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Abstract

Treatment-related acute gastrointestinal toxicities are a common and often debilitating hurdle
encountered in the treatment of cancer patients. While the introduction of targeted therapies such
as tyrosine kinase inhibitors has led to improvements in survival outcomes, their use has also been
complicated by a high frequency of clinically important adverse effects. Gastrointestinal toxicities such
as nausea, vomiting, diarrhoea and hepatotoxicity represent potentially serious adverse events that
may necessitate dose reductions, treatment interruptions and cessation of treatment. An improved
knowledge of the incidence, pathophysiology, management and prophylaxis of these toxicities is
crucial in order to reduce patient morbidity and mortality. In this review, we discuss the main
gastrointestinal toxicities associated with chemotherapy and targeted therapies in oncology, outlining

their incidence, pathophysiology and expert management guidelines.
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1. Introduction

Many cancer patients receive either curative or palliative systemic anti-cancer treatment (SACT)
throughout their iliness. 28% of cancer patients in England receive chemotherapy but this rises to
46.1% and 38.7% for stage 3 and 4 cases respectively (1). Gastrointestinal (Gl) side-effects of SACT
such as diarrhoea, nausea, vomiting and hepatotoxicity can cause treatment delays or discontinuation,
dose adjustments and significant morbidity and mortality (2,3). Here we discuss the main acute
gastrointestinal toxicities associated with chemotherapy and targeted therapies used in oncology. We
first provide a summary of the relevant anticancer agents associated with each toxicity followed by an

overview of clinical and pharmacological management.

2. Diarrhoea

Diarrhoea is a well-recognised adverse effect of systemic anticancer therapy (SACT), defined as the
frequent passage of loose stools associated with urgency, or a more frequent passage than normal for
an individual (4). Diarrhoea can be debilitating and potentially life-threatening, particularly when it
occurs with neutropenia (5). Acute diarrhoea is particularly associated with 5-fluoruracil (5-FU) and
irinotecan-based regimens as well as tyrosine kinase inhibitors (TKls). Diarrhoea can also have a
significant effect on performance status, which can lead to psychological distress, social isolation and

in some cases, reluctance to continue treatment.

2.1 Risk factors and grading

There are numerous established risk factors for developing SACT-related diarrhoea as outlined in Table
1. The Common Terminology Criteria for Adverse Events (CTCAE) is the most frequently used system
for classifying the severity of diarrhoea (Table 2) (6). While this system is important, it does not

account for volume, symptom duration or patient perception regarding symptom severity (4).

2.2 Chemotherapeutic agents frequently associated with diarrhoea

Grade 3-4 chemotherapy-induced diarrhoea (CID) is reported in 5-47% of patients in randomised
clinical trials (RCTs) (2). CID can significantly impact a patient’s anti-cancer treatment, resulting in
treatment alterations in approximately 60% of patients, dose delays in 28%, dose reductions in 22%

and complete discontinuation of treatment in 15% (3,7,8). Whilst diarrhoea can be a consequence of



a variety of chemotherapy regimens, as shown in Table 3, it is more frequently associated with 5-FU

bolus regimens and irinotecan and fluoropyrimidine combinations (9).

2.2.1 5-fluoruracil

Diarrhoea is a common adverse effect of 5-FU and was reported in up to 50% of patients In the initial
reports of weekly 5-FU/leucovorin chemotherapy, with mortality rates as high as 5% (4,10). The oral
5-FU prodrug capecitabine is associated with an increased risk of grade 3-4 diarrhoea compared with
5-FU, with one meta-analysis reporting rates of 16.6% and 12.7% for capecitabine and 5-FU-based

treatment respectively (11).

In some cases, genetics contribute to 5-FU toxicity. Dihydropyrimidine dehydrogenase (DPD)
deficiency, caused by mutations in the gene DPYD, is associated with reduced clearance and
consequent prolonged exposure to fluoropyrimidines, resulting in potentially life-threatening
toxicities including severe diarrhoea, mucositis and pancytopenia (12). While complete DPD deficiency
is rare, partial deficiency is present in 3-6% of cancer patients (13,14). DPYD*2A is the most common
polymorphism and accounts for nearly 50% of non-functional alleles (10). Pre-treatment examination
for DPD deficiency, either by testing for enzyme activity or genetic variants in DPYD, is established in
some centres (15) but is not in widespread use. In March 2020, the European Medicines Agency (EMA)
recommended that all patients should be tested for DPD deficiency before commencing treatment
with 5-FU, capecitabine and tegafur (16). Patients with complete DPD deficiency must not be treated

with these agents, while in partial deficiency a reduced starting dose is advised.

2.2.2 Irinotecan

Irinotecan can cause acute diarrhoea (occurring immediately after administration) or delayed
diarrhoea (occurring >24 hours after administration). Immediate-onset diarrhoea is caused by
inhibition of acetylcholinesterase, resulting in increased cholinergic transmission within minutes of
administration and patients often report symptoms of cholinergic excess, such as abdominal
cramping, salivation and lacrimation (10). Average symptom duration is 30 minutes and patients
typically respond rapidly to atropine [0.25-1mg subcutaneously (SC) or intravenously (IV)].
Premedication with 0.5mg atropine SC may prevent acute diarrhoea (4,17). Late diarrhoea is common,
has a median time to onset of 5 days if irinotecan is administered 3-weekly and can be life threatening,

with grade 3/4 events reported in 20-40% of patients (18,19).



2.3 Targeted therapy-induced diarrhoea

Diarrhoea is associated with the use of multiple targeted anti-cancer therapies (Supplementary Table
1), most notably TKls, where it is one of the most common recorded toxicities, affecting up to 50% of

patients (20). Severity is largely dose-dependent and can be modulated with a dose reduction(2).

