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Abstract
Background Diarrhea is one of the most frequent class adverse events associatedwith targeted oral antineoplastic agents (OAAs).
Our objective was to analyze the incidence, characteristics, and severity of diarrhea in cancer patients in clinical practice.
Methods An observational, longitudinal, and prospective study of cancer outpatients treated with targeted OAAs was carried out
in a tertiary hospital. Targed OAAs analyzed were anaplastic lymphoma kinase inhibitors, BCR-ABL inhibitors, cyclin-
dependent kinase inhibitors, epidermal growth factor receptor inhibitors, mTOR inhibitors, poly (ADP-ribose) polymerase
inhibitors, and vascular endothelial growth factor receptor inhibitors. Patients were given a data collection form to record daily
the number, severity (CTCAE version 5.0), and characteristics of stools during the first 30 days of treatment with OAAs.
Multivariate analysis was performed to identify risk factors associated with the incidence of diarrhea.
Results We analyzed 240 patients, of whom 28.7% experienced diarrhea (25.4% grades 1–2 and 3.3% grades 3–4). Patients
treated with EGFR and VEGFR inhibitors had a higher incidence of diarrhea. The multivariate analysis revealed that taking the
OAA with food was associated with a lower risk of diarrhea (OR = 0.404 [0.205–0.956], p = 0.038).
Conclusions More than a third of patients in treatment with OAAs presented diarrhea (any grade), and 22.1% of stools were semi-
liquid/liquid. In multivariate analysis, taking the OAA on an empty stomach was associated with a statistically significant
increase in the incidence of diarrhea.
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Introduction

The development of targeted oral agents to treat cancer has
intensified in recent years, and these medications now account
for 40% of all antineoplastic drugs [1]. Targeted oral antineo-
plastic agents (OAAs) have become an essential part of the

treatment armamentarium in several types of tumors [1].
Overall, their action mechanisms consist of blocking specific
aspects of cell or tumor biology, such as the inhibition of
protein kinases as a therapeutic target. These drugs lead to
significant improvement in survival rates. To achieve this ef-
ficacy, it is very important to manage toxicity appropriately.
Although targeted OAAs are generally better tolerated than
traditional chemotherapy, their toxicity must be closely mon-
itored, since it could be a cause of treatment withdrawal.
OAAs can present different adverse events, especially skin
and gastrointestinal toxicities [2]. Diarrhea is one of the most
limiting adverse events of these drugs.

The mechanisms responsible for diarrhea associated with
OAAs are not fully understood, although they are likely mul-
tifactorial, involving dysregulated ion transport, inflamma-
tion, and mucosal injury [3]. OAAs can directly damage the
gastrointestinal mucosa, in turn causing inflammation, edema,
ulceration, and atrophy and producing excessive secretion of
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fluids in the intestinal lumen [4, 5]. Excess chloride secretion
during treatment with epidermal growth factor receptor
(EGFR) tyrosine kinase inhibitors (TKIs) is thought to cause
secretory diarrhea. The severity of diarrhea is dose-dependent
and can be modulated by decreasing the total dose [6]. Thus,
onset is often followed by dose reduction or even discontinu-
ation of treatment. Diarrhea affects quality of life and is asso-
ciated with decreased adherence, which eventually worsens
clinical outcomes [2, 7].

Accurate grading of the severity of diarrhea is very impor-
tant for initial management and for subsequent changes in
patients’ anticancer treatment [8]. Severity of diarrhea is
assessed in clinical trials using the Common Toxicity
Criteria for Adverse Events (CTCAE) classification [9].
However, this does not consider factors such as the onset
and duration of diarrhea or other associated signs. Several
authors recommend evaluating the severity of diarrhea accord-
ing to stool frequency and consistency, the presence of noc-
turnal diarrhea, and the presence of steatorrhea and/or blood in
stool [6, 8, 10, 11]. For instance, guidance from the UK on the
management of gastrointestinal side effects of cancer therapies
emphasizes three crucial factors as follows: whether there is
steatorrhea; whether there is fecal urgency or incontinence;
and whether the patient wakes from sleep to defecate [6].
However, very few studies analyze the characteristics of these
stools in clinical practice. Such an analysis would improve
management and reduce complications. Since most studies
focus on the use of fluoropyrimidines [3, 12, 13], evidence
on diarrhea associated with targeted OAAs is very limited,
with the exception of neratinib, a drug able to induce diarrhea
inmore than 90% of patients, what has promted the conduct of
some trials with antidiarrheic drugs [14].

