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H I G H L I G H T S

• VEGFR-TKIs are active agents in the treatment of ovarian cancer.
• VEGFR-TKI diarrhea can limit use of VEGFR-TKIs and requires careful management.
• VEGFR-TKI diarrhea should be assessed carefully.
• Life threatening causes of diarrhea must be excluded.
• VEGFR-TKI diarrhea should be treated with or without changes in dose schedule.
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Angiogenesis is a proven clinical target for the treatment of advanced epithelial ovarian cancer. Vascular endothe-
lial growth factor receptor tyrosine kinase inhibitors (VEGFR-TKIs) offer patients potential new treatment regi-
mens as they can be given as monotherapy, in combination with poly(ADP-ribose) polymerase (PARP)
inhibitors, or with and following cytotoxic chemotherapy.
If VEGFR-TKIs are licensed for use in ovarian cancer, patients will require prompt and effective management of
adverse events, including diarrhea, to optimize compliance and benefit. As diarrhea is one of the most prevalent
toxicities of this class of drug, it is important to consider the potential causes, be they disease related (bowel ob-
struction), treatment related (VEGFR-TKI-related or infective/neutropenic septic diarrhea when patients are re-
ceiving cytotoxic chemotherapy combined with VEGFR inhibitor treatment), or incurred through diet.
Here, we provide an overview of the possible mechanisms responsible for VEGFR-TKI-induced diarrhea. We re-
view potential interventions that can help in themanagement of diarrhea induced by VEGFR-TKIs, when used in
combination or as single agents, and we provide a diarrhea treatment algorithm to serve as a clinical reference
point for the management of diarrhea in patients with ovarian cancer treated with a VEGFR-TKI in combination
with chemotherapy or PARP inhibitors, or as monotherapy.
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1. Introduction

Ovarian cancer occurs in 239,000women annually worldwide and is
the leading cause of gynecologic cancer deaths in the UK and USA [1].
Angiogenesis, the formation of newblood vessels frompre-existing ves-
sels, is a validated target for treating several tumor types through the
use of inhibitors of the vascular endothelial growth factor (VEGF) path-
way [2]. In ovarian cancer, angiogenesis is a proven clinical target, as
demonstrated in Phase III trials of the humanized anti-VEGF antibody
bevacizumab [3]. In addition to bevacizumab, inhibitors of angiogenesis
include VEGF receptor tyrosine kinase inhibitors (VEGFR-TKIs) such as
cediranib, pazopanib and nintedanib (Supplementary Table 1). These
VEGFR-TKIs have the potential to offer additional therapeutic options
for patients with ovarian cancer.

In ovarian cancer, recent studies have shown that when inhibitors of
angiogenesis are combined with cytotoxic chemotherapy followed by
maintenancemonotherapy, response rate and progression-free survival
(PFS) significantly improved, thus delaying the need for further cyto-
toxic chemotherapy [3–5]. Interestingly, when combined with the
poly(ADP-ribose) polymerase (PARP) inhibitor olaparib, the VEGFR-
TKI cediranib significantly improved PFS compared with PARP inhibitor
treatment alone [6].

A known side effect of chemotherapy, VEGFR-TKIs (as monotherapy
and in combination) and PARP inhibitors is an increase in the severity
and incidence of diarrhea [6–9]. Diarrhea can be a debilitating and po-
tentially life-threatening toxicity (Fig. 1, inset table) that can adversely
affect a patient's health-related quality of life (HRQoL). Loss of fluids
and electrolytes associated with persistent or severe diarrhea can result
in life-threatening dehydration, renal insufficiency and electrolyte im-
balances and may contribute to cardiovascular morbidity. Furthermore,
reduced compliance because of adverse events (AEs) such as diarrhea
may compromise clinical outcomes [10]. In the ICON6 trial of cediranib
in combination with chemotherapy followed by cediranib maintenance
treatment, AEs, particularly diarrhea, fatigue and hypertension, were
problematic in some patients, and up to 39% of patients in the interven-
tion arm, compared with 12% in the reference group, stopped the trial
early because of toxic side effects [11].