2.3 1 Pathophysiology

The exact mechanisms underlying CID remain unclear and likely involve several overlapping
inflammatory, neural and secretory mechanisms. It is thought that the majority of CID occurs as a
consequence of Gl mucositis (21). Initiation of mucositis, believed to result from either direct or
indirect cytotoxic effects of chemotherapy on rapidly dividing cells of the Gl tract, triggers apoptosis.
This results in epithelial atrophy and a reduction in crypt length and villus area, coupled with activation
of nuclear factor-kappa B (NFkB). Subsequent up-regulation in the expression of pro-inflammatory
cytokines such as interleukin-1 contributes to inflammation and ulceration along the mucosal
epithelium (21). CID can then occur through three main mechanisms: secretory diarrhoea (via damage
to the enterocyte transport proteins, thereby leading to an increase in the secretion of electrolytes
and/or reduced absorptive capacity), osmotic diarrhoea (resulting from increased intraluminal, non-

absorbable, hypertonic substances) and altered Gl motility (2,3).

Much of the research into the mechanisms underlying CID has focused on irinotecan and its active
metabolite SN38, believed to be 100 — 1000 times more cytotoxic than irinotecan (2). SN38 is
conjugated in the liver by glucuronyltransferase and deactivated to SN38-glucoronide (SN38G), a less
toxic metabolite that is excreted via bile. In the stool however, SN38G may be reactivated to SN38 in
the presence of B-glucuronidase, produced by the intestinal microbiome, damaging the Gl mucosa as

the drug is excreted (10,22).

Several mechanisms underlying targeted therapy-induced diarrhoea have been proposed but the
exact mechanism remains unclear for some agents. Proposed mechanisms for TKl-related diarrhoea
include excess chloride secretion, inhibition of epithelial repair, and changes in gut motility and
absorption amongst others (2). Less is known about the mechanisms underlying diarrhoea associated
with newer targeted therapies such as poly ADP ribose polymerase (PARP) inhibitors and cyclin-

dependent kinase (CDK) 4/6 inhibitors.



2.4 Assessment

2.4.1 Medical history

Athorough medical history is essential in the assessment of cancer patients presenting with diarrhoea.
It is important to establish baseline normal bowel function prior to the onset of diarrhoea. The
frequency of bowel motions, stool consistency and the presence of blood, mucus or pus should be
clarified, particularly noting whether the patient is experiencing nocturnal stools, urgency of
defaecation, faecal incontinence or steatorrhoea. The presence of any of these factors requires
prompt gastroenterological assessment. Questioning should also cover non-oncological causes
including recent use of antibiotics, laxatives or proton pump inhibitors and any recent travel, dietary

changes or contact with potentially infected individuals.

2.4.2 Warning signs

Table 4 lists features, which, if present along with diarrhoea, should cause clinical concern. The
presence of these symptoms, the frailty status of the patient (pre-existing comorbidities, advanced
age and immunocompromised) and/or a poor response to initial treatment should prompt a
multidisciplinary discussion, with input from gastroenterologists, oncologists, infectious disease

experts and intensivists in the most severe cases (4).

2.4.4 Investigations

A patient’s clinical status, symptom duration and severity should guide the choice of investigations,
however the majority will require routine blood tests and radiological investigations. Acid-base
balance and lactate concentrations should also be measured, particularly if the patient is hypotensive
or tachycardic. If a patient is febrile and neutropenic, a minimum of two sets of blood cultures are
required and guidelines for febrile neutropenia should be followed (23). Patients admitted to hospital
with grade 3-4 diarrhoea require urgent stool culture and Clostridium difficile testing (4). Abdominal
radiography should be performed and a stool chart should be commenced. If signs of peritonism are
present, abdominal CT is indicated to establish the extent of small and large bowel involvement and
to exclude complications such as neutropenic enterocolitis, perforation and malignant bowel

obstruction.



2.5 Management

2.5.1 General management principles

Patients with grade 1-2 diarrhoea and no other concerning signs or symptoms are classified as
uncomplicated and can usually be managed conservatively at home with oral hydration and
loperamide (9). These patients should be reviewed regularly by telephone to establish symptom
severity and whether face-to-face assessment is necessary (2). If diarrhoea persists for >24 hours
despite loperamide, clinical assessment is required. Patients with grade 1-2 diarrhoea and any of the
aforementioned warning signs are classified as complicated and should be hospitalised for further

management as outlined below.

Those with grade 3-4 diarrhoea require urgent assessment and generally require admission (24).
Intensive management of grade 3-4 diarrhoea and complicated cases typically involves fluid

resuscitation, loperamide, octreotide and in some cases antibiotics (4).

2.5.2 Acute fluid resuscitation

Assessment of fluid balance is crucial, as patients with severe SACT-related diarrhoea can lose up to
4-6 litres of fluid per day and become profoundly hypovolaemic. In grade 3-4 diarrhoea, or when
severe dehydration is present, the IV route for fluid replacement is preferred (2). If the patient is
hypotensive, tachycardic and potentially septic with a high lactate concentration, an initial fluid bolus

should be given (25).

It is important to note that clinicians should not stop antidiarrhoeals, even if sepsis is suspected. While
infection can cause diarrhoea in patients on SACT, the probability of enteric infection appears to be
low. It is crucial however that Clostridium difficile is excluded promptly. Suspected infection can be

treated concurrently, as long as diarrhoea is also actively managed (2).

2.6 Medication

The pharmacological management of SACT-related diarrhoea, including recommend dosing, is

summarised in Table 5.

2.6.1 Opioids



Loperamide, a high-affinity agonist against the p2 opiate receptors, is the standard first-line therapy
for SACT-related diarrhoea. While high-dose loperamide is often effective, prolonged use can lead to
side effects including severe constipation and paralytic ileus, so aggressive dosing should be
undertaken with close monitoring (26). If grade 1-2 diarrhoea persists for >24 hours despite
loperamide, other opioids such as codeine can be added or used as an alternative, at the discretion of

the physician.