Our study aimed to analyze the incidence, characteristics,
and severity of diarrhea in cancer patients in a real-world
setting during the first 30 days after starting treatment with
targeted OAAs. Our secondary objective was to identify risk
factors related to the occurrence of diarrhea in these patients.

Methods

Study design and setting

We performed an observational, longitudinal, and pro-
spective study of cancer outpatients treated with targeted
OAAs in a tertiary hospital. Patients included were
followed up prospectively for the first 30 days after the
start of treatment with the targeted OAA. The study was
approved by the local ethics committee and conducted in
accordance with the ethical principles of the Declaration
of Helsinki. Patients signed an informed consent before
entering the study.

Patients

The study population comprised consecutive adult outpatients
diagnosed with solid tumors who started treatment with a
targeted OAA between 2015 and 2019. We excluded various
types of patients, as follows: patients who had received a
targeted OAA as part of a clinical trial; patients who started
treatment with a targeted OAA while hospitalized; patients
with colostomy, gastrectomy, diverticulitis, inflammatory
bowel disease, chronic diarrheal syndromes, or short bowel
syndrome; and patients with difficulty understanding and/or
filling out the data collection form (DCF).

The sample size was calculated taken into account the in-
cidence of diarrhea reported in the OAA summary of product
characteristics. We considered that a sample size of 300 suf-
ficed to estimate with a 90% confidence and a precision ± 5%,
a population percentage considered to be around 40% of diar-
rhea incidence. It was anticipated a replacement rate of 15%.
We considered all the cancer outpatient who met the inclusion
criteria.

Data recorded and variables

Baseline data were collected from both the electronic health
record and the clinical interviewwith the oncology pharmacist
before starting treatment with an OAA dispensed at the
Hospital Outpatient Pharmacy. The variables recorded at the
onset of treatment were as follows:

& Demographic data: date of birth and gender.
& Clinical data: type of tumor, Eastern Cooperative

Oncology Group (ECOG) performance status [ECOG 0:
fully active, able to carry on all pre-disease performance
without restriction;ECOG 1: restricted in physically stren-
uous activity but ambulatory and able to carry out work of
a light or sedentary nature, e.g., light housework, office
work; ECOG 2: ambulatory and capable of all self-care
but unable to carry out any work activities; up and about
more than 50% ofwaking hours;ECOG3: capable of only
limited self-care; confined to bed or chair more than 50%
of waking hours; ECOG 4: completely disabled; cannot
carry on any self-care; totally confined to bed or chair],
celiac disease, lactose intolerance, and abdominal surger-
ies or radiation therapy to the abdomen or pelvis in the
previous year. We also recorded the basal mean number of
stools per day, their consistency (solid or semi-liquid/liq-
uid), and the presence of blood before starting treatment
with the OAA.

& Pharmacotherapeutic data: type of targeted OAAs and
dose. OAAs were classified as follows: anaplastic lym-
phoma kinase (ALK) inhibitors, BCR-ABL inhibitors,
cyclin-dependent kinase (CDK) inhibitors, EGFR inhibi-
tors, mTOR inhibitors, poly (ADP-ribose) polymerase
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inhibitors (iPARP), vascular endothelial growth factor re-
ceptor (VEGFR) inhibitors, and others.

At the time of dispensing the OAA, a DCFwas given to the
patient for daily recording of the number and characteristics of
stools and the consumption of antidiarrheal drugs in case of
diarrhea during the first 30 days of treatment. This DCF had a
different sheet for each day. The patient recorded the follow-
ing variables:

& Clinical variables: fever, vomiting, visits to the emergency
room, and significant changes in eating habits during the
follow-up period.

& Stool-related variables: time of the stool and its character-
istics (consistency [solid or semi-liquid/liquid], presence
of steatorrhea and/or blood in the stool, pain associated
with the stool, and fecal incontinence). Severity was clas-
sified according to the National Cancer Institute CTCAE,
version 5.0 [9] based on the increase in the number of
stools per day compared with baseline.

& Pharmacotherapeutic variables: day time administration of
the targeted OAA and the time between the administration
and intake of meals. Need for antidiarrheal drugs (type,
dose, and day time administration) and the number of
concomitant medicines (including over-the-counter drugs
and herbal products) taken during this period.

