity for research
between the National Institute of Diabetes and Digestive and Kidney
Diseases and the National Cancer Institute. A request for proposal
should be considered for a more uniform collection of prospective
quantitative blood sugar and lipid data to help determine blood levels,
drug exposure, pharmacokinetics, and pharmacodynamics and rela-
tion to therapeutic levels and outcomes. This would allow for future
consensus reports to include the prospectively collected objective data
and results for better management of these metabolic toxicities result-
ing from these agents. This would include blood sugar goals, lipid
goals, and choice of agents for the treatment of either adverse events
or outcomes.

Consideration should be given by the National Cancer Institute
Coordinating Center for Clinical Trials Symptom Management Steer-
ing Committee to create a concept for clinical trials to further investi-

gate hyperglycemia and hyperlipidemia toxicities and PAM pathway
inhibitors in general. This would help determine if symptom and
quality-of-life measures are improved with better control of these
metabolic toxicities.

CONCLUSION

Anticancer agents that inhibit signaling in the PAM pathway may be
associated with hyperlipidemia and/or hyperglycemia because of their
pathophysiologic mechanism of action. All patients should be screened
forthesemetabolictoxicities,becausesomepatientsmaydevelopprogres-
sive and severe elevations and require interruption of oncologic therapy.
Incontrasttotraditionaloncologicadverse events, there are generally no
acutely toxic effects to metabolic toxicities (rather, quality of life may
be affected and risk for subacute complications increases). Therefore,
whether in the clinical trial or clinical practice setting, most metabolic
adverse events should be followed by a period of therapeutic interven-
tion with the aid of specialty consultation.

The purpose of this consensus article is to improve the manage-
ment of adverse events in patients treated with PAM pathway inhibi-
tors. It is not intended to discourage the appropriate use of these
potentially lifesaving anticancer therapies. Oncologic therapy should
only be interrupted if adverse event management is unsuccessful.
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