2.6.2 Somatostatin analogues (Octreotide)

Octreotide, a somatostatin analogue, is the second main therapeutic option employed in the
management of CID (4). Where grade 1-2 diarrhoea is high-risk or persists for >24 hours despite high
dose loperamide and/or codeine, or in grade 3-4 diarrhoea, octreotide is usually indicated, and is

typically discontinued 24 hours after symptom resolution.

2.6.3 Uridine triacetate

Uridine triacetate is an orally administered specific antidote to fluoropyrimidines that has been shown
to improve survival and symptom resolution in cases of severe 5-FU or capecitabine toxicity or
overdose (27). Uridine triacetate was licenced by the US Food and Drug Administration (FDA) and
European Medicines Agency (EMA) in 2015, and in the UK in March 2020, for the management of early
onset, severe and life-threatening toxicities of fluoropyrimidines including diarrhoea (28,29)
Guidelines recommend treatment in severe or life-threatening diarrhoea occurring within 96 hours of

completion of 5-FU or capecitabine (4).

3. Nausea and Vomiting

While the development of increasingly effective anti-emetic regimens has reduced the incidence of
chemotherapy-induced nausea and vomiting (CINV), this toxicity is one of the most feared and
unpleasant side effects of SACT, with up to 40% of patients failing to achieve complete symptom
control (30). Here we provide an overview of the classification and pathophysiology of CINV and

current management guidelines



3.1 Classification
CINV is classified into distinct syndromes according to time of onset(31-33):

e Acute CINV: occurs within minutes to hours after chemotherapy administration, with a
maximal intensity after 5-6 h and resolving within 24 h

e Delayed CINV: occurs more than 24 hours after chemotherapy administration, with peaks of
intensity between 48 and 72 hours. Delayed CINV is typically more prevalent than acute CINV,
which may be due to more aggressive antiemetic prophylactic strategies being implemented
in the acute-phase setting (34).

e Breakthrough CINV: the continuation of symptoms within 5 days of receiving antiemetics

e Refractory CINV: nausea and/or vomiting that occurs in subsequent chemotherapy cycles
despite a maximal antiemetic protocol.

e Anticipatory nausea and vomiting (ANV): precedes chemotherapy administration. This is a
conditioned response, typically occurring in patients who have had a previous negative

experience of vomiting associated with chemotherapy.

3.2 Emetogenic risk

As outlined in the National Comprehensive Cancer Network (NCCN) guidelines, four categories are
used to classify the emetogenic risk of chemotherapeutic agents (the likelihood of a patient vomiting

in the absence of antiemetic medications) (35):

e Highly emetogenic chemotherapy (HEC): >90% of patients experience CINV
o Moderately emetogenic chemotherapy (MEC): 30%-90%
e Low emetogenicity: 10%-30%

e Minimal emetic risk: <10%

In Table 6, intravenous and oral anticancer agents are categorised according to emetogenic risk (32).
Greater than 90% of patients receiving HEC will experience vomiting without prophylactic antiemetics

and prophylactic measures can reduce this to 30%. (35).

3.3 Risk factors



The incidence and severity of CINV are affected by several factors, including the therapeutic agents
used, dose, route of administration and patient variables such as age, sex and prior CINV. Younger age
and female gender are associated with an increased risk of CINV, while excess alcohol intake

>100g/day is associated with a reduction in emesis (35,36).

3.4 Pathophysiology

CINV involves a complex network of neuroanatomical and peripheral centres, neurotransmitters and
receptors, with different mechanisms involved in acute and delayed CINV (37). Figure 1 illustrates the
major regions and pathways involved. These include the chemotherapy trigger zone (CTZ) at the base
of the fourth ventricle, the vomiting centre (VC) in the medulla oblongata, vagal nerve afferents
projecting from Gl tract to the nucleus of the solitary tract (NTS), the dorsal motor nucleus of the

vagus, and the enterochromaffin cells (ECs) in the Gl tract (38).

The three main neurotransmitters involved in CINV are serotonin (5-HT), which binds to the 5-HT;
receptor, substance P (neurokinin-1 (NKi) receptor) and dopamine (D2 receptor) (31,38). The
neurotransmitters gamma aminobutyric acid (GABA), dopamine, histamine, acetylcholine and the

cannabinoids are also thought to be involved, although their roles are less clear (36).

In acute CINV, free radicals generated by chemotherapeutic agents are toxic to ECs lining the Gl
mucosa, stimulating serotonin release (37). At elevated levels, serotonin binds to 5-HT; receptors on
vagal nerve afferents (38). The central nervous system receives and processes the emetic stimuli,

triggering the vomiting reflex via the NTS and CTZ (39).

Substance P is the primary neurotransmitter involved in delayed CINV. Chemotherapeutic agents
trigger the release of substance P, which binds to NK; receptors (mainly located in the NTS) to induce
vomiting (37). In both acute and delayed CINV, the VC plays a crucial role in coordinating nausea and

vomiting via signals from the NTS, CTZ and afferent vagal nerves (38).

3.5 Pharmacologic therapies for CINV

The pharmacologic classes of antiemetic agents recommended for acute and delayed CINV are shown
in Table 7 and stem from differences in the underlying pathophysiology. These include 5-HT; receptor
antagonists (5-HT3 RA), neurokinin-1 receptor antagonists (NK; RA), corticosteroids and to a lesser

extent dopamine antagonists, benzodiazepines and cannabinoids (37). Since the 1990s, CINV



management guidelines have been issued by professional oncology organisations, including the
Multinational Association of Supportive Care in Cancer/ European Society for Medical Oncology
(MASCC/ESMO), the American Society of Clinical Oncology (ASCO) and the NCCN (32,33,35,40). The
emetogenicity of chemotherapy agents is used to direct antiemetic guidelines and a generalized

scheme for antiemetic guidelines is outlined in Table 8 and Supplementary Table 2.