Statistical analysis

Data were only analyzed for patients who adequately complet-
ed the DCF; otherwise, patients were considered lost to fol-
low-up, since they were invaluable for the study purpose.

The characteristics of patients and diarrhea were described
using the mean value (SD) for continuous data and frequen-
cies for categorical variables. The Kolmogorov-Smirnov test
was used to study the normality of the numerical variables,
and thus, it was possible to use the most appropriate statistical
test for each variable. Continuous variables were compared
using the t test when the distribution was normal or the
Mann-Whitney test when it was not. Categorical variables
were compared using an uncorrected chi-square test or
Fisher exact test.

The relationship between numerical variables was exam-
ined using the Pearson correlation coefficient. In case the var-
iables were ordinal, we used the Spearman rho test.
Multivariate binary logistic regression analysis was performed
to identify risk factors associated with the occurrence of diar-
rhea. The dependent variable was the presence of diarrhea.
Exploratory variables were sex, age, ECOG, type of tumor,
type of OAA, and taking the OAA with food or on an empty
stomach. For this model, we used baseline data. Data were

analyzed using IBM SPSS Statistics for Windows, Version
21.0. Statistical significance was set at P < 0.05.

Results

Patient characteristics

A total of 304 patients signed the informed consent to partic-
ipate in the study. Sixty-four patients were lost to follow-up
and considered invaluable (Fig. 1).

The final study population comprised 240 patients (65.0%
male) with a mean (SD) age of 61.8 years (13.2). Performance
status was as follows: ECOG = 0, 67.5%; ECOG = 1, 31.2%;
and ECOG = 2, 1.3%. Themost frequent types of tumors were
breast cancer (n = 68; 28.3%), renal carcinoma (n = 58;
24.2%), non-small cell lung cancer (n = 44; 18.3%), gastroin-
testinal stromal tumor (n = 22; 9.2%), and sarcoma (n = 18;
7.5%). During the last year, 5.4% of patients had undergone
abdominal surgery and 3.3% had received abdominal and/or
pelvic radiotherapy. In addition, 3.3% were intolerant to lac-
tose and 1.3% had celiac disease. Sixteen patients (6.7%) re-
ported that they modified their diet at the beginning of treat-
ment with OAAs.

We assessed 27 different targeted OAAs. The number of
concomitant medicines per patient was 3.7 (3.0). A total of
208 patients (86.7%) started treatment with a full dose of
OAA according to the summary of product characteristics
(SPC). OAAs were administered on an empty stomach in
32.1% of cases. Most of the patients (98.8%) complied with
the recommendations for administration on an empty stomach
as defined in the SPC.

Characteristics of diarrhea

Stool characteristics

The baseline mean (SD) number of stools per patient before
starting the treatment with the targeted OAA was 1.2 (0.7). In
10.8% of patients, the baseline stools were semi-liquid/liquid,
and blood was present in 1.7%. The number of stools was
significantly altered in 37.9% of patients (28.7% had diarrhea
and 9.2% had constipation). The mean (SD) number of stools
during the first 30 days of treatment was 1.5 (0.7). Of note,
22.1% were semi-liquid/liquid, and 3.3% were associated
with pain. Blood was observed in 1.2% and steatorrhea in
1.5%. In addition, 2.8% were associated with fecal
incontinence.

Diarrhea incidence

A total of 69 (28.7%) patients had diarrhea during the first
30 days of treatment with OAA. The incidence of diarrhea
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by OAA was as follows: EGFR inhibitors, 44.8%; VEGFR
inhibitors, 35.9%; BCR-ALB inhibitors, 33.3%; ALK inhibi-
tors, 20%; CKD inhibitors, 14.6%; mTOR inhibitors, 14.6%;
and iPARPs, 10%. Table 1 describes the incidence of diarrhea
for each of the OAAs.

Diarrhea severity

The maximum severity of diarrhea was grade 1 in 13.7% of
patients, grade 2 in 11.7%, grade 3 in 2.9%, and grade 4 in
0.4%. Table 2 compares the main characteristics of patients
according to severity of diarrhea. At least 1 episode of noctur-
nal diarrhea was recorded in 33.3% of patients during the
follow-up period. Thirty-nine patients (16.3%) took antidiar-
rheal drugs (loperamide in all cases), with a mean treatment
duration of 6.9 days (SD 7.4) per patient. Almost half of the
antidiarrheal drugs (48.7%) were administered 1–3 days after
initiation of the OAA.

