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CINV: still troubling patients after all these years
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Abstract
Chemotherapy-induced nausea and vomiting (CINV) is one of the most feared side effects experienced by patients with cancer.
The precise physiologic mechanisms responsible for acute and delayed CINV continue to be elucidated and have provided an
opportunity to develop antiemetic therapies targeting these pathways. The emergence of receptor antagonists targeting serotonin
and neurokinin-1 have revolutionized the prevention of CINV, significantly reducing the impact of this side effect and improving
patient quality of life. However, several areas of unmet need remain, including adequate prevention of nausea, rather than just
vomiting, in patients receiving chemotherapy for cancer. Prevention of delayed CINV and anticipatory CINV, as well as
management of breakthrough CINV, also continues to challenge patients and clinicians. Ongoing research continues to address
these areas to improve antiemetic therapies and guidelines.
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Introduction

Chemotherapy-induced nausea and vomiting (CINV) is a
highly unpleasant side effect associated with some treatments
of cancer. The remarkable evolution of CINV prophylaxis
witnessed over the last few decades can be attributed to ad-
vances in our understanding of the pathophysiology of emesis
and primarily to the emergence of therapies to directly target
the pathways that contribute to CINV. Despite these important
advances, CINV prevention remains often suboptimal and
presents a significant clinical challenge for healthcare pro-
viders and patients undergoing chemotherapy.

Pathophysiology of CINV

The pathophysiology of CINV is a complex multifactorial
process that involves communication between several neuro-
transmitters and receptors in the central nervous system and
gastrointestinal tract (Fig. 1) [1]. The neurotransmitters sero-
tonin (5-hydroxytryptamine or 5-HT3) and its receptor, sub-
stance P and the neurokinin-1 (NK-1) receptor, and dopamine

and its receptors play an integral role in stimulation of emesis
and are the primary targets for most current antiemetic thera-
pies. The emetic response to chemotherapy is thought to occur
through two different mechanisms, the peripheral and central
pathways. The peripheral 5-HT3-related pathway, which orig-
inates in the gastrointestinal tract, is activated in the first 24 h
after chemotherapy administration and is primarily associated
with acute emesis. The central NK-1 receptor-related pathway
occurs primarily in the brain and is thought to be predomi-
nantly involved in delayed CINV, although induction of acute
emesis can also occur via the central pathway.

Upon exposure to chemotherapeutic agents, damaged
enterochromaffin cells in the gastrointestinal tract release
serotonin that subsequently binds to 5-HT3 receptors on
the nearby vagal afferents in the abdomen.1 Afferent
nerve fibers transmit the sensory input from the gastroin-
testinal tract to the emetic center of the brain. The emetic
center consists of a loosely organized network of neurons
in the brain stem that receives signals not only from the
gastrointestinal tract but also from other structures, such
as the chemotherapy trigger zone in the area postrema [2,
3]. These sensory signals are consolidated in the emetic
center, leading to generation of efferent signals to the
abdominal muscles, stomach, and diaphragm and subse-
quent emesis. The chemoreceptors of the area postrema
are located outside the blood-brain barrier and can be
directly activated by chemotherapeutic agents as well,
triggering emesis.
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The neurotransmitter substance P, which is present in the
peripheral and central nervous systems, is also released upon
exposure to chemotherapy and binds to NK-1 receptors [4].
While serotonin is the primary mediator of emetic signals
from the gastrointestinal tract, substance P appears to most
commonly bind to NK-1 receptors within the central nervous
system and elicit signals directly to the chemotherapy trigger
zone and the emetic center of the brain, leading to delayed
emesis. However, substance P also acts in the gastrointestinal
tract, potentially playing an auxiliary role in acute CINV.
Crosstalk between 5-HT3 and NK-1 receptors has also been
hypothesized, and may explain some differences among drugs

[5]. Activation of one of these chemoreceptors may sensitize
the vagus nerve to stimulation of the other receptor pathway
and result in prolonged CINV.