3.5.1 5-HT; receptor antagonists

5-HT3 RA act on serotonin receptors both peripherally in the intestine and centrally in the CTZ (37).
This class includes first-generation 5-HT3 RA (ondansetron, granisetron, dolasetron) and second-
generation compounds (palonosetron). First-generation 5-HT; RA have a half-life of 3-9 hours, while
second-generation compounds have a much longer half-life of approximately 40 hours (37,41).
Consequently, ondansetron, dolasetron and granisetron are most commonly used in acute CINV with
palonosetron demonstrating efficacy in delayed CINV (37). Ondansetron, dolasetron and granisetron

should be used with caution in patients with long QT syndrome (41).

3.5.2 NK; receptor antagonists

NK: RA block the binding of substance P at the NK; receptor both peripherally and centrally. Approved
drugs in this class include aprepitant, fosaprepitant and rolapitant. These drugs are typically not used
alone in acute CINV, but rather in combination with a 5-HT; RA and dexamethasone (32,35,40).

Common adverse effects typically include fatigue, nausea and diarrhoea.

3.5.3 Corticosteroids

Despite their use in CINV since the 1980s (42), the mechanism of action of corticosteroids as an
antiemetic remains unclear (37). Dexamethasone, the corticosteroid of choice for CINV, is often used
in combination with other agents to increase antiemetic efficacy in both acute and delayed CINV and

can be used as monotherapy in regimens with low emetogenic risk (35).

3.5.4 Olanzapine




Perhaps the most significant update in the management of CINV is the recommendation on the use
quadruple therapy for HEC, with all guidelines now recommending the incorporation of olanzapine
(10mg given once prior to administration of HEC, and then daily for 3 days) to the prophylactic
antiemetic regimen of 5-HT; RA + NK; RA + dexamethasone (33). Olanzapine is an atypical
antipsychotic and an antagonist at multiple receptors involved in CINV including muscarinic
acetylcholine receptors, serotonin receptors, dopamine receptors and histamine receptors, and as
such is a useful antiemetic agent (35). The strongest evidence for its use comes from a phase Il RCT
which assessed nausea prevention following the addition of olanzapine/placebo to aprepitant (or
fosaprepitant) + 5-HT3 antagonist + dexamethasone in chemotherapy-naive patients receiving HEC
(43). When compared with placebo, significantly higher numbers of patients taking olanzapine
reported no chemotherapy-induced nausea (74% vs. 45% at 24 hours, P = 0.002) and experienced a
complete response with no emesis and no use of rescue medication (86% vs. 65% at 24 hours,
P<0.001). In line with this, a 2017 Cochrane review of 14 RCTs found moderate-quality evidence that
olanzapine reduced CINV compared with standard management or placebo. Somnolence was a noted
adverse event and caution regarding dosing was advised in the elderly (44). The latest NCCN guidelines
recommend this 4-drug regimen with olanzapine, which may be substituted with levomepromazine,

as a first-line option (35).

3.5.5 Other agents

Dopamine receptor antagonists such as metoclopramide and prochlorperazine are typically used in
breakthrough CINV (32,35,40). Guidelines differ regarding cannabinoids, which are recommended as
alternative antiemetics in the NCCN and ASCO guidelines, but not in the MASCC/ESMO guidelines (33).
A 2015 Cochrane Review reported that cannabinoids may have a role in refractory CINV but the quality

of available evidence was low (33,45).

3.6 Breakthrough CINV and refractory emesis

Antiemetics are most effective when used prophylactically and it is preferable to optimise their use in
this setting (32); however, breakthrough CINV can still occur despite use of guideline-based
prophylaxis. In these cases, an antiemetic with a different mode of action to the prophylactic agent(s)
is recommended (32). CINV which occurs even with adequate prophylaxis necessitates a change in

management (41).



3.7 Anticipatory nausea and vomiting

ANV is believed to be a learned response to chemotherapy and is often more difficult to control than
acute or delayed CINV (38). Risk factors for ANV include a past history of poorly controlled CINV, prior
nausea and vomiting due to other causes (such as pregnancy or motion sickness), female gender, age
<50 years and anxiety (32,38,46). Pharmacological management of ANV is challenging and
consequently, the optimal management strategy is effective management of acute and delayed CINV,
especially at the first cycle (32,47). While benzodiazepines can be used (32), ANV may also respond to
behavioural modification approaches such as hypnosis and music therapy (48). While behavioural

therapies have proven efficacious, how best to integrate them into current practice remains unclear.

4. Hepatotoxicity

Drug-induced liver injury (DILI) following systemic anticancer therapy (SACT) is frequently an
unpredictable and idiosyncratic reaction and is often unrelated to dose, duration or route of
administration (49,50). Clinical presentation ranges from an asymptomatic mild transaminitis to

fulminant hepatic failure (Figure 2).

4.1 Pathophysiology

DILI has a range of pathophysiological manifestations, shown in Figure 2 (51-53). The most common
are hepatocellular necrosis and cholestasis, accounting for an estimated 55% and 25% of DILI
respectively (54,55). Injury to hepatocytes occurs either due to direct hepatotoxicity with subsequent
oxidative stress and apoptosis/necrosis or in the case of idiosyncratic DILI, as a result of complex
interactions between a drug or its metabolites and the immune response. The role of each of these

factors remains poorly understood (56,57).

Specific agents associated with hepatotoxicity

4.1.1 Chemotherapy

The mechanism and pattern of chemotherapy-induced liver injury are in general specific to particular

regimens and have been extensively reviewed (49,58,59). The mechanism of injury remains poorly



understood for some agents. 5-FU, a key component of many regimens, is associated with the
development of steatosis (with an estimated prevalence of 37-47%), (60,61) oxaliplatin with sinusoidal
dilatation and irinotecan with steatohepatitis (62,63). Prescribing guidelines regarding specific

chemotherapeutic agents are widely available but beyond the scope of this review (59).

