
SymptomManagement and Supportive Care

Optimizing Treatment OutcomesWith Regorafenib: Personalized

Dosing and Other Strategies to Support Patient Care
AXEL GROTHEY,a SUZANNE GEORGE,b ERIC VAN CUTSEM,c JEAN-YVES BLAY,d ALBERTO SOBRERO,e GEORGE D. DEMETRI

b

aMayo Clinic, Rochester, Minnesota, USA; bDana-Farber Cancer Institute and Harvard Medical School, Boston, Massachusetts, USA;
cUniversity Hospital Gasthuisberg/Leuven, Leuven, Belgium; dLéon Bérard Centre and Claude Bernard University, Lyon, France;
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ABSTRACT

Regorafenib is an oral multikinase inhibitor that inhibits
several kinases relevant to tumor biology in several cancers,
including colorectal carcinoma (CRC) and gastrointestinal
stromal tumor (GIST). In phase III trials, regorafenib signif-
icantly improved overall survival versus placebo in patients
with metastatic CRC progressing after all available standard
therapies, and significantly prolonged progression-free sur-
vival in patients with advanced GIST in whom at least imatinib
and sunitinib had failed. Thus, this agent holds promise as
a new standard of care for CRC and GISTpatients after disease
progression followingall other approved therapies.The clinical
trials reported to date show that this new treatment has
a consistent adverse event profile that is quite different from

that of traditional cytotoxic chemotherapies. The most
common adverse events of regorafenib include dermatologic
and mucosal toxicities (especially hand-foot skin reaction,
rash, and oral mucositis), constitutional symptoms (e.g.,
fatigue, nausea, and weight loss), vascular effects (especially
hypertension), and gastrointestinal symptoms (e.g., diarrhea).
To help health care professionals anticipate and manage the
adverse events associated with regorafenib, we describe our
experiences in clinical trials and show that such toxicities can
be effectively managed with close observation of patients
from initiation of dosing, along with prompt appropriate
interventions, including dose modifications, if necessary. The
Oncologist 2014;19:669–680

Implications for Practice: Regorafenib is a novel oral agent with documented efficacy in advanced colorectal cancer. It has
a characteristic adverse event profile that consists of hand-foot skin reaction, fatigue, diarrhea, hypertension, and other less
common events. This article details practical management strategies of these adverse events to optimize patient care and
maximize the clinical benefit patients can derive from this novel agent.

INTRODUCTION

Regorafenib is an oral multikinase (serine-threonine and
tyrosine-kinase) inhibitor that targets factors involved in
angiogenesis (vascular endothelial growth factor [VEGFR] 1–3
and TIE2), oncogenesis (KIT, RET, RAF-1, and B-RAF), and
regulation of the tumor microenvironment (platelet-derived
growth factor receptor [PDGFR]-b and fibroblast growth fac-
tor receptors) [1]. In preclinical studies, regorafenib showed
antitumor activity in a variety of tumor models, including
models of colorectal carcinoma (CRC) and gastrointestinal
stromal tumor (GIST) [1]. Regorafenib has been evaluated as
a single agent in clinical trials in these twomalignancies aswell
as other solid tumors (Table 1) [2–9].

Two recent pivotal phase III trials with regorafenib dem-
onstrated positive clinical results. In the “CORRECT” trial

involving 760 patients with metastatic CRC in whom all
available standard therapies had failed (or who were unable
to tolerate available treatments), median overall survival
was significantly prolonged with regorafenib compared with
placebo (6.4months vs. 5.0months, respectively; hazard ratio
0.77, 95%confidence interval 0.64–0.94; one-sided p5 .0052)
[7]. In the “GRID” trial involving 199 patients with advanced
GIST that had progressed despite treatment with at least
imatinib and sunitinib, median progression-free survival was
4.8 months with regorafenib compared with 0.9 months with
placebo (hazard ratio 0.27, 95%confidence interval 0.19–0.39;
p , .0001) [3]. These data confirm the role of regorafenib as
an effective treatment option for patients with metastatic
CRC or GIST in whom all standard therapies have failed.
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Similar to other oral therapies that target kinases relevant
to cancer, regorafenib is associated with an adverse event
profile that differs from that seen with traditional cytotoxic
chemotherapy [10–12]. Health care professionals need to
understand, recognize, and be able tomanage these events so
that patients have the best chance to benefit from this novel
treatment. In this review, we highlight the adverse events that
are most likely to occur with regorafenib and provide re-
commendations regarding their management.

MATERIALS AND METHODS

To identify the most frequently reported adverse events
associated with regorafenib treatment, we reviewed all of
the presented and published safety and tolerability data on
regorafenib reported in the clinical trials [2–9].

To identify relevant guidance onmanaging adverse events,
we searched Medline (PubMed) using the search terms
(kinase) AND (antagonist OR inhibitor) AND (safety OR toxicity
OR tolerability OR adverse event) as well as abstracts from
major oncology conferences (American Society of Clinical
Oncology and the European Society for Medical Oncology
annual meetings).