Correlation between diarrhea and other variables

Statistically significant differences were found in the number
of stools at different times during the day (r = 0.114,
p < 0.001), with a higher number of stools from 08.00 am to
11:59 am (Fig. 2). No statistically significant differences were
found in the number of stools over the 30-day follow-up (r =
0.021, p = 0.080). Men had more stools per day than women
(1.6 [SD 0.7] vs. 1.4 [SD 0.6], p = 0.027, respectively). The
mean number of stools per day was lower when the OAA was
taken with food (1.3 [SD 0.9] stools per day) than when taken
on an empty stomach (1.6 [SD 1.1], p = 0.002). The correla-
tion between the number of stools per day and the other var-
iables are shown in Table 3.

All patients were included in a binary logistic regression
analysis (Table 4). After adjustment for confounders, taking
the OAA with food was associated with a lower risk of
diarrhea.

Discussion

Our study analyze the incidence, progress, and characteristics
of diarrhea, as well as the risk factors for diarrhea, in a large
number of patients taking targeted OAAs. Most published
studies in clinical practice focus only on the incidence and
maximum severity of diarrhea [2, 4, 6, 15]. Besides, there is
very little evidence on new targeted OAAs administered under
conditions of clinical practice with respect to diarrhea charac-
teristics. In our study, a total of 240 patients treated with
targeted OAAs were followed up for 1 month. Among our
results, we highlight that taking the OAA on an empty stom-
ach was associated with an increased risk of developing diar-
rhea. We also observed a change in the incidence of stool
episodes after initiation of the OAA in 37.9% of our patients;
this took the form of an increase in 28.7%. Not only did their
incidence increase, but their consistency also varied. Before
starting treatment, only 10.8% of stools were semi-liquid/liq-
uid, whereas during treatment, this value rose to 22.1%.
However, steatorrhea, blood in stool, and fecal incontinence
were uncommon in the present study, and these findings were
not associated with other patient or drug-related
characteristics.

Concerning the progress over time, we found no statistical-
ly significant differences in the number of stools over the first
30 days, although we did observe that diarrhea was more
frequent during the morning. Typically, diarrhea induced by
oral anticancer drugs is more frequent and intenses within the

Fig. 1 Description of the
recruitment of the study patients
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first 2–3 weeks after initiation of treatment [3, 11, 16–18]. In
studies where patients did not take antidiarrheal prophylaxis,
diarrhea associated with afatinib affected 50–62% of patients
within the first 7 days of starting therapy and 71% within the
first 2 weeks [3]. Aw et al. observed that the median time to
onset of diarrhea was 12 days for erlotinib and 3 days for
afatinib [11].

The mean incidence of targeted OAA-induced diarrhea de-
scribed in the SPC and in other studies, around 30–80% [2, 4,
6, 7, 16, 19, 20], is higher than we observed in our study.
However, the method that we applied to collect the data is
similar to that used in clinical trials. Therefore, regardless of
the approach used, we think this difference in incidence could
have two explanations. First, most studies do not include
mTOR inhibitors or new families of TKIs, such as iPARPs,
which have a lower incidence of diarrhea than other families,
such as EGFR inhibitors or VEGFR inhibitors, i.e., the drugs
included in most studies. We observed that 44.8% of patients
treated with EGFR inhibitors had diarrhea. Pasaro et al.

prospectively evaluated the incidence of diarrhea associated
with EGFR inhibitors during the first 30 days of treatment
using a methodology similar to ours. The authors used a ques-
tionnaire developed to enable patients to record data daily and
observed an incidence of diarrhea of 57% (2% grades 3–4) for
erlotinib, 12% (0% grades 3–4) for gefitinib, and 76% (12%)
for afatinib [21]. Second, our knowledge and management of
OAAs has improved over time compared with data from clin-
ical trials. Early use of antidiarrheal drugs or, if necessary,
reducing the dose of an OAA is essential for correct manage-
ment of diarrhea. In our study, we observed that treatment
with antidiarrheal drugs was started early, since 48.7% of
loperamide was administered during the first 3 days after ini-
tiating the OAA.