4.1.2 Tyrosine kinase inhibitors

Although relatively well tolerated, many TKIs are associated with a significant increase in risk of
hepatotoxicity. Hepatocellular necrosis is the most common histological manifestation and rarely
progresses to cirrhosis. Estimates of grade 3 hepatotoxicity range from 1-12% depending on the TKI
used, with one meta-analysis demonstrating a four-fold increase in risk of high-grade hepatic adverse
events compared with control (64). Five TKls (pazopanib, sunitinib, regorafenib, lapatinib and

ponatinib) carry a FDA ‘Black Box Warning’ based on reports of fatal hepatic failure (65).

4.2 Risk factors

A range of factors, shown in Figure 2, can predispose to SACT-related DILI (55). The presence of pre-
existing liver disease has relatively little impact on hepatotoxicity unless Child’s Class C cirrhosis is
present (66,67). Genetic abnormalities can affect risk; one genome-wide association study identified
HLA-DQA1*02:01 as a significant risk factor for lapatinib-induced hepatotoxicity (68). Given the
multiplicity of potential confounding factors, interpreting liver blood test abnormalities in the setting
of SACT is challenging and a systematic diagnostic approach is required to ensure this potentially

serious treatment complication is managed appropriately.

4.3 Hepatotoxicity Classification Criteria

Criteria for classifying derangement of routine liver blood tests include the CTCAE and DILI severity
index (6,69). Although the pattern of derangement can help determine the mechanism of injury, the
extent of derangement is poorly reflective of the degree of liver impairment (60,70) and even in

cirrhosis, aspartate aminotransferase (AST) and alanine transaminase (ALT) can be normal (71).

4.4 Assessment



A comprehensive approach based on established British Society of Gastroenterology guidelines is
required when investigating suspected DILI in a cancer patient with deranged liver blood tests (70),
taking into account baseline liver function, severity of presentation, time course of liver derangement
and the wider clinical picture. The comprehensive LiverTox resource provides guidelines on specific
drugs, including a likelihood calculator based on frequency of reported cases (72). Further imaging, a
liver screen and less commonly a liver biopsy may be indicated to exclude other causes of acute and
chronic liver injury (70,73). In the setting of acute liver failure (ALF), assessment should be undertaken
according to established guidelines; the European Association for Study of the Liver (EASL) guidelines

provide a comprehensive review in this regard (74).

4.5 Management

Guidelines for dose modification and discontinuation in suspected DILI vary and in practice empiric
clinical judgement is often required, with the aim of instituting changes before irreversible
hepatotoxicity occurs. Hy’s Law forms the basis of the majority of guidelines (73) and states that DILI
which leads to jaundice (without a significant cholestatic picture) leads to death or liver
transplantation in >10% of cases (54,55,69). There is no definite consensus on when to discontinue
anticancer therapy in presumed DILI. The generally accepted threshold below which DILI may be
reversible is ALT 8 x baseline; however, most protocols recommend dose alterations or
discontinuation well below this, typically with a threshold of ALT >3 x upper limit of normal (ULN),

(73). Where liver injury has necessitated drug discontinuation, rechallenge is rarely appropriate.

4.5.1 Acute Liver Failure

Cases of ALF secondary to SACT are relatively rare and <10% of patients with non-paracetamol DILI
progress to ALF; however, if they do, up to 80% die or require liver transplantation (55). The EASL
guidelines provide a valuable resource regarding management of ALF (74). Careful monitoring for
progression of HE is required, as patients can deteriorate rapidly within hours. Patients with > grade
2 HE or a deterioration with extrahepatic organ involvement should be transferred to critical care for
appropriate airway management (74). Consideration of early referral to a specialist centre is

recommended, even if unsuitable for transplant, as this is associated with improved survival.

5. Conclusion



Nausea and vomiting, diarrhoea and hepatotoxicity are amongst the most common SACT-related
toxicities. While the establishment of evidence-based-guidelines has considerably reduced incidence,

these toxicities can profoundly impact patients’ quality of life and can be life-threatening.

Even with diligent adherence to current clinical guidelines, breakthrough or refractory CINV may still
occur. Management of SACT-related diarrhoea must be prompt and effective, with particular caution
where irinotecan-based regimens are used. Patients with grade 3-4 diarrhoea or clinical warning signs

should generally be managed in the inpatient setting.

DILI secondary to SACT is often unpredictable and idiosyncratic, so liver blood tests must be carefully
monitored during treatment. Guidelines aim to mitigate progression to ALF which, although rare, can

be fatal.

Thorough clinical evaluation and adherence to established guidelines can significantly improve
management of acute Gl toxicities for patients on SACT. Ultimately, collaborative international efforts
will lead to further advances in the pharmacological management as well as advancing ongoing efforts

to determine biomarkers for acute Gl toxicity.

6. Practice points

e Adherence to international practice guidelines is essential in the prevention and management
of SACT-related Gl toxicity.

e It is recommended that testing for DPD deficiency should be offered before commencing
treatment with 5-FU or capecitabine.

e Uridine triacetate has been licenced for management of early onset, severe and life-
threatening diarrhoea secondary to fluoropyrimidines.

e Guidelines now recommend the addition of olanzapine to the prophylactic regimen of 5-HT;

RA + NK; RA + dexamethasone for CINV.

7. Research agenda
e Animproved understanding of the biological and psychological predictors of acute Gl toxicities
of SACT is needed.
e Ongoing collaborative international translational research is required to identify those at high

risk and derive new therapeutic targets to improve outcomes.
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Table 1

Risk factors for developing chemotherapy-induced diarrhoea

Patient factors

Therapy-related factors

Older age

Poor performance status

Female gender

Presence of tumour in the bowel
Associated bowel pathology such as lactose

intolerance

Agent specific (for example capecitabine/ 5-
fluorouracil, irinotecan)

Infusional chemotherapy

Weekly chemotherapy scheduling
Concomitant abdominal-pelvic radiation
and chemotherapy

Prior history of chemotherapy-induced

diarrhoea




Table 2

National Cancer Institute (NCI) CTCAE grading of diarrhoea v5.0.