We have also drawn on our own databases and clinical
experiences of using regorafenib in the clinical trials and after
its regulatory approval in clinical practice to help inform the
recommendations that we make in this article.

REGORAFENIB ADVERSE EVENT PROFILE

The study designs and patient characteristics for the
regorafenib clinical trials are summarized in Table 1 [2–9].
Analysis of the most frequent drug-related adverse events
reveals a consistent safety profile across all trials, regardless of
patient population, ethnicity, previous treatment status, and
tumor site or burden of disease (Table 2). The most common
adverse events include dermatologic and mucosal toxicities
(especially hand-foot skin reaction [HFSR], rash, and oral
mucositis), constitutional symptoms (e.g., fatigue,nausea, and
weight loss), systemic vascular effects (especially hyperten-
sion), and gastrointestinal symptoms (e.g., diarrhea).

More than half of the patients in each trial (range 49%–61%)
experienced grade 3 or greater toxicities (based on National
Cancer Institute Common Terminology Criteria for Adverse
Events [NCI-CTCAE] version 3.0 or 4.0) (Table 2) [2–9]. The most
frequently reported grade 3 or higher events were HFSR
(13%–33% of patients), hypertension (0%–36%), fatigue
(0%–17%), diarrhea (3%–10%), and laboratory abnormalities,
such as elevated aspartate or alanine aminotransferase (13%
each, but reported in the Japanese trial only [5]), hypophospha-
temia (4%–27%), or hyperbilirubinemia (2%–6%). The majority
of grade 3 adverse events have appeared to be reversible with
dose delays, dose reductions, and additional support [12]. It is
important to note that side effects, in particular, HFSR, rash, and
fatigue, occurearlywithin the first cycleof therapyafteramedian
ofapproximately2weeks [12].Todate,noclinical,biochemical,or
molecular risk factors have been identified that predispose
patients on regorafenib to the development of HFSR.

Mild asthenia and noticeable voice changes (most com-
monly hoarseness) are also frequent early features of
regorafenib therapy and may occasionally occur with low-
grade fever. Skin toxicities such as HFSR have also been

observed with other oral therapies that target kinases including
VEGFRs. In clinical trials, HFSR symptoms of any grade were
reported in 34%of patients on sorafenib and19%of patients on
sunitinib; grade 3 or higher events affected 9% and 6% of
patients, respectively [13,14].Themechanismofactionofkinase
inhibition responsible for HFSR remains to be elucidated, but it
is believed to be a result of inhibition of multiple molecular
pathways targeted by these agents, including VEGFRs, PDGFRs,
and c-KIT [15, 16].Ofnote,HFSRassociatedwith kinase inhibitor
therapy differs in important ways from the classic hand-foot
syndrome seen with traditional cytotoxic agents such as 5-
fluorouracil, capecitabine, doxorubicin, or liposomal doxorubi-
cin (Table 3). Initial symptoms of HFSR mediated by kinase
inhibitor therapies may manifest with early signs of tingling or
subtle discomfort, even after only 5–7 days on therapy. These
symptoms may progress in some patients to worsening pain,
tenderness, callus formation, redness, and edema (occasionally
associated with a burning sensation) in the palms of the hands
or soles of the feet and especially in the folds between joints
or pressure points of the feet. Other areas thatmay be involved
includethetipsofthefingersandtoes,heels,andareasofflexure
or overlying skin (Fig. 1). These pressure areas are where most
severe symptoms are typically seen, with formation of blisters
that can severely impair the ability to walk. These blisters can
burst and discharge serous fluid, although, commonly, thick
callus formation may occur. Signs and symptoms may appear
concomitantly or sequentially, and can affect both hands and
both feet [17, 18].

From our experiences in the phase III CRC and GIST trials,
as well as earlier phase trials of regorafenib and in its use in
clinical practice, we have noted that adverse events are likely
to occur early—even during the first 3 days of regorafenib
dosing—and the incidence of many adverse events is highest
during the first cycle of treatment [12]. This time profile is
similar to the timing of adverse events seen with other kinase
inhibitors, such as sunitinib or sorafenib [19, 20].

Experience in the clinical trials indicates that most adverse
events can be effectivelymanagedwith treatment breaks, dose
adjustment, and appropriate intervention. By managing these
events appropriately and proactively, particularly within the
initial oneor two cyclesof therapy,most patientsdonot need to
stop treatment permanently because of intolerable toxicities.

Experience in the clinical trials indicates that most
adverse events can be effectively managed with
treatment breaks, dose adjustment, and appropriate
intervention.Bymanaging theseevents appropriately
and proactively, particularly within the initial one or
two cycles of therapy, most patients do not need to
stop treatment permanently because of intolerable
toxicities.

It is important to note that to date no correlation has been
established between the severity of specific adverse events
such as hand-foot skin reaction and efficacy of regorafenib
(data on file). This is in contrast to a report from a non-
randomized population study in which the presence of skin
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toxicity was associated with outcome parameters in patients
with renal cell cancer treated with sunitinib [21].