Consistent with data reported elsewhere [21], we observed
that only 3.3% of patients experienced severe diarrhea (grades
3–4). However, with some drugs, such as afatinib, this fre-
quency reaches 10–15% for grade 3–4 diarrhea [4, 19].
Grade 3–4 diarrhea was ranked the second worst side effect

Table 1 Incidence of diarrhea of targeted oral antineoplastic agents assessed in the study

Type of targeted oral antineoplastic agent (total no. of patients; %) Drug (total no. of patients; %) Diarrhea incidence (no. of patients; %)

ALK inhibitors (n=10; 4.2%) Crizotinib (n=6; 2.5%) 2; 33.3%

Alectinib (n=4; 1.7%) 0; 0%

BCR-ALB inhibitors (n=15; 6.3%) Imatinib (n=15; 6.3%) 5; 33.3%

CDK inhibitors (n=30; 12.5%) Palbociclib (n=21; 8.7%) 4; 19.0%

Ribociclib (n=5; 2.1%) 0; 0%

Abemaciclib (n=4; 1.7%) 2; 50.0%

EGFR inhibitors (n=29; 12.0%) Gefitinib (n=15; 6.2%) 5; 33.3%

Afatinib (n=8; 3.3%) 6; 75.0%

Erlotinib (n=4; 1.7%) 1; 25.0%

Osimertinib (n=2; 0.8%) 0; 0%

mTOR inhibitors (n=41; 17.1%) Everolimus (n=41; 17.1%) 6; 14.6%

iPARPs (n=10; 4.2%) Niraparib (n=5; 2.1%) 0; 0%

Olaparib (n=5; 2.1%) 1; 20%

VEGFR inhibitors (n=92; 38.3%) Pazopanib (n=42; 17.5%) 20; 47.6%

Sunitinib (n=14; 5.8%) 2; 14.3%

Axitinib (n=8; 3.3%) 3; 37.5%

Cabozantinib (n=8; 3.3%) 0; 0%

Nintedanib (n=8; 3.3%) 5; 62.5%

Regorafenib (n=5; 2.1%) 2; 40%

Sorafenib (n=4; 1.7%) 4; 50%

Tivozanib (n=2; 0.8%) 0; 0%

Lenvatinib (n=1; 0.4%) 5; 33.3%

Other (n=13; 5.4%) Dabrafenib (n=7; 2.9%) 1; 14.3%

Lapatinib (n=3; 1.3%) 2; 66.7%

Erdafitinib (n=1; 0.4%) 0; 0%

Vemurafenib (n=1; 0.4%) 0; 0%

Trametinib (n=1; 0.4%) 1; 100%

ALK anaplastic lymphoma kinase, CDK cyclin-dependent kinase, EGFR epidermal growth factor receptor, iPARP poly (ADP-ribose) polymerase
inhibitors, mTOR mammalian target of rapamycin, VEGFR vascular endothelial growth factor receptor
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after grade 3–4 nausea or vomiting related to anticancer drugs,
having to consult a physician, or seeking treatment in an emer-
gency room [7]. In serious cases, diarrhea can lead to dehy-
dration, kidney failure, electrolyte imbalance, malnutrition,
cardiovascular complications, sleep disturbance, and reduced
quality of life. It may even be life-threatening [4]. For this
reason, it is essential to identify and manage cases properly.
It is more important in the case of OAAs, since these are long-
term treatments that differ from classic chemotherapy, which
is associated with adverse events that may continue to occur
over time. Diarrhea should be specially monitored in older
people; in addition to their greater vulnerability, we have ob-
served a higher severity in diarrhea.

Our multivariate analysis revealed an association between
a lower risk of diarrhea and taking the targeted OAA with

food. Male sex and treatment with EGFR and VEGFR inhib-
itors were associated with a higher incidence of diarrhea, al-
though the difference was not statistically significant.
Published data on risk factors for diarrhea induced by antican-
cer drugs are inconsistent. Besides, most studies deal with
classic chemotherapy and not with new targeted OAAs.
Forde et al. found that the risk factors for diarrhea included
frequency of dosing, concomitant abdominal and/or pelvic
radiotherapy, concomitant use of more than one antineoplastic
drug, older age, female gender, poorer performance status,
bowel disease, and the presence of other comorbidities [8].
Ota et al. did not observe a correlation between the incidence
of diarrhea and age and sex, although they did find that the
severity of diarrhea in patients treated with fluoropyrimidines
was significantly associated with the percentage of patients

Table 2 Comparison of the main characteristics of patients according to the severity of diarrhea

Grade 0—171 (71.2%) Grades 1–2—61 (25.4%) Grades 3–4—8 (3.3%) Total—240 (100%)