Progress in CINV prophylaxis

Prior to the 1990s, antiemetic therapy consisted primarily of
dopamine receptor antagonists such as metoclopramide,
prochlorperazine, and haloperidol, and the use of glucocorti-
coids, such as dexamethasone [1]. Most of the research was
aimed at reducing emesis during the acute phase (0 to 24 h
after chemotherapy) for newly emerging, highly emetogenic

Fig. 1 Pathophysiology of chemotherapy-induced nausea and vomiting1.
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chemotherapeutic agents, including high-dose cisplatin. The
1990s ushered in the development and approval of serotonin
receptor antagonists and drastically improved the treatment of
acute chemotherapy-induced emesis. 5-HT3 receptor antago-
nists have a chemical structure similar to serotonin and bind to
the same site on the 5-HT3 receptor, blocking its activation.
The U.S. Food and Drug Administration (FDA) approved the
5-HT3 receptor antagonist ondansetron in 1991 as prophylax-
is for chemotherapy-induced emesis and approved granisetron
and dolasetron for the same indication in 1997. That same
year, the National Comprehensive Cancer Network (NCCN)
first published guidelines for the management of CINV, [6]
followed shortly by guidelines from the Multinational
Association of Supportive Care in Cancer/European Society
for Medical Oncology (MASCC/ESMO) [7] and the
American Society of Clinical Oncology (ASCO) [8].

The next landmark advance in CINV management came in
2003 with the approval of the second-generation 5-HT3 re-
ceptor antagonist palonosetron and the NK-1 receptor antag-
onist aprepitant [1]. Compared to the first-generation 5-HT3
receptor antagonists, palonosetron has a higher binding affin-
ity to the 5-HT3 receptor and a half-life of 40 h versus 4 h,
7.3 h, and 9 h for ondansetron, dolasetron, and granisetron,
respectively [9]. The chemical structure of palonosetron dif-
fers from the first-generation 5-HT3 receptor antagonists and
this inhibitor not only blocks serotonin binding in an allosteric
fashion but also leads to internalization of the 5-HT3 receptor
and prevention of crosstalk with NK-1 receptors [5]. These
characteristics may contribute to its increased efficacy against
both acute and delayed emesis compared to the first-
generation 5-HT3 receptor antagonists.

The first NK-1 receptor antagonist, aprepitant, was also
approved in 2003 [1]. While aprepitant had good oral bio-
availability, central nervous system (CNS) penetrance, and
high affinity for NK-1, it was poorly water soluble and re-
quired a special formulation [5]. Changes in the chemical
structure resulted in the intravenous pro-drug fosaprepitant,
which is water soluble and readily converts to aprepitant
in vivo. Newer oral NK-1 receptor antagonists have recently
emerged, including rolapitant and netupitant (in combination
with palonosetron as the regimen NEPA). Rolapitant has a
high CNS penetrance, high affinity and selectivity for NK-1,
and a particularly long half-life (180 h compared to 9–13 h for
aprepitant) [10–12]. Netupitant also has a high binding affin-
ity for NK-1 and a half-life of 90 h. These agents offer good
tolerability and control of CINV. In addition, the antipsychotic
agent olanzapine, while not approved by the FDA or
EuropeanMedicines Agency in the CINVindication, has been
incorporated to some extent into ESMO/MASCC guidelines
and in current NCCN guidelines and is utilized for control of
acute and delayed CINV, as well as breakthrough emesis.
Each of these agents is discussed in further detail by Lee
Schwartzberg in the third article of this supplement.

