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a b s t r a c t

Background: To provide an updated review of adverse events associated with sunitinib, pazopanib,
bevacizumab, temsirolimus, axitinib, everolimus and sorafenib and their management.
Materials and methods: We performed a PubMed and Cochrane-based review of side effects associated
with the seven agents including product monographs to provide an outline of treatment measures aiming
to reduce their toxicities. Subject and outcome of interest, design type, sample size, pertinence and qual-
ity, and detail of reporting were the indicators of manuscript quality.
Results: All targeted therapies cause adverse events. Most adverse events may be prevented or tested
before they escalate to severe levels.
Conclusion: Prevention, early recognition, and prompt management of side effects are of key importance
and avoid unnecessary dose reductions, which may undermine treatment efficacy.

� 2012 Elsevier Ltd. All rights reserved.

Introduction

A paradigm shift occurred in the management of metastatic re-
nal cell carcinoma (mRCC) with the advent of novel biological
agents targeting vascular endothelial growth factor (VEGF) and
mammalian target of rapamycin (mTOR) pathways. The advent of
these agents prompted a considerable improvement in progres-
sion-free survival (PFS) and overall survival (OS) of mRCC patients
in recent years. This was contingent upon the use, efficacy and tol-
erability of several sequential targeted therapies (TTs).1–13 Of
those, four agents (sunitinib, bevacizumab, temsirolimus and paz-
opanib) demonstrated efficacy in first-line therapy.1–8 Three other
agents (sorafenib, axitinib and everolimus) showed efficacy in sec-
ond or subsequent treatment lines.9–13

However, toxicity and suboptimal tolerability of some agents
may undermine their benefits. In consequence, early identification,
prevention and/or treatment of toxicities are crucial to maximize
their efficacy. Based on these considerations, we provide an
exhaustive and comprehensive assessment of toxicities that may
be expected with each of these agents. Additionally, we provide
an outline of toxicity management to ensure tolerability and the
attainment of maximal efficacy.

Materials and methods

We performed a systematic English language literature review
using the keywords ‘‘bevacizumab,’’ ‘‘sorafenib,’’ ‘‘sunitinib,’’
‘‘temsirolimus,’’ ‘‘everolimus,’’ ‘‘pazopanib,’’ ‘‘axitinib’’, ‘‘toxicity,’’
‘‘adverse effects,’’ and ‘‘side effects’’ within the PubMed and
Cochrane. The search was limited to English literature, humans,
and persons aged 18 years and older. Subject and outcome of inter-
est, design type, sample size, pertinence and quality, and detail of
reporting were the indicators of manuscript quality. Due to avail-
ability of only one phase III trial for each of addressed molecules,
except for bevacizumab and sorafenib with more than one phase
III trial available, all phase III data were included in the current
manuscript.1–13 Moreover, individual patient data were not consid-
ered. As a result, strict adherence to the Oxman criteria,14 which is
based on a Overview Quality Assessment Questionnaire (OQAQ) of
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10 items relating to the methodological quality, could not be ap-
plied. Such items include the search methods, inclusion criteria,
the avoidance of bias, the validity of the included studies, methods
on combining results and drawing appropriate conclusions. The
higher OQAQ score, the greater quality of the review. Recommen-
dations were retrieved from various sources, such as the National
Comprehensive Cancer Network Guidelines and National Heart,
Lung and Blood Institute. The search was completed by three
authors (A.A., M.S. and M.M.). For each specific toxicity or toxicity
group, we outlined a structured approach for early symptoms rec-
ognition, prevention, and management. Toxic side effects were
graded according to the Common Toxicity Criteria v.3.0 of the Uni-
ted States National Cancer Institute.15

Results

Toxicities of first line agents

Sunitinib is an orally administered inhibitor of tyrosine kinases
including VEGF and platelet-derived growth factor (PDGF) recep-
tors. Within a phase III trial (n = 750), sunitinib improved PFS from
5 to 11 months in first line for patients with mRCC.1,2 The most
common clinical toxicities recorded for sunitinib were diarrhea
(61%), fatigue (54%), nausea (44%), anorexia (34%), vomiting
(31%), hypertension (30%), stomatitis (30%), and hand–foot syn-
drome (29%). Of those, hypertension (12%), fatigue (11%), diarrhea
(9%) and hand–foot syndrome (9%) represented grade 3–4 (G3–4)
toxicities.1,2 Most frequent laboratory toxicities consisted of leuco-
penia (78%), neutropenia (77%), and anemia (79%). Of those, neu-
tropenia (18%), lymphopenia (18%), increased lipase (18%) and
increased uric acid (14%) represented main G3–4 toxicities (Table
1).1,2 Similar rates were recorded in the expanded access sunitinib
trial (n = 4564).16

Pazopanib is a novel oral angiogenesis inhibitor targeting VEGF
receptor, PDGF receptor, and c-Kit. The phase III trial (n = 435)
showed a PFS of 9.2 vs. 4.2 months for pazopanib relative to pla-
cebo in either first line (54%) or cytokine pre-treated (46%) mRCC
patients.3 The most common clinical toxicities were diarrhea
(52%), hypertension (40%), hair discoloration (38%), nausea (26%),
and anorexia (22%). Of those, hypertension (4%), diarrhea (3%),
and asthenia (3%) represented G3–4 toxicities.3 Most frequent lab-
oratory toxicities were alanine transferase (ALT) (53%; G3–4: 12%)
and aspartate aminotransferase (AST) (53%; G3–4: 8%) increases, as
well as hyperglycemia (41%; G3–4: <1%) (Table 1).3