VEGFR-TKIs are widely used in other cancers, including gastrointes-
tinal stromal tumors (GIST) and renal cell carcinoma (RCC) [12,13]. Ex-
perience gained from the effective management of VEGFR-TKI-induced
diarrhea in these tumor typesmay help to provide guidance for the suc-
cessful management of diarrhea experienced by patients with VEGFR-
TKI-treated ovarian cancer. Here, we provide an overview of the possi-
ble mechanisms responsible for VEGFR-TKI-induced diarrhea and the
effects that such agents have had on patients who have participated in
clinical trials. We also review potential interventions that can help in
the management of VEGFR-TKI-induced diarrhea, when used either in
combination or as single agents.

2. Mechanisms of VEGFR-TKI-induced diarrhea are unknown

The incidence of chemotherapy-induced diarrhea (CID) has been re-
ported to be as high as 50–80% of patients (≥30% Common Terminology

Criteria for Adverse Events [CTCAE] grades 3–5) [7], with most chemo-
therapeutic agents inducing diarrhea [14]. Similarly, VEGFR-TKI-induced
diarrhea has been reported to be a common AE (Supplementary Table 1).

Understanding the pathophysiological mechanisms of diarrhea fol-
lowing anticancer therapies would lead to the development of effective
treatments. The mechanisms for CID are becoming clearer and include
severe intestinal damage caused by mucositis, carbohydrate or fat mal-
absorption, and/or indirect biological signaling, all of which have been
outlined and discussed in detail previously [15–17]. Other potential
causes of CID include overuse of antibiotics, underuse of antidiarrheal
agents, malabsorption syndromes, concurrent radiotherapy and infec-
tion [18]. The involvement of intestinal chloride secretion has been re-
cently considered as a mechanistic hypothesis [17]. However, the
gastrointestinal tract has complex secretory, absorptive and propulsive
functions that involvemultifaceted neurologic, hormonal,muscular, im-
mune and enzyme systems, along with multiple specialized cell types,
which make it a difficult organ system to study. Mechanisms by which
VEGFR-TKI-induced diarrhea occur are yet to be elucidated and may
be distinct or overlap with those for CID.

In contrast to bevacizumab, which inhibits angiogenesis by binding
to VEGF-A, multikinase inhibitors may affect more than VEGF-A signal-
ing, and diarrhea is a more frequently observed side effect with this
class of drugs. For example, VEGFR-TKI-induced diarrhea could be
caused by inhibition of the receptor tyrosine kinases associated with
VEGF-B or -C (VEGFR-1, -2 or -3) or by off-target inhibition of receptor
tyrosine kinases, such as platelet-derived growth factor (PDGF), c-KIT,
FLT3, etc. [8]. Other proposedmechanisms that could cause diarrhea re-
late to the widespread expression of VEGFRs in the intestine [19]. In-
deed, the addition of VEGFR inhibitors significantly reduces the
capillary network in pancreatic islets and intestinal villi, decreasing zy-
mogen granules in the pancreas and pancreatic islet capillaries [8]. Con-
sequently, patients treated with strong VEGFR inhibitors report watery,
fatty stools (grade 3; N7 stools/day) [20].

VEGFR inhibitorsmay also cause changes to the bowelmucosa, lead-
ing to diarrhea. In the intestinal mucosa, small perturbations of blood
flow can result in metabolic changes that resemble ischemia and hyp-
oxia, which may cause diarrhea and ischemic colitis [21]. Inhibition of
c-KIT by VEGFR inhibitors may result in altered bowel function by
changing the regulation of interstitial cells of Cajal, the pacemaker
cells of the intestine, potentially leading to bacterial overgrowth and di-
arrhea [22]. Together, these data suggest that a mixture of pancreatic,
neurologic and vascular bowel function with potential bacterial over-
growth may account for VEGFR-TKI-associated diarrhea. However, the
increased prevalence of diarrhea in patients receiving this class of
drug compared with bevacizumab suggests that the mechanism is not
solely related to VEGF-A, and further research is required.

3. Impact of diarrhea – clinical trial experienceof diarrhea in ovarian
cancer patients treated with VEGFR-TKIs

There are currently three VEGFR-TKIs, cediranib, nintedanib and
pazopanib,which have been evaluated for the treatment of ovarian can-
cer in different disease settings. Supplementary Table 1 details the key
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