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Development of a risk prediction nomogram
model of pyrotinib-induced severe diarrhea

Qingqing Chen', Guoding Huang?, Yaowen Xia®, Hongmei Zhao*, Yu zheng' and Yiyi Liao*’

Abstract

Background To identify the factors influencing pyrotinib-induced severe diarrhea and to establish a risk prediction
nomogram model.

Methods The clinical data of 226 patients received pyrotinib from two medical institutions from January 2019 to
December 2023 were analysed retrospectively. A training set was made up of 167 patients from Hainan Cancer
Hospital, and the external validation set was made up of 59 patients from Hainan West Central Hospital. Univariate
and multivariate logistic regression analysis were used to identify independent factors influencing pyrotinib-induced
severe diarrhea, and a risk prediction nomogram model was constructed, which was verified on patients in the
external validation set.

Results History of adverse reactions (ADRs), initial dose of pyrotinib, combination with capecitabine,
thrombocytopenia, aspartate transaminase (AST), and use of probiotics or other drugs that regulate the gut
microbiota were identified as independent influencing factors for pyrotinib-induced severe diarrhea (all P<0.05).
Based on these, a risk prediction nomogram model of pyrotinib-induced severe diarrhea was established. The area
under the receiver operating characteristic curve was 0.794 and 0.863 in the training set and the external validation
set, respectively. The calibration curve of the prediction model displayed good consistency both the two sets, which
indicated that the model could have favourable predictive ability.

Conclusion The risk prediction nomogram model of pyrotinib-induced severe diarrhea constructed in this study may
identify high risk populations earlier so that clinicians can make appropriate decisions in time.
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Introduction

Pyrotinib was approved for marketing in August 2018 as
an irreversible small-molecule receptor tyrosine kinase
inhibitor (TKI) of human epidermal growth factor recep-
tor-2 (HER-2). It was independently developed in China.

;Cy?ﬁzpondence Pyrotinib has demonstrated excellent therapeutic effects
liaoyylyy@163.com in the treatment of HER-2-positive breast cancer [1].
WD,epartm:m of Pharmacy, Hainan West Central Hospital, Danzhou, Diarrhea is the most common adverse effect of pyrotinib,
2HDa‘er;)aar:’tr(Tiel:taofOncology, Hainan West Central Hospital, Danzhou, having an incidence rate of 85.7-98.4% and the incidence
Hainan, China rate of grade 3 diarrhea is 10.7-31% [2—6]. Diarrhea not
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also leads to dehydration, electrolyte imbalance, and even
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a potential threat to life in severe cases. Diarrhea has
become an obstacle to the clinical application of pyro-
tinib. Therefore, early intervention against diarrhea is
crucial for improving patient compliance with pyrotinib,
quality of life and treatment outcomes [6]. This study
aims to identify the factors influencing pyrotinib-induced
severe diarrhea and establish a risk prediction nomogram
model that will serve as a reference for identifying high
risk populations and clinicians can take corresponding
measures early.

Materials and methods

General data

Patients treated with pyrotinib at Hainan West Central
Hospital and Hainan Cancer Hospital from January 2019
to December 2023 were enrolled in this study.

Inclusion criteria: (1) patients were treated with pyro-
tinib for the first time, and (2) patients’ age must be
between 18 and 80 years. Exclusion criteria: (1) pyrotinib
was used prior; (2) pyrotinib was used for diseases other
than breast cancer; (3) diarrhea was caused by anything
else; and (4) incomplete medical records affecting the
data relevant to this study or the missing rate>10% [7].

According to the National Cancer Institute-Common
Terminology Criteria for Adverse Events (NCI-CTCAE)
version 5.0 [8], diarrhea was ranked as grade 0—4. grade
0-2 was as non-severe diarrhea subgroup and grade 3—4
was as severe diarrhea subgroup.

Data collection

This study used electronic medical records to collect
medical records retrospectively. The data were put into
Excel tables and verified by another person.