MANAGEMENT OFREGORAFENIB-RELATEDADVERSE EVENTS
Our literature search identified 6,656 articles addressing the
toxicity profile of kinase inhibitors and other targeted agents,
64 of which were focused on adverse event management
(supplemental online Table 1). Understandably, given that
experiencewith regorafenib todatehasbeenmainly limited to
clinical trials, no articles have yet been published that focus
specifically on the practical management of regorafenib-
related adverse events.The following information is therefore
based on data and experience gleaned from the phase III

clinical trials and the use of regorafenib in clinical practice, as
well asourownandothergroups’experiencewithotherkinase
inhibitors (in particular, multikinase inhibitors that inhibit
VEGFRs, such as sunitinib and sorafenib).

Dose and Schedule Adjustments
As mentioned previously, the pertinent toxicities associated
with regorafenib, in particular HFSR, may appear very early
after initiation of therapy. Promptmanagement of these early
events is critical to ensure tolerable treatment continuation.
We advise evaluation of patients within 1 week of starting
treatment and then at least every 2 weeks during the first 2
months (which corresponds to the first two treatment cycles)

Table 1. Design, baseline patient characteristics, and efficacy outcomes of regorafenib clinical trials

Study Phase Design Location Cancer
Prior systemic
therapy (lines)

Evaluable
patients (n) Age (yr) ECOG

Regorafenib
dose

Duration of
treatment

Efficacy
results

Mross
et al. [8]a

I Nonrandomized,
open-label

Germany
(1 center)

Solid tumors Median: 3 Efficacy: 47 Median: 60 0: 49% 10 (n5 3) Median:
78 days

DCR: 66%

Range: 0–9 Safety: 53 Range: 20–77 1: 47% 30 (n5 5)
Range:
3–1,239

PR: 3/47

2: 4% 60 (n5 6) SD: 32/47
120 (n5 15)
160 (n5 12)
220 (n5 12)

Strumberg
et al. [9]a

I Nonrandomized,
open-label

Germany
(3 centers)

Colorectal
cancer

Median: 4 Efficacy: 27 Median: 64 0: 47% 60 (n5 1) Median:
53 days

DCR: 74%
Range: 0–7 Safety: 38 Range: 36–85 1: 47% 120 (n5 4)

Range:
7–280

PR: 1/27
2: 5% 160 (n5 26) SD: 19/27

220 (n5 7) Median PFS:
107 days

Furuse
et al. [5]

I Nonrandomized,
open-label

Japan
(4 centers)

Solid tumors Median: 2 Efficacy: 15 Median: 59 0: 80% 160 Median:
64 days

DCR: 54%

Range: 0–4 Safety: 15 Range: 34–68 1: 20%
Range:
28–603

PR: 1/15
SD: 7/15

Bolondi
et al. [2]

II Nonrandomized,
open-label

Europe, Asia
(13 centers)

Hepatocellular
carcinoma

Median: 1 Efficacy: 31 Median: 61 0: 78% 160 Median:
15.5 weeks

Median TTP:
4.1 monthsRange: 1–4 Safety: 36 Range: 40–76 1: 22%

Range:
2–36

Median OS:
not reached
OS at 6 months:
80%

George
et al. [6]

II Nonrandomized,
open-label

U.S.
(4 centers)

Gastrointestinal
stromal tumors

Median: 2 Efficacy: 33 Median: 56 0: 70% 160 Median:
7 cycles

DCR: 79%
Range: 2–10 Safety: 33 Range: 25–76 1: 30%

Range:
2–17

PR: 4/33
SD: 22/33
Median PFS:
10.0 months
Median OS:
not reached

Eisen
et al. [4]

II Nonrandomized,
open-label

Europe, U.S.
(18 centers)

Renal cell
carcinoma

None Efficacy: 48 Median: 62 0: 61% 160 Median:
7.2 months

DCR: 82%
Safety: 49 Range: 40–76 1: 39%

Range:
1.7–34.8

PR: 19/48
SD: 20/48
Median duration
of response:
15.2 months
Median PFS:
11.0 months
Median OS:
not reached

Grothey
et al. [7]

III Randomized,
placebo-controlled

Worldwide
(114 centers)

Colorectal
cancer

Median: 4 Efficacy: 760 Median: 61 0: 52.5% 160 (n5 505) Median:
7.3 weeks

Median OS:
6.4 months
(HR 0.773 vs.
placebo,
p5 .0051)

Range: 1–12 Safety: 753 Range: 22–85 1: 47.5%
Range:
0.3–47.0

PFS: 1.9 months
(HR 0.493 vs.
placebo,
p, .000001)
DCR: 45%

Demetri
et al. [3]

III Randomized,
placebo-controlled

Worldwide
(57 centers)

Gastrointestinal
stromal tumors

2: 56.8% Efficacy: 199 Median: 60 0: 55.3% 160 (n5 133) Median:
22.9 weeks

Median PFS:
4.8 months
(HR 0.27 vs.
placebo, p, .001)