Unmet needs in CINV

Despite the substantial progress in CINV prophylaxis, as many
as 40% of patients with cancer still experience nausea,
vomiting, or both following receipt of chemotherapy [13].
There is a clear need for further improvements in the manage-
ment of this bothersome side effect. Perhaps the greatest unmet
need in CINV is the lack of complete nausea control [4].
Outside of the clinical trial setting, a study of patients with
breast cancer receiving anthracycline/cyclophosphamide-
based chemotherapy showed that 71% of patients experienced
nausea despite being prescribed guideline-based antiemetic
therapy and patients consistently ranked nausea over vomiting
as the worst side effect associated with chemotherapy [14].
While nausea and vomiting are often considered a unified
symptom, the precise physiology and risk factors that contrib-
ute to nausea are poorly understood andmany of the antiemetic
agents currently available do little to relieve chemotherapy-
induced nausea [4]. In addition, nausea can only be measured
subjectively and may be underreported by patients and
underestimated by clinicians [15]. Commonly utilized ques-
tionnaires for patient-reported outcomes include the
Functional Living Index for Emesis (FLIE) and the MASCC
Antiemesis Tool (MAT). These tools need to be used consis-
tently to gain sufficient insight to inform antiemetic treatment
decisions and minimize the risk of CINV. In a survey of on-
cology patients and providers, 37% of oncology patients felt it
was important to “be strong by not complaining” and that
nausea and vomiting were perceived indications that their ther-
apy was effective, leading to underreporting of CINV [16].

Delayed CINValso continues to be an unmet clinical need.
In a prospective, observational study of 298 patients receiving
chemotherapy for the first time, delayed nausea and vomiting
were observed in 60 and 50%, respectively, of patients receiv-
ing highly emetogenic chemotherapy (HEC) and in 52 and
28%, respectively, of patients receiving moderately
emetogenic chemotherapy (MEC) [17]. The incidence of
acute nausea and vomiting was considerably less (35 and
13%, respectively.) Interestingly, over 75% of physicians
and nurses evaluated in this study underestimated the inci-
dence of delayed CINV after both HEC and MEC. A more
recent study of 240 patients receiving MEC demonstrated sig-
nificantly higher incidences of delayed nausea and vomiting
compared to acute nausea and vomiting, with twice as many
patients requiring rescue antiemetic therapy during the de-
layed phase [18]. It is important to note in both of these studies
that although patients were receiving standard of care anti-
emetic therapy, at that time this did not include agents such
as NK-1 receptor antagonists and olanzapine that have since
demonstrated efficacy in preventing delayed CINV.

Breakthrough and refractory CINV and anticipatory CINV
present substantial clinical challenges in oncology as, once
established, they are often difficult to reverse [4, 19]. In a study
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of patients receiving HEC and prophylactic fosaprepitant,
palonosetron, and dexamethasone, 41% of patients developed
breakthrough CINV [20]. Breakthrough CINV despite appro-
priate antiemetic prophylaxis is difficult to control and can lead
to treatment disruption and discontinuation. Breakthrough
emesis can also lead to anticipatory CINV, with patients devel-
oping strong conditioned responses that have both a physio-
logic and psychologic component [4]. Anticipatory CINV can
greatly interfere with a patient’s quality of life and hamper their
willingness to continue treatment. A recent analysis of 991
patients receiving chemotherapy showed an incidence of an-
ticipatory nausea of 8 to 14%, with rates increasing with each
subsequent cycle [21]. Complete control of CINV during the
first course of chemotherapy is the most effective strategy to
prevent the development of anticipatory CINV. Patients who
experienced CINV in their first cycle of chemotherapy were
3.7 times more likely to have anticipatory nausea before their
second cycle of therapy. Avoidance of strong smells that may
trigger symptoms, relaxation techniques, hypnosis, and acu-
puncture can also be helpful [22].

Perhaps the biggest barrier to effective control of CINV is
the poor adherence to existing guidelines. Multiple consensus
groups have published guidelines for the prevention and man-
agement of CINV, but studies suggest many patients are not
receiving guideline-based antiemetic therapy [22–24]. In the
Pan European Emesis Registry (PEER) prospective observa-
tional study, 55 and 46% of patients received guideline-
consistent antiemetic therapy in the acute and delayed period,
respectively [25]. Only 29% of patients in this study received
guideline-consistent antiemetic therapy for the entire study
period. A similar study in the USA showed that 57% of pa-
tients received guideline-consistent CINV prophylaxis, sug-
gesting a continuing need to better educate clinicians, nurses,
pharmacists, and patients regarding currently available guide-
lines and options for antiemetic prophylaxis [26].
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