Age, mean (SD), years 61.6 (13.1) 63.8 (13.0) 50.0 (11.6)*# 61.8 (13.2)

Sex, no. (%) Male 53 (31.0%) 30 (49.2%)# 1 (12.5%) 84 (35.0%)

Female 118 (69.0%) 31 (50.8%) 7 (87.5%) 156 (65.0%)

ECOG, no. (%) 0 116 (67.8%) 40 (65.6%) 6 (75.0%) 162 (67.5%)

1 53 (31.0%) 20 (32.8%) 2 (25.0%) 75 (31.2%)

2 2 (1.2%) 1 (1.6%) 0 (0.0%) 3 (1.3%)

Type of tumor, no. (%) Breast cancer 55 (32.2%) 12 (19.7%) 1 (12.5%) 68 (28.3%)

Renal carcinoma 40 (23.4%) 18 (29.5%) 0 (0.0%) 58 (24.2%)

Non-small cell lung cancer 27 (15.8%) 13 (21.3%) 4 (50.0%)# 44 (18.3%)

GIST 14 (8.2%) 7 (11.5%) 1 (12.5%) 22 (9.2%)

Sarcoma 11 (6.4%) 5 (8.2%) 2 (25.0%) 18 (7.5%)

Ovarian carcinoma 9 (5.3%) 1 (1.6%) 0 (0.0%) 10 (4.2%)

Other 15 (8.8%) 5 (8.2%) 0 (0.0%) 20 (8.3%)

Abdominal and/or pelvic radiotherapy, no. (%) 6 (3.5%) 2 (3.3%) 0 (0.0%) 8 (3.3%)

Abdominal surgery, no. (%) 9 (5.3%) 3 (4.9%) 1 (12.5%) 13 (5.4%)

Celiac disease, no. (%) 3 (1.8%) 0 (0.0%) 0 (0.0%) 3 (1.3%)

Lactose intolerance, no. (%) 7 (4.1%) 1 (1.6%) 0 (0.0%) 8 (3.3%)

Type of OAA, no. (%) VEGFR inhibitors 59 (34.5%) 30 (49.2%) 3 (37.5%) 92 (38.3%)

mTOR inhibitors 35 (20.5%) 6 (9.8%) 0 (0.0%) 41 (17.1%)

CDK inhibitors 25 (14.6%) 4 (6.6%) 1 (12.5%) 30 (12.5%)

EGFR inhibitors 16 (9.4%) 10 (16.4%) 3 (37.5%)# 29 (12.1%)

BCR-ALB inhibitors 10 (5.8%) 5 (8.2%) 0 (0.0%) 15 (6.3%)

iPARP inhibitors 9 (5.3%) 1 (1.6%) 0 (0.0%) 10 (4.2%)

ALK inhibitors 8 (4.7%) 1 (1.6%) 1 (12.5%) 10 (4.2%)

Other 9 (5.3%) 4 (6.6%) 0 (0.0%)

No. of concomitant medicines, mean (SD) 3.7 (3.0) 3.6 (3.0) 3.3 (3.7) 3.7 (3.0)

Full dose of OAA according to SPC, no. (%) 146 (85.4%) 55 (90.2%) 7 (87.5%) 208 (86.7%)

OAA taken with food, no. (%) 127 (74.3%) 34 (55.7%)# 2 (25.0%)# 163 (67.9%)

ALK anaplastic lymphoma kinase, CDK cyclin-dependent kinase, ECOG Eastern Cooperative Oncology Group, EGFR epidermal growth factor
receptor, GIST gastrointestinal stromal tumor, iPARP poly (ADP-ribose) polymerase inhibitors, mTOR mammalian target of rapamycin, OAA oral
antineoplastic agent, SPC summary of product characteristics, VEGFR vascular endothelial growth factor receptor

*Statistically significant differences with grades 1–2 (P < 0.05)
# Statistically significant differences with grade 0 (P < 0.05)
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with a small intestinal mucosal break [13]. However, in our
study, we did not find any association between the incidence
of diarrhea and themalabsorptive/intestinal inflammatory syn-
dromes analyzed (celiac disease, lactose intolerance, or previ-
ous surgery or radiotherapy). Another study found that patient
age, presence of skin metastases at baseline, initiation of treat-
ment in spring, earlier cycles, and grade 1 diarrhea in the
previous cycle were significant predictors for ≥ grade 2 diar-
rhea [22]. Aw et al. observed that low body weight (< 50 kg),
female gender, and baseline renal impairment (creatinine
clearance ≤ 80 mL/min) were associated with a higher inci-
dence of diarrhea [11].