$3: 43.2% Safety: 198 Range: 18–87 1: 44.7%
Range: NS

Median OS:
not reached
DCR: 53%

In all trials, regorafenib (and matching placebo, where applicable) was given on days 1–21 of each 28-day cycle until disease progression, unacceptable toxicity, or patient/
investigator decision to stop.
aThe German phase I study included two parts: dose escalation and colorectal-cancer expansion; 15 patients with colorectal cancer were included in both analyses.
Abbreviations: DCR, disease control rate; ECOG, Eastern Cooperative Oncology Group performance status; HR, hazard ratio; NS, not specified; OS, overall survival; PFS,
progression-free survival; PR, partial response; SD, stable disease; TTP, time to progression.
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to be able to address adverse events using dose delays or dose
reductions.This evaluation would preferably be a face-to-face
clinical assessment, but it could also be done by a telephone
call conducted by a health care provider trained in regorafenib
management. In the phase III clinical trials of regorafenib, only
8% of patients in the CRC study and 2% of patients in the GIST
study permanently stopped regorafenib treatment because of
adverse events unrelated to disease progression [8, 9]. Treat-
mentmodifications (dose reduction or delayed start of the next
cycle)wereused tomanage adverse events in 56%ofpatients in
the CRC study and 72% of patients in the GIST study [3, 7]. In
some cases, patients were eventually able to return to the full
dose of regorafenib once the toxicity had resolved to baseline
levels without encountering recurrence of any severe adverse
events. Table 4 shows the prespecified dose adjustments
defined in the protocols of the phase III CRC and GIST trials.

For most patients, physicians were able to titrate re-
gorafenib to an appropriately tolerable dose using the dose
adjustment guidelines provided within the pivotal phase III
studies [3, 7]. After initial dose delays and dose adjustments,
patients tolerated long-term treatment with regorafenib with
tolerable adverse events, with some patients now on
regorafenib for more than 3 years, even if they had experi-
enced severe (grade 3) toxicities within the first one or two
cycles. Of note, the minimal daily dose of regorafenib
allowed per protocol was 80 mg. This minimal daily dose was
selected in view of the fact that no data on antitumor activity
had been generated with lower doses in prior studies [9].
Experience with other kinase inhibitors also shows that dose
and schedule modifications are important to minimize risk
and reduce the frequency or severity of adverse events,
thereby enabling patients to remain on treatment over time
[18, 22, 23].

Supportive Care
There is little prospective research reported on appropriate
supportive care interventions to manage adverse events
associated with molecular targeted therapy. Much of the
published advice exists in the form of expert opinion,
consensus, or anecdotes (supplemental online Table 1). The
advice provided in Table 4 and in the following text is similarly
based on expert recommendations for other kinase inhibitors
and our own experience managing patients during the course
of regorafenib in clinical trials and clinical practice.

Dermatologic and Mucosal Toxicities
Although skin and mucosal toxicities are virtually never life-
threatening, such symptoms can bepainful, distressing, oreven
disabling. In our experience, HFSR, mucositis, and to a lesser
extent rash, have a substantial impact on patients’quality of life
[24]. Health care professionals therefore need to take proactive
measurestopreventorminimizethe impactofthesesymptoms.

Prevention
Patients shouldbeeducatedaboutthepotential risksofskinand
mucosal toxicities, especially HFSR, and should have a full-body
examination before the start of treatment to identify areas
of pre-existing skin damage or hyperkeratosis/calluses, which
should ideallyberemoved(e.g.,bymanicureorpedicure)before
initiating regorafenib [15, 16, 25]. Pressure points should

continue to be exfoliated with emollient or kerotolytic agent
creams (e.g., salicylic acid 3%-, ammonium lactate/lactic acid
12%-, or urea 10%-based creams). Patients shouldbe advised to
wear cotton socks, avoid constrictive footwear, and prevent
excessive friction or trauma to the hands and feet. In addition,
patients should beadvised to applymoisturizers and sunscreen,
and avoid contact with hot water or chemicals (including
household cleaners). Gloves should be worn if potentially skin-
irritating chemicals are to be handled. Health care staff should
frequently examine patients and encourage them to discuss
any skin concerns to ensure early diagnosis of skin toxicities,
particularly within the first 2 months of therapy.

Management
Table 5 shows the standardizedNCI-CTCAE version 4.0 grading
for dermatologic toxicities, which may be helpful in guiding
treatment decisions [11, 17, 18, 25]. However, these criteria
were not developed specifically for skin symptoms associated
with targeted therapies. The Multinational Association of
Supportive Care in Cancer (MASCC) Skin Toxicity Study
Group has therefore proposed a modified grading scale
tailored for epidermal growth factor receptor inhibitor
therapy, which may also be relevant for VEGFR inhibitors
[26]. Although the MASCC scale needs to be validated
prospectively, this nonetheless may better enable physicians
to detect and report skin toxicities with greater sensitivity,
specificity, and range than is possiblewith previous scales or in
conventional clinical practice.