Grade 1

Grade 2

Grade 3

Grade 4

Grade 5

Increase of <4
stools per day over
baseline; mild
increase in stoma
output compared

to baseline

Increase of 4-6
stools per day over
baseline; moderate
increase in stoma
output compared
to baseline;
limiting

instrumental ADL

Increase of >7
stools per day over
baseline;
hospitalisation
indicated; severe
increase in stoma
output compared
to baseline; limiting

self-care ADL

Life-threatening
consequences;
urgent intervention

indicated

Death

ADL, activities of daily living.




Table 3

Rates of CTCAE grade 3-4 diarrhoea for frequently used chemotherapeutic agents and combinations.

Chemotherapy Incidence of grade 3-4 diarrhoea (%)

Single agent therapy:

5-FU (bolus) 32 (Grade 3)
5-FU (continuous Infusion) 6-13
Irinotecan (late diarrhoea) 16-22
Capecitabine 11
Docetaxel/paclitaxel 4

Combination therapy:

CapelRI 47
FOLFOXIRI 20
mIFL 19
Bolus fluorouracil with folinic acid 16
Irinotecan with fluorouracil and folinic acid 15
Docetaxel with capecitabine 14
FOLFIRI 14
FLOX 10

5-FU, 5-Fluorouracil; CapelRI capecitabine/irinotecan; FLOX, bolus fluorouracil/leucovorin/oxaliplatin; FOLFIRI,
fluorouracil/leucovorin/irinotecan; FOLFOXIRI, fluorouracil/leucovorin/oxaliplatin/irinotecan; mIFL,

irinotecan/bolus fluorouracil.

Adapted from (4,10).



Table 4

Clinical warning signs indicating a potentially complicated clinical course

Warning signs

Febrile neutropenia, neutropenic sepsis
Sepsis

Fever

Shock

Renal impairment

Electrolyte imbalance

Inability to eat

Nausea, vomiting and dehydration with reduced urine output
Increasing fatigue

Previous admission for diarrhoea

Abdominal cramps not relieved by loperamide
Peritonitis

Blood loss

Delirium

Adapted from (4)



Table 5

Overview of medications used in the treatment of SACT-related diarrhoea

persistent or high-risk

grade 1-2 diarrhoea

suppression of hormones (e.g.
vasoactive intestinal peptide)
and gastric acid secretion,
reduction in gastrointestinal
motility, reduced pancreatic
secretions and promotion of

intestinal absorption

subcutaneously three
times daily, dose can be
titrated up to 500ug
subcutaneously three

times daily

injection or infusion
(preferred) or
intravenous
injection or infusion

(25-50ug/h)

Medication Indication Mode of action Dosing Administration Caution
Loperamide First-line treatment of Synthetic opiate with direct 4mg initial dose followed | Oral Minimal absorption and
diarrhoea effects on gastrointestinal by 2mg every 2-4 hours systemic effects; aggressive
smooth muscle thereafter (or after every dosing risks paralytic ileus
loose stool) up to a
maximum of 16mg per
day*
Codeine Alternative to loperamide | Opioid that works via central 15-60mg up to four times | Oral Nausea , sedation
and local mechanisms to delay per day (maximum dose
transit time through small and 240mg in24 hours)
large intestines
Octreotide Grade 3-4 diarrhoea, Somatostatin analogue, causes 100-150ug Subcutaneous Can precipitate steatorrhoea,

may reduce insulin
requirements in type 1

diabetes

Uridine triacetate

Early onset, severe and

life-threatening toxicities

Prodrug of uridine, lipophilic
and quickly absorbed by the gut,

10g orally every 6 hours
for 20 doses

Oral

Nausea, vomiting, diarrhoea




of fluoropyrimidines, or

overdose

delivering high concentrations
of uridine which competes with

toxic 5-FU metabolites

associated with
neutropenia, fever and

hypotension

targeting anaerobic organisms
and small intestinal bacterial

overgrowth

choice should be based
upon resistance patterns

and allergy status

Budesonide Second-line for persistent | Topically active corticosteroid, 9mg once daily for 3-5 Oral Increased risk of infection;
grade 1-2 uncomplicated high activity in inflammatory days systemic effects of steroids are
diarrhoea refractory to bowel disease, 90% first-pass possible
loperamide effect in liver and therefore low

bioavailability

Atropine Acute onset diarrhoea Competitive inhibition of 0.25mg for prophylaxis/ Subcutaneous or Caution required in elderly
starting <24 hours after acetylcholine at muscarinic treatment of cholinergic intravenous patients; contraindicated in
irinotecan administration receptors effects of irinotecan injection glaucoma

Antibiotics Grade 3-4 diarrhoea Broad spectrum antibiotics Regimen-dependant, Oral or intravenous Increased risk of Clostridium

difficile colitis

* A more aggressive regimen (4 mg initially, then 2 mg every two hours or 4 mg every four hours until diarrhoea free for 12 hours) is recommended for severe diarrhoea

and that related to use of high-dose irinotecan or irinotecan plus bolus FU and leucovorin.

Adapted from (2)



https://www.uptodate.com/contents/irinotecan-conventional-drug-information?topicRef=98342&source=see_link
https://www.uptodate.com/contents/leucovorin-drug-information?topicRef=98342&source=see_link

Table 6

Emetogenic potential of intravenous and oral chemotherapeutic agents and targeted therapies in solid

tumours.

Emetogenic risk

Intravenous agents

Oral agents*

HEC (>90%)

Anthracycline/ cyclophosphamide (AC)

combination

Carmustine

Cisplatin

Cyclophosphamide > 1500mg/m?
Dacarbazine

Mechlorethamine

Streptozocin

Hexamethylmelamine

Procarbazine

MEC (30%-90%)

Carboplatin
Cyclophosphamide < 1500mg/m?