Medical records before pyrotinib included: (1) general
information, including sex, age, body mass index (BMI),
body surface area (BSA), family history of breast can-
cer, underlying disease such as hypertension or diabe-
tes, chronic intestinal disease, oral or intravenous use of
antibiotics within three months, and history of (ADRs);
(2) disease status: hormone receptor status, pathological
type, disease stage, and Ki-67 index; (3) laboratory exam-
ination: white blood cells, platelets, hemoglobin (Hb),
blood natrium, blood chloride, blood potassium, albu-
min, lactate dehydrogenase, alkaline phosphatase (ALP),
AST, alanine transaminase (ALT), total bilirubin, cre-
atinine, and CA-153. Medical records received pyrotinib
included: (1) treatment plans: treatment objectives, initial
dose of pyrotinib, and combination with capecitabine; (2)
combined drugs, including potassium/ sodium ion chan-
nel inhibitors, strong inhibitors of Share Cytochrome
P3A4 Enzymes (CYP3A4), antibiotics, probiotics or other
drugs that regulate the gut microbiota.
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Statistical methods

SPSS 22.0 software was used for univariate and multivari-
ate logistic regression analysis to screen influencing fac-
tors and it was also used to compare the consistency of
variables between the training set and the external vali-
dation set. Normally distributed continuous variables are
given as mean +standard deviation, and Student’s t test
was used to analyse their intergroup differences. Categor-
ical variables are described as n (%), and the chi-squared
test or Fisher’s exact probability test was used to find
intergroup differences. The R (version 4.2) software pack-
ages car, rms, pROC, and rmda were used to construct a
nomogram prediction model. The bootstrap method was
used to resample the model 1000 times for internal vali-
dation, and external validation was conducted using data
from the external validation set. The discrimination and
consistency of the model were tested using receiver oper-
ating characteristic (ROC) curves and calibration curves.
The level of significance was a=0.05.

Results

Basic characteristics of patients

A total of 226 patients received pyrotinib from two medi-
cal centres were included in this study. Medical data of
167 patients from Hainan Cancer Hospital were used for
the training set and 59 patients from Hainan West Cen-
tral Hospital were used for the external validation set. The
flow chart of analysis in this study was shown in Fig. 1.
In the training set, the cases of grade 0—4 diarrhea were
13, 58, 44, 46 and 6, respectively. 52 patients (31.14%)
suffered severe diarrhea, and 165 patients (98.81%) were
female. In the external validation set, the cases of grade
0-4 diarrhea were 6, 17, 20, 13 and 3, respectively. 16
patients (27.11%) suffered severe diarrhea, and all 59
patients (100%) were female. The basic characteristics of
the two sets are summarized in Table 1.

Construction and validation of the risk prediction
nomogram model for patients with pyrotinib-induced
severe diarrhea

Univariate logistic regression analysis was used to
screened out potentially meaningful variables prelimi-
narily. Through univariate logistic regression analysis,
we identified eight predictors from 35 variables, includ-
ing BMI>24, History of ADR, initial dose of pyrotinib,
combination with capecitabine, thrombocytopenia, AST,
ALT and combination with probiotics or other drugs
that regulate the intestinal flora (all P<0.05). They were
presented in Supplementary Material 1. Then, multivari-
ate logistic regression analysis was used to further deter-
mine the meaningful variables. Finally, we confirmed six
meaningful variables related to pyrotinib-induced severe
diarrhea, including history of ADR, initial dose of pyro-
tinib, combination with capecitabine, thrombocytopenia,
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189 cases had received pyrotinib in
Hainan Cancer Hospital
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65 cases had received pyrotinib in
Hainan West Central Hospital

Inclusion criteria: (1) first-time use of pyrotinib, (2) complete medical
records, and (3) age between 18 and 80 years.

Exclusion criteria: (1) previous use of pyrotinib; (2) use of pyrotinib for disea
ses other than malignant breast tumours; (3) diarrhoea caused by anything els
e; and (4) incomplete medical records affecting the data relevant to this study
or missing >10% of medical record data.

The training set
(n=167)

The external
validation set
(n=59)

Univariate logistic regression analysis
Multivariable logistic regression analysis

Constructing a risk
prediction nomogram model

Fig. 1 The flow chart of analysis in this study

AST, and combination with probiotics or other drugs
that regulate the intestinal flora (all P<0.05), as shown in
Table 2 and the Forest plots in Fig. 2A. By incorporating
independent risk factors above into the prediction model,
we constructed a risk prediction nomogram model for
pyrotinib-induced severe diarrhea with the R (version
4.2) software packages. The risk prediction nomogram
model was presented in Fig. 2B. As we can see, in the
nomogram model, each level of each predictor has a cor-
responding point, the longer the bar, the higher the score;
the higher the total score, and the greater the probability
of severe diarrhea. It can visually predict the probability

Y

Validating and evaluating the
risk prediction nomogram model

of severe diarrhea after receiving pyrotinib and is easier
to apply in the clinical practice.