At the first signs of redness, patients should be advised to
moisturize the area with topical creams (e.g., zinc oxide and
magnesium silicate lenitive cream without petrolatum), and
preventive measures should be discussed again with the
patient and caregivers. If blisters form, pressure should be
avoided, and good supportive care to skin integrity should be
pursued. Sometimes blisters have to be opened and drained
under sterile conditions. Antibiotics should be prescribed only
if there is evidence of infection. To prevent the risk of
superinfection if fissures form,patientsmaybeadvised to soak
their hands for 10 minutes every morning and evening in
a solution of vinegar and water (equal measures). To reduce
pain associatedwithwalking, proper shoe fit is important, and
podiatrist evaluation and support may be worth considering.
A recent study has indicated that urea-based creams may
provideprophylaxis forHFSR [27], but these creams shouldnot
be used if the patient develops broken skin, as such topical
application may further irritate the skin.

If severe symptoms develop, patients should be offered
pain relief and appropriate management to reduce the risk
of infection. The regorafenib dose should be held until symp-
toms resolve and subsequently should be decreased (Table 4)
to manage the toxicity and reduce the risk of treatment
discontinuation.

Changes in Liver Enzymes and Bilirubin
Asymptomatic laboratory abnormalities (e.g., circulating
levels of liver enzymes or bilirubin) have been relatively
common in clinical trials of regorafenib. However, fewpatients
experienced clinically significant abnormalities, although one
death in each of the phase III trials was attributed to liver
dysfunction, usually in the setting of concurrent metastatic
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Table 2. Drug-related adverse events reported in regorafenib clinical trials

Adverse event Grade

Mross
et al. [8]a

(n5 53)

Strumberg
et al. [9]a

(n5 338)

Furuse
et al. [5]
(n5 15)

Bolondi
et al. [2]
(n5 36)

George
et al. [6]
(n5 33)

Eisen
et al. [4]
(n5 49)

Grothey
et al. [7]
(n5 500)b

Demetri
et al. [3]
(n5 133)b Rangec

Any event All grades 83 84 100 97 NR NR 93 99 83–100

Grade$3 49 58 NR 56 NR NR 54 61 49–61

Voice changes All grades 55 34 33 25 NR 35 29 11 25–55

Grade$3 2 3 0 0 NR 0 ,1 0 0–3

Hand-foot skin
reaction

All grades 40 61 67 50 85 71 47 56 40–85

Grade$3 19 32 13 14 24 33 17 20 13–33

Oral mucositis All grades 36 18 NR 11 38 43 27 38 11–43

Grade$3 2 0 NR 3 0 2 3 2 0–3

Diarrhea All grades 32 24 67 50 61 45 34 41 24–67

Grade$3 8 3 7 6 6 10 7 8 3–10

Hypertension All grades 30 18 33 31 67 49 28 49 18–67

Grade$3 11 11 0 3 36 6 7 24 0–36

Fatigue All grades 28 50 33 47 79 53 47 39 28–79

Grade$3 4 11 0 17 6 8 10 2 0–17

Anorexia All grades 26 24 33 33 39 29 30 21 24–39

Grade$3 2 0 0 0 0 6 3 0 0–6

Rash, desquamation All grades 23 29 27 NR NR 39 25 18 23–39

Grade$3 6 5 0 NR 9 6 6 2 0–9

Alopecia All grades 21 11 40 NR 28 45 7 24 7–45

Grade$3 0 0 0 NR 0 0 0 2 0–2

Dry skin All grades NR 18 NR NR NR NR 8 NR 8–18

Grade$3 NR 0 NR NR NR NR 0 NR 0

Muscle pain All grades NR 18 NR NR NR NR 5 NR 5–18

Grade$3 NR 0 NR NR NR NR ,1 NR 0–,1

Dry mouth All grades NR 16 NR NR NR NR NR NR 16

Grade$3 NR 3 NR NR NR NR NR NR 3

Weight loss All grades NR 13 40 14 NR NR 14 NR 13–40

Grade$3 NR 0 0 0 NR NR 0 NR 0

Auditory disturbance All grades NR 11 NR NR NR NR NR NR 11

Grade$3 NR 0 NR NR NR NR NR NR 0

Thrombocytopenia All grades NR 11 27 NR NR NR NR NR 11–27

Grade$3 NR 3 0 NR NR NR NR NR 0–3

Hypophosphatemia All grades NR NR 53 6 40 NR 5 NR 5–53

Grade$3 NR NR 27 6 15 NR 4 NR 4–27

AST elevation All grades NR NR 53 NR NR NR NR NR 53

Grade$3 NR NR 13 NR NR NR NR NR 13

ALT elevation All grades NR NR 47 NR NR NR NR NR 47

Grade$3 NR NR 13 NR NR NR NR NR 13

Proteinuria All grades NR NR 47 11 NR NR 7 NR 7–47

Grade$3 NR NR 7 3 NR NR 1 NR 1–7

Hypoalbuminemia All grades NR NR 47 NR NR NR NR NR 47

Grade$3 NR NR 0 NR NR NR NR NR 0

LDH elevation All grades NR NR 47 NR NR NR NR NR 47

Grade$3 NR NR 0 NR NR NR NR NR 0

Constipation All grades NR NR 33 22 NR 24 8 15 8–33

Grade$3 NR NR 0 0 NR 0 0 1 0–1

ALP elevation All grades NR NR 33 NR NR NR NR NR 33

Grade$3 NR NR 0 NR NR NR NR NR 0

(continued)
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Table 2. (continued)