Daunorubicin

Ceritinib
Crizotinib

Cyclophosphamide

Methotrexate

Doxorubicin Imatinib
Epirubicin Temozolomide
Idarubicin Vinorelbine
Ifosfamide
Irinotecan
Oxaliplatin
Temozolamide
Thiotepa
Trabectedin

Low (10%-30%) Aflibercept Afatinib
Belinostsat Axitinib
Cabazitaxel Capecitabine
Cetuximab Dabrafenib
Docetaxel Everolimus
Eribulin Etoposide
Etoposide Lapatinib
5-flurouracil Olaparib
Gemcitabine Pazopanib

Regorafenib




Mitoxantrone

Sunitinib

Mitomycin Tegafur uracil
Nab-paclitaxel Vandetanib
Paclitaxel
Panitumumab
Pegylated liposomal doxorubicin
Pemetrexed
Pertuzumab
Temsirolimus
Topotecan
Trastuzumab-emtansine
Vinflunine

Minimal (<10%) Bevacizumab Erlotinib
Bleomycin Gefitinib
Fulvestrant Hydroxyurea
Goserelin Melphalan
Trastuzumab Methotrexate
Vincristine L-phenylalanine mustard
Vinblastine Sorafenib
Vinorelbine Vemurafenib

Vismodegib

*Emetic potential of oral agents is classified upon a full course of therapy rather than a single dose

Adapted from (32).




Table 7

Antiemetic agents according to pharmacologic class

Pharmacologic class

Agents

5-HT3 RA e Granisetron
e Ondansetron
e Palonosetron

NKi RA e Aprepitant

Fosaprepitant

Rolapitant

NK; RA/5-HT3 RA combination

Netupitant/palonosetron hydrochloride

Corticosteroid

Dexamethasone

Atypical antipsychotic

Olanzapine

Dopamine antagonists

Metoclopramide

Prochlorperazine

Benzodiazepines e Alprazolam
e |lorazepam

Cannabinoids e Dronabinol
e Nabilone

5-HTs RA, 5-hydroxytryptamine3 receptor antagonist; NKi1 RA, neurokinin-1 receptor antagonist

Adapted from (37)




Table 8

Generalized antiemetic guidelines

Chemotherapy emetic risk

Recommended antiemetics

Acute CINV

High Emetogenic Capacity

e NK; RA +5-HT3 RA + DEX
e NK; RA/5-HT3 RA combination + DEX
e Olanzapine + palonosetron + DEX

e NK; RA + 5-HT; RA + DEX + olanzapine

Moderate Emetogenic Capacity

e 5-HT; RA + DEX
o NK; RA +5-HT3 RA + DEX
e NK; RA/5-HT3 RA combination + DEX

e Olanzapine + palonosetron + DEX

Low Emetogenic Capacity

e DEXorDRAor5-HT3z RA

Minimal Emetogenic Capacity

e No routine prophylaxis

Delayed CINV

High Emetogenic Capacity

e NK; RA +DEX
e DEX
e Olanzapine

e NK; RA + DEX + olanzapine

Moderate Emetogenic Capacity

e DEX

e 5-HT;RA monotherapy
e NK; RA +/- DEX

e DEX

e Olanzapine

Low Emetogenic Capacity

e DEXorDRAor5-HT3 RA

Minimal Emetogenic Capacity

e No routine prophylaxis

Breakthrough/ refractory

Add one agent from a different drug class to current
regimen, such as:

e Olanzapine

e Benzodiazepine

e Cannabinoid




e DRA

e 5-HT;RA
e DEX
Anticipatory e Prevention first

e Behavioural therapy
e Acupuncture/ acupressure

e Benzodiazepine

5-HT3 RA, 5-hydroxytryptamine3 receptor antagonist, DRA, dopamine receptor antagonist;
dexamethasone; NKi RA, neurokinin-1 receptor antagonist.

a0rder of regimens/agents does not indicate preference
bSpecific dosing recommendations can be found in antiemetic guidelines (32,35,40)

Adapted from (37).

DEX,




Figure 1: Major centres and pathways involved in chemotherapy-induced nausea and vomiting (CINV).
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Figure 2: Major centres and pathways involved in chemotherapy-induced nausea and vomiting (CINV). The central pathway primarily involves the brain and
the peripheral pathway primarily involves the Gl tract.

EC, enterochromaffin cell; NK1, neurokinin 1.

Adapted from (31).



Figure 2: Hepatotoxicity secondary to SACT: Predisposing factors, clinical presentation and histopathological findings.
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Supplementary Table 1: Incidence of diarrhoea from targeted therapies

Class of drug Drug Incidence of Incidence of grade 3
diarrhoea (%) and 4 diarrhoea (%)
Anti-EGFR Afatinib 87-95 14-22
Cetuximab 13-28 4-28
Erlotinib 18-57 3-6
Gefitinib 26-52 1-5
Panitumumab 21 8-20
Anti-HER2 Lapatinib 47-75 3-14
Pertuzumab 67 5-8
Trastuzumab 2-63 2-6
Anti-BRAF Dabrafenib 1 0
Anti-MEK Cobimetinib 45-50 4
Trametinib 45-50 4
Anti-VEGF Bevacizumab 20 2-7
Multi-targeted TKI Imatinib 20-26 1
Lenvantinib 58 8
Pazopanib 52 4
Regorafenib 34-40 5-8
Sorafenib 43-55 2-8
Sunitinib 44-55 5-8
Anti-mTOR Everolimus 30 1-3
Temsirolimus 27 1
Anti-CKD/6 Palbociclib 21-26 1-4
Ribociclib 35 1.2
PARP inhibitor Olaparib 11-18 0
Rucaparib 13-20 0




CKD, cyclin-dependent kinase; EGFR, epidermal growth factor receptor; HER2, human epidermal growth factor
receptor 2; MEK, MAPK ERK kinase; mTOR, mammalian target of rapamycin; PARP, poly(adenosine diphosphate-
ribose) polymerase; TKI, tyrosine kinase inhibitor, VEGF, vascular endothelial growth factor.

Adapted from (4).