With OAAs, patients are ultimately responsible for tak-
ing the medication. Some patients, in the hope of increas-
ing treatment effectiveness, will continue to take their
tablets despite the onset of severe diarrhea. It is crucial
that healthcare professionals inform patients appropriately
about the risks involved and about importance of self-
management of diarrhea as they commence a new course
of targeted OAAs. Of particular interest are situations

associated with higher incidence, such as taking the
OAA on an empty stomach or treatment with EGFR or
VEGFR inhibitors. All patients should be given a
regimen-based information sheet outlining potential side
effects written in simple language [6]. Adequate manage-
ment of diarrhea minimizes its impact and reduces differ-
ences in incidence between targeted OAAs [21].

Our study is limited by the fact that we did not assess the
impact of diarrhea on patients’ quality of life. The patient’s
perception of the burden of their toxicity might differ from the
classic medical description of its severity [23, 24]. We think
future studies should also collect this kind of adverse events
through patient-reported outcomes measures, such as PRO-
CTCAE questionnaire [24], because there is often no correla-
tion between the toxicity reported by patients and that
assessed by health professionals [25]. Selection bias could
be another limitation, since 21.1% of patients were lost to
follow-up, thus highlighting the difficulty of conducting stud-
ies with large amounts of data collected prospectively from
patients. Thus, our results reflect standard clinical practice.
We used a 30-day follow-up to facilitate data collection, since
diarrhea appears frequently within the first 2–3 weeks after
initiation of treatment [3, 11, 16–18].

In conclusion, more than a third of patients in treatment
with OAAs presented diarrhea (any grade), and 22.1% of
stools were semi-liquid/liquid. A higher incidence of di-
arrhea was recorded in patients treated with EGFR and
VEGFR inhibitors. Remarkably, taking the OAA on an
empty stomach was statistically significantly associated
with an increased risk of developing diarrhea in a multi-
variate analysis. Education on proper identification and
management of diarrhea should be provided to patients
at initiation of OAA.

Table 3 Correlation between the number of stools per day and some
collected variables

Variables P

Age 0.357

ECOG 0.394

Type of tumor 0.283

Abdominal surgery in the previous year 0.255

Abdominal and/or pelvic radiotherapy in the previous year 0.132

Celiac disease 0.575

Lactose intolerance 0.994

Number of concomitant medicines 0.343

Fig. 2 The total number of stools
(all patients) at different times of
the day during the follow-up
period
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Table 4 Multivariate analysis of factors associated with the occurrence of diarrhea

Variable OR CI (95%) P value

Age 0.99 0.97–1.03 0.939

Sex Female 0.87 0.42–1.79 0.701

ECOG* 1 0.93 0.44–1.94 0.844

2 3.33 0.24–45.45 0.368

Type of tumor** Breast cancer 2.84 0.28–29.10 0.380

Non-small cell lung cancer 2.59 0.31–21.40 0.378

GIST 2.91 0.57–14.73 0.197

Sarcoma 0.61 0.40–5.18 0.429

Ovarian carcinoma 0.00 0.00–NA 0.999

Other 2.08 0.35–12.27 0.420

Type of OAA*** mTOR inhibitors 0.13 0.01–1.22 0.074

CDK inhibitors 0.15 0.01–1.74 0.131

EGFR inhibitors 1.40 0.58–3.39 0.453

BCR-ALB inhibitors 0.57 0.10–3.27 0.527

iPARP 0.00 0.00–NA 0.999

ALK inhibitors 0.28 0.02–3.64 0.329

Other 0.24 0.03–2.10 0.199

OAA taken with food 0.41 0.21–0.96 0.038

ALK anaplastic lymphoma kinase, CDK cyclin-dependent kinase, ECOG Eastern Cooperative Oncology Group, EGFR epidermal growth factor
receptor, GIST gastrointestinal stromal tumor, iPARP poly (ADP-ribose) polymerase inhibitors, OAA oral antineoplastic agent, VEGFR vascular
endothelial growth factor receptor

*ECOG (0 ref)

**Type of tumor (renal carcinoma ref)

***Type of OAA (VEGFR inhibitors ref)
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