Adverse event Grade

Mross
et al. [8]a

(n5 53)

Strumberg
et al. [9]a

(n5 338)

Furuse
et al. [5]
(n5 15)

Bolondi
et al. [2]
(n5 36)

George
et al. [6]
(n5 33)

Eisen
et al. [4]
(n5 49)

Grothey
et al. [7]
(n5 500)b

Demetri
et al. [3]
(n5 133)b Rangec

Anemia All grades NR NR 40 NR NR NR NR NR 40

Grade$3 NR NR 7 NR NR NR NR NR 7

Lymphopenia All grades NR NR 33 NR NR NR NR NR 33

Grade$3 NR NR 27 NR NR NR NR NR 27

Leukopenia All grades NR NR 27 NR NR NR NR NR 27

Grade$3 NR NR 7 NR NR NR NR NR 7

Hypothyroidism All grades NR NR NR 36 NR NR NR NR 36

Grade$3 NR NR NR 3 NR NR NR NR 3

Nausea All grades NR NR NR 31 40 27 14 16 14–40

Grade$3 NR NR NR 0 3 0 ,1 1 0–3

Headache All grades NR NR NR 17 42 NR 5 NR 5–42

Grade$3 NR NR NR 0 0 NR 1 NR 0–1

Vomiting All grades NR NR NR 14 NR 22 8 NR 8–22

Grade$3 NR NR NR 0 NR 0 1 NR 0–1

Abdominal pain All grades NR NR NR 11 NR NR NR NR 11

Grade$3 NR NR NR 3 NR NR NR NR 3

Hyperbilirubinemia All grades NR NR NR 8 NR NR 9 NR 8–9

Grade$3 NR NR NR 6 NR NR 2 NR 2–6

Lipase increase All grades NR NR NR NR NR 8 NR NR 8

Grade$3 NR NR NR NR 6 6 NR NR 6

Hyperuricemia All grades NR NR NR NR NR NR NR NR NR

Grade$3 NR NR NR NR 6 NR NR NR 6

Thromboembolic
event

All grades NR NR NR NR NR NR NR NR NR

Grade$3 NR NR NR NR 3 NR NR NR 3

Myalgia All grades NR NR NR NR 42 NR NR 14 14–42

Grade$3 NR NR NR NR 3 NR NR 1 1–3

Hoarseness All grades NR NR NR NR 45 NR NR 22 22–45

Grade$3 NR NR NR NR 3 NR NR 0 0–3

Renal failure All grades NR NR NR NR NR 10 NR NR 10

Grade$3 NR NR NR NR NR 10 NR NR 10

Hyponatremia All grades NR NR NR NR NR 8 NR NR 8

Grade$3 NR NR NR NR NR 6 NR NR 6

Platelet abnormalities All grades NR NR NR NR NR NR 12 NR 12

Grade$3 NR NR NR NR NR NR 3 NR 3

Fever All grades NR NR NR NR NR NR 10 NR 10

Grade$3 NR NR NR NR NR NR 1 NR 1

Taste alteration All grades NR NR NR NR NR NR 7 NR 7

Grade$3 NR NR NR NR NR NR 0 NR 0

Sensory neuropathy All grades NR NR NR NR NR NR 7 NR 7

Grade$3 NR NR NR NR NR NR ,1 NR ,1

Hemoglobin
abnormalities

All grades NR NR NR NR NR NR 7 NR 7

Grade$3 NR NR NR NR NR NR 3 NR 3

Nose bleed All grades NR NR NR NR NR NR 7 NR 7

Grade$3 NR NR NR NR NR NR 0 NR 0

Dyspnea All grades NR NR NR NR NR NR 6 NR 6

Grade$3 NR NR NR NR NR NR ,1 NR ,1

Data are percentages of patients.
aTheGermanphase I study includedtwoparts:doseescalationandcolorectal cancerexpansion;15patientswithcolorectal cancerwere included inbothanalyses.
bPatients who received at least one dose of regorafenib during double-blind treatment.
cRange denotes lowest and highest incidence rates reported across the trials.
Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; LDH, lactate dehydrogenase; NR, not reported.
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disease burden affecting the liver [3, 7]. Because patients with
advanced metastatic CRC and GIST commonly have liver
metastases, the distinction between abnormalities in liver
function due to tumor progression and regorafenib can be
unclear. Until further evidence is available on the mechanism
of regorafenib-induced liver dysfunction and the likely risk to
patients in the general population, careful monitoring of liver
function before and during treatment is recommended in
the U.S. Federal Drug Administration-approved dosing in-
formation for regorafenib. Dose modifications or treatment
discontinuation (Table 4) aremandated in the case of elevated
liver function test results or hepatocellular necrosis, depend-
ing on severity and persistence (Table 6 shows the standard-
ized NCI-CTCAE version 4.0 grading for liver function tests).