Supplementary Table 2A

CINV prophylaxis recommendations for HEC regimens

HEC regimen type

ASCO

NCCN

MASCC/ ESMO

Non-AC, cisplatin,

4-drug antiemetic regimen:

3 different drug regimens offered:

3-drug antiemetic regimen:

+ olanzapine

B) Palonosetron + dexamethasone + olanzapine

C) NK1RA + 5-HT3 RA + dexamethasone

and others NK1RA + 5-HT3 RA + dexamethasone | A) NKiRA + 5-HT3 RA + dexamethasone + olanzapine NK1RA + 5-HT3 RA + dexamethasone +/-
(Acute) + olanzapine B) Palonosetron + dexamethasone + olanzapine olanzapine*
C) NK1RA + 5-HT3 RA + dexamethasone
AC 4-drug antiemetic regimen: 3 different drug regimens offered: 3-drug antiemetic regimen:
(Acute) NK1RA + 5-HT3 RA + dexamethasone | A) NKiRA + 5-HT3 RA + dexamethasone + olanzapine NKi1RA + 5-HT3 RA + dexamethasone +/-

olanzapine*

Non-AC, cisplatin,

2-drug antiemetic regimen:

3 different drug regimens offered:

Dexamethasone, or if aprepitant used in acute;

B) Palonosetron + dexamethasone + olanzapine

C) NK1RA + 5-HT3 RA + dexamethasone

and others Dexamethasone + olanzapine A) NK1RA + 5-HT3 RA + dexamethasone + olanzapine metoclopramide + dexamethasone, or:
(Delayed) B) Palonosetron + dexamethasone + olanzapine NK1 RA (aprepitant) + dexamethasone,

C) NK1RA + 5-HT3 RA + dexamethasone all +/- olanzapine
AC Olanzapine 3 different drug regimens offered: No prophylaxis, or if aprepitant used in acute;
(Delayed) A) NK1RA + 5-HT3 RA + dexamethasone + olanzapine Dexamethasone +/- olanzapine, or;

NKi RA (aprepitant) +/- olanzapine

*QOlanzapine may be added particularly if nausea is a concern.

5-HT3 RA, 5-hydroxytryptamine3 receptor antagonist; AC, anthracycline-cyclophosphamide combination; ASCO, American Society of Clinical Oncology; CINV, chemotherapy-

induced nausea and vomiting; ESMO, European Society of Medical Oncology; HEC, highly emetogenic chemotherapy; NK1 RA, neurokinin-1 receptor antagonist; MASCC,

Multinational Association of Supportive Care in Cancer; NCCN, National Comprehensive Cancer Network.




Adapted from (33,75,76)



Table Supplementary Table 2B

CINV prophylaxis recommendations for MEC regimens

MEC regimen type

ASCO

NCCN

MASCC/ ESMO

Non-carboplatin

(Acute)

2-drug antiemetic regimen:

5-HT3 RA + dexamethasone

3 different drug regimens offered:
D) 5-HT3 RA + dexamethasone
E) Palonosetron + dexamethasone + olanzapine

F) NK1RA + 5-HT3 RA + dexamethasone

2-drug antiemetic regimen:

5-HT3 RA + dexamethasone

Carboplatin AUC 24
(mg/mL)/min
(Acute)

3-drug antiemetic regimen:

NKiRA + 5-HT3 RA + dexamethasone

3 different drug regimens offered:
D) 5-HT3 RA + dexamethasone
E) Palonosetron + dexamethasone + olanzapine

F) NK1RA + 5-HT3 RA + dexamethasone

3-drug antiemetic regimen:

NKiRA + 5-HT3 RA + dexamethasone

Non-carboplatin

(Delayed)

No prophylaxis, or:
dexamethasone for MEC agents known to

cause delayed CINV

3 different drug regimens offered:
D) 5-HT3 RA + dexamethasone
E) Palonosetron + dexamethasone + olanzapine

F) NK1RA + 5-HT3 RA + dexamethasone

No prophylaxis, or:

dexamethasone for MEC agents known

to cause delayed CINV

Carboplatin AUC 24
(mg/mL)/min
(Delayed)

No prophylaxis

3 different drug regimens offered:
D) 5-HT3 RA + dexamethasone
E) Palonosetron + dexamethasone + olanzapine

F) NK1RA + 5-HT3 RA + dexamethasone

No prophylaxis, or: NK1 RA (if used in

acute)

5-HT3 RA, 5-hydroxytryptamine3 receptor antagonist; ASCO, American Society of Clinical Oncology; AUC, area under the curve; CINV, chemotherapy-induced nausea and
vomiting; ESMO, European Society of Medical Oncology; MEC, moderately emetogenic chemotherapy; NKi RA, neurokinin-1 receptor antagonist; MASCC, Multinational
Association of Supportive Care in Cancer; NCCN, National Comprehensive Cancer Network.

Adapted from (33,75,76)



Supplementary Table 2C

CINV prophylaxis recommendations for low and minimal emetic chemotherapy regimens

Low/ minimal emetic regimen type | ASCO NCCN MASCC/ ESMO

Low emetogenic risk regimen (all) 5-HT3 RA or dexamethasone One of: dexamethasone, metoclopramide, | One of: 5-HT3 RA, dopamine receptor
(Acute) prochlorperazine or 5-HT3 RA antagonist or dexamethasone

Low emetogenic risk regimen (all) No prophylaxis No prophylaxis No prophylaxis

(Delayed)

Minimal emetogenic risk regimen (all) No prophylaxis No prophylaxis No prophylaxis

(Acute)

Minimal emetogenic risk regimen (all) No prophylaxis No prophylaxis No prophylaxis

(Delayed)

5-HT3 RA, 5-hydroxytryptamine3 receptor antagonists; ASCO, American Society of Clinical Oncology; CINV, chemotherapy-induced nausea and vomiting; ESMO, European
Society of Medical Oncology; MASCC, Multinational Association of Supportive Care in Cancer; NCCN, National Comprehensive Cancer Network.

Adapted from (33,75,76)