Bevacizumab is an intravenously administered humanised
monoclonal antibody that directly inhibits circulating VEGF. In
the AVOREN phase III trial (n = 649), bevacizumab/interferon
(bev/IFN) improved PFS from 5.4 to 10.2 months relative to IFN
alone.4,5 The PFS benefit was 8.5 vs. 5.2 months in the North Amer-
ican CALBG trial (n = 732).6,7 Based on both trials, the most com-
mon clinical toxicities for bevacizumab/IFN were pyrexia (45%),
anorexia (17–36%), fatigue (33–37%), bleeding (6–33%), and hyper-
tension (26–28%). Of those, fatigue (12–37%), anorexia (3–17%),
and hypertension (3–11%) represented G3–4 toxicities.4–7 Most
frequent laboratory toxicities were proteinuria (18–71%) and neu-
tropenia (7–43%). Of those, proteinuria (7–15%) and neutropenia
(4–9%) represented G3–4 toxicities (Table 1).4–7 These rates may
be due to the combination of bevacizumab and IFN. The latter is
associated with a high toxicity profile according to phase II
studies.17

Temsirolimus, an intravenously administered inhibitor of
mTOR, improved overall survival from 1.9 to 3.8 months relative
to interferon in mRCC patients.8 The temsirolimus phase III trial
(n = 626) focused on all histologic mRCC subtypes in poor-risk
patients.8 In consequence, patients were more prone to experience

treatment-related toxicities. The most common clinical toxicities
were fatigue (51%; G3–4: 11%), rash (47%; G3–4: 4%), nausea
(37%; G3–4: 2%), and anorexia (32%; G3–4: 3%).8 The main
laboratory toxicities consisted of dyslipidemia (52%), anemia
(45%), and hyperglycemia (26%). Of those, anemia (20%), hypergly-
cemia (11%), and neutropenia (3%) represented G3–4 toxicities
(Table 1).8

Toxicities of second or subsequent line agents

Axitinib (AG-013736) is an oral, selective, second generation
inhibitor of VEGF 1, 2 and 3. In the phase III trial (AXIS) (n = 723),
axitinib improved PFS from 4.7 to 6.7 months relative to sorafenib,
as second line treatment for mRCC patients following failure of
previous systemic therapy (sunitinib (54%), cytokine (35%), bev-
acizumab (8%), temsirolimus (3%)).9 The most common adverse
events for axitinib were diarrhea (55%), hypertension (40%), fatigue
(39%), decreased appetite (34%), nausea (32%), and dysphonia
(31%). Of those, hypertension (16%), diarrhea (11%), and fatigue
(11%) represented G3–4 toxicities.9 The main laboratory abnormal-
ities consisted of creatinine elevation (55%), hypocalcaemia (39%),
anemia (35%) and lymphopenia (33%). Of those, lipase elevation
(5%), lymphopenia (3%) and hypophosphatemia (2%) represented
G3–4 toxicities (Table 1).9

Everolimus is an orally administered inhibitor of mTOR. It pro-
longed PFS from 1.9 to 4.9 months relative to placebo in second
line (74%) or third line (26%) therapy.10,11 The most common clin-
ical toxicities were stomatitis (44%), rash (29%), fatigue (31%), diar-
rhea (30%), and anorexia (25%). Of those, stomatitis (4%), fatigue
(5%), and pneumonitis (4%) represented G3–4 toxicities.10,11 The
most frequent laboratory toxicities consisted of dyslipidemia
(77%), anemia (92%), and hyperglycemia (57%). Of those, lympho-
penia (18%), hyperglycemia (12%), and anemia (13%) represented
G3–4 toxicities (Table 1).10,11 Similar rates were reported in the
expanded access everolimus trial (n = 1367).18

Sorafenib is an orally active multikinase inhibitor. In the phase
III trial (n = 903) conducted by the Treatment Approaches in Renal
Cancer Global Evaluation Trial (TARGET), sorafenib improved PFS
from 2.8 to 5.5 months relative placebo after cytokine failure.12,13

In the AXIS trial (n = 723), sorafenib PFS was 4.7 vs. 6.7 months
for axitinib, in second line treatment of mRCC.9 The most common
clinical toxicities of any grade for sorafenib were diarrhea (43–
53%), rash (32–40%), fatigue (37%), hand–foot syndrome (HFS)
(30–51%), and alopecia (27–32%). Of those, HFS (6–16%), fatigue
(3–5%), dyspnea (4%), and hypertension (4–11%) represented G3–
4 toxicities.9,12,13 The most common laboratory toxicities were
anemia (8–52%; G3–4: 4%), increased lipase (46%; G3–4: 15%)
and lymphopenia (36%; G3–4: 4%) (Table 1). 9,12,13 Similar rates
were recorded in the European (n = 1159)19 and North American
(n = 2504)20 expanded access sorafenib trials.

Prevention and/or management of specific toxicity

Constitutional toxicities
Fatigue. Fatigue (Table 1) is often multifactorial in cancer patients.
Thus, other potential causes such as anemia, sleep disturbances,
nutritional deficits, electrolyte abnormalities (hypophosphatemia,
hypomagnesemia, etc.), decreased functional status and comorbid-
ities should be considered in patients with treatment-related
fatigue.

Fatigue management may be non-pharmacological: activity
enhancement, psychosocial interventions (cognitive behavioral
therapy, psycho-educational therapy, supportive expressive
therapy) or pharmacological (Table 2). Psychostimulants
(methylphenidate, modafenil) or prednisone 5–10 mg may be
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