Systemic Vascular Toxicities and Potential
Cardiovascular Risks
Hypertension was reported in 28% of patients in the phase III
CRC trial and in 49%of patients in the phase III GIST trial at any
grade, with 7% and 24%, respectively, experiencing grade 3 or

higher hypertension [3, 7].The higher rates of hypertension in
the GIST trial could reflect the longer treatment duration
compared with the CRC study (mean duration of treatment
20.2 weeks vs. 12.1 weeks, respectively), although this
hypothesis has not been formally assessed. Abnormally
elevated blood pressure may have an important impact on
patients, who may experience clinical symptoms (e.g.,
headache) in the short term, or may have significant det-
rimental cardiovascular effects with longer term or severely
uncontrolled hypertension. Therefore, the need for close and
careful blood pressure monitoring and adjustment of medi-
cations should not be underestimated. Fortunately, with the
introduction of VEGF inhibitors in the treatment algorithms of
various cancers, blood pressure monitoring and management
have become part of standard oncologic practice. Although
hypertension is not a contraindication for regorafenib
treatment, patients should have good control of any pre-
existing hypertension, with normal baseline blood pressure.
Patients should also be counseled and educated on antihy-
pertensive treatment. Blood pressure should be monitored
regularlywhile patients are taking regorafenib. In theGIST trial
protocol, it was recommended that blood pressure should be
monitored at leastweekly for the first 6weeks of treatment. In
addition,wesuggest furthermonitoringat leastduring the first
week of subsequent cycles. Table 4 suggests that appropriate
antihypertensive management and regorafenib dose adjust-
ment be considered in patients with hypertension. The health
care team needs to ensure that the patient has access to
a blood pressure monitor at home, records blood pressure
regularly in a logordiary, and is given instructions to contact the
health care team for specified elevations in blood pressure. For
example, we recommend that patients be instructed to contact
the doctor’s office if any single blood pressure reading is above
160/90 mmHg, and to review home blood pressures monthly,
with a goal of keeping blood pressure below 140/90 mmHg.
Patients should also be educated on the potential symptoms of
hypertensive crisis and the appropriate actions to take.

Other cardiac and vascular toxicities have been reported
with therapies that inhibit the VEGF signaling pathways, such
as the monoclonal antibody bevacizumab [28, 29], and other
targeted therapies have also been implicated in cardiac
dysfunction [30]. Bleedingdisorders or thromboembolic events
have only rarely been reported in the regorafenib clinical trials
and have not been of major relevance in clinical practice.
Because of the potential impact of VEGF inhibition on cardiac
and cardiovascular function, the clinical trials of regorafenib
excluded patients with known pre-existing cardiovascular

Table 3. Clinical characteristics of hand-foot syndrome and hand-foot skin reaction

Characteristics Hand-foot syndrome Hand-foot skin reaction

Causal agents Chemotherapeutics (fluoropyrimidines,
esp. capecitabine, liposomal doxorubicin)

Multikinase inhibitors (e.g., regorafenib, sorafenib,
sunitinib, axitinib, cabozantinib, pazopanib)

Manifestation Hands. feet Feet. hands

Symmetrical, diffuse More localized along pressure points

Time to onset Weeks–months Days–weeks

Key symptoms Dysesthesia, erythema, scaling Dysesthesia, erythema, scaling, pain, blisters at
pressure zones

Figure 1. Clinical manifestations of hand-foot skin reaction.
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comorbidities, includingarterial or venousthrombotic orembo-
lic events such as stroke or transient ischemic attacks, deepvein
thrombosis,orpulmonaryembolismwithin the6monthsbefore
the start of treatment, cardiac arrhythmias requiring antiar-
rhythmic therapy,oruncontrolledhypertensiondespiteoptimal
medical management.Therefore, in the absence of data on the
effect of regorafenib in these patients, we strongly advise
caution when considering regorafenib treatment in such
patients. Patients who were on stable anticoagulation treat-
ment were allowed to participate in the trials, and excess
bleedingwasnotseen.However,closemonitoringofpatientson
Coumadin (warfarin) is recommended, or consideration should
be given to using an alternative anticoagulant, such as a low-
molecular-weight heparin.

Other Adverse Effects
Other frequent adverse events that may have a substantial
impact on patients include fatigue, diarrhea, muscle aches,
fever, hair thinning, and voice changes. Patients should be
educated on these potential adverse events and the need to
report any adverse events to the oncology team to allow
appropriate and prompt intervention.

Fatigue can be significant and debilitating in the first few
cycles, and symptoms, which are most prominent toward
the end of dosing in each cycle, can begin early (e.g., hoarse-
ness within the first 3–4 days) [12]. As many multikinase
inhibitors have been noted to induce hypothyroidism, par-
ticularly after several months of therapy [31], we recommend
checking thyroid-stimulating hormone (TSH) levels in patients
with any level of fatigue (abnormally high TSH levels on
regorafenib therapy are often clinically unapparent and not
accompanied by changes in free triiodothyronine and
thyroxine). If there is no laboratory evidence of hypothyroid-
ism, the patient may be encouraged to exercise, which may
help to mitigate mild fatigue. For grade 2 or 3 fatigue,
regorafenib dose interruption or reduction should be consid-
ered. Indeed, decreased doses to 120 or even 80 mg/day may
be necessary. There are no clinical data to support dosing
regorafenib lower than 80 mg/day.

Diarrhea is generally a highly manageable adverse event
with the use of standard antidiarrheal agents. Patients should
be encouraged to keep a dietary log, which may identify the
need for diet modification, including probiotics, lactose
avoidance, and adequate hydration. If the patient experiences
persistent grade 3 diarrhea despite antidiarrheal drugs and
dietary modification, regorafenib dose interruption or re-
duction should be considered.

For other significant adverse events, regorafenib dose modi-
fications (interruption or reduction) should be considered.

DISCUSSION AND RECOMMENDATIONS FOR

PRACTICAL MANAGEMENT

Our experience in the phase III clinical trials, together with
evidence from earlier phase trials and postapproval practice,
indicates that regorafenib has a generally consistent and pre-
dictable profile of adverse events that can be managed
with appropriate patient education, dose interruptions, dose
modification, and supportive care. Adverse events are usually
of a low grade, and events of grade 3 or higher are typically

of short duration when identified promptly and managed
optimally [12]. Due to their reversibility, adverse events can
normally be managed without the need for permanent
discontinuation of regorafenib treatment, and most patients
are able to continue treatment until disease progression.

Close communication between the patient and the health
care team allows prompt identification and management of
toxicities to achieve adherence to regorafenib therapy. It is
important to see or at least contact patients very soon after
starting treatment (i.e., within the first week), and then see
patients every 2 weeks during the first two cycles of
regorafenib treatment, to facilitate early recognition of
incipient adverse effects and initiate optimal strategies for
prevention and management (with appropriate regorafenib
dose holding or dose reduction, if needed).

It may be that, in patients who are frailer than those
included in the clinical trials, a starting dose lower than 160mg
(e.g., 120or 80mgperday)might beappropriate.Thedose can
thenbeescalatedwithin the first oneor twocycles to reach the
targetdoseof 160mg; however, there arenodatayetavailable
to support this approach.Therefore, we currently recommend
starting at the approved dose and stress the importance of
assessment after 3–7 days to allow the dosing to be modified
immediately as shown in Table 4 to address any evidence of
toxicities. Once the patient is on a stable dose and tolerating
regorafenib well, the follow-up interval can be expanded to
less frequent visits (e.g., monthly or even longer after many
months of benefit with good tolerance).

With the rapid growth in the number of targeted therapies
being introduced into clinical practice in oncology, there is
a need for high-quality evidence on the appropriate manage-
ment of adverse events, supportedby a greater understanding
of the mechanism of action of these events. Side effects
associated with targeted therapies that include VEGF in-
hibition appear to be relatively similar between therapeutic
drugs, indicating that these adverse effects may represent
a class effect resulting from inhibition of shared molecular
targets. Further linking the mechanistic etiologies of these
adverse events to the pathways inhibited by biologic agents
represents an area of active research [15, 16].

Side effects associated with targeted therapies that
include VEGF inhibition appear to be relatively similar
between therapeutic drugs, indicating that these
adverse effects may represent a class effect resulting
from inhibition of shared molecular targets. Further
linking the mechanistic etiologies of these adverse
events to the pathways inhibited by biologic agents
represents an area of active research.

For regorafenib, data continue to be collected for long-
term follow-up analyses to assess whether delivered dose
intensity correlates with therapeutic outcomes, as well as to
assess interindividual differences in pharmacologic levels
of regorafenib and its metabolites to guide optimal dose
adjustment. Further research is alsoneeded into theprofilesof
regorafenib-associated adverse effects over time; the poten-
tial impact of patients’ age, ethnicity, or pharmacologic
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biomarkers; and the effect of sequential or combination
therapy with other targeted therapies (evidence from the
phase III trials indicates that previous treatment with
bevacizumab, imatinib, or sunitinib does not appear to lead
to any “holdover” impact or worsening of adverse events on
regorafenib).

CONCLUSION
While acknowledging that management of adverse events
associatedwithtargetedtherapies is currently largelybasedon
clinical experience rather than prospectively tested, random-
ized strategies, we believe that our experience has generated
clinical guidance that will be helpful to clinicians treating
patientswith regorafenib.Theadverseeventprofileassociated
with regorafenib appears to be quite predictable across tu-
mor types and patient populations, and symptoms can be

effectively managed as long as health care professionals know
what to expect, assess patients early and regularly (starting
within 3–4 days of treatment initiation), take prompt action,
and educate, advise, and manage patients appropriately.
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