The area under the ROC curve in the training set was
0.794, with a 95% confidence interval (CI) of 0.724—
0.864, a sensitivity of 0.635, a specificity of 0.817, and
the Youden index of 0.452, as shown in Fig. 3A. It had
an area under the ROC curve in the external valida-
tion set of 0.863, with a 95% CI of 0.767-0.959 and the
Youden index of 0.503, as shown in Fig. 3B. These data
indicated that the model has good prediction accuracy
for distinguishing those at risk of severe diarrhea caused
by pyrotinib. The Hosmer-Lemeshow test analysis for the
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Table 2 Multivariate logistic regression analyses of pyrotinib-induced severe diarrhea from training set

Estimate SE Wald P OR 95%Cl
(Intercept) -3.205 1.043 -3.072 0.002 0.041 0.005-0.314
BMI>24 0.565 0.638 0.885 0.376 1.760 0.504-6.149
ADR_before Yes 2.565 1.023 2.507 0.012 12.998 1.749-96.570
Pyrotinib Reduce -3.870 0.809 -4.784 <0.001 0.021 0.004-0.102
Capecitabine Yes 1.405 0.651 2.160 0.031 4.077 1.139-14.595
Thrombocytopenia Yes 1.740 0.774 2248 0.025 5.696 1.250-25.955
AST_increased Yes 2971 0.957 3.105 0.002 19511 2992-127.237
ALT_increased Yes 1416 0.946 1.498 0.134 4123 0.646-26.315
Probiotic Yes -3.251 1.198 -2.714 0.007 0.039 0.004-0.405

training set and the external validation set showed Pval-
ues of 0.298 and 0.478, respectively (P>0.05). It is dem-
onstrated that the risk prediction nomogram model had
a good fit. The calibration curve analysis showed that
the prediction probability of the nomogram model for
pyrotinib-induced severe diarrhea was close to the actual
probability, as shown in Fig. 3C and D.

The results of the decision curve analysis showed that
the net benefit of construction set and validation set
was superior to both the all curve and none curve. The
threshold probabilities of the training set and the exter-
nal validation set were 0—85% and 0—-92%, respectively, as
shown in Fig. 3E. Patients who are likely to suffer from
pyrotinib-induced severe diarrhea may benefit by early
identification based on this prediction nomogram model,
which has clinical significance.

Discussion

Pyrotinib is a novel irreversible TKI of the HER recep-
tor that was independently developed in China. It sig-
nificantly inhibits the expression of the epithelial growth
factor receptor (EGFR) / HER-1, HER-2, and HER-4
receptors [9, 10]. Diarrhea is the most common adverse
event during pyrotinib treatment, and severe diarrhea
is the main cause of pyrotinib reduction and discon-
tinuation [6, 11]. Studies have demonstrated that the
implementation of an effective management strategy of
diarrhea can improve the tolerance of pyrotinib and sig-
nificantly reduce the incidence and duration of severe
diarrhea [6, 11, 12]. Therefore, how to accurately identify
high-risk individual for severe diarrhea caused by pyro-
tinib early has become an urgent clinical problem.

This study retrospectively analysed the clinical data
of 226 patients from January 2019 to December 2023,
who took pyrotinib at Hainan West Central Hospital
or Hainan Cancer Hospital. Univariate and multivari-
able logistic regression analysis revealed that a history
of ADRs, initial dose of pyrotinib, combination with
capecitabine, thrombocytopenia, AST, and combination
with probiotics or other drugs that regulate the intesti-
nal flora were independent risk factors associated with
pyrotinib-induced severe diarrhea (P<0.05). However,

the results of another study showed that factors such as
age and BMI are not associated with pyrotinib-induced
diarrhea, while the Eastern Cooperative Oncology Group
(ECOG) score is a risk factor for the occurrence of diar-
rhea during the first week of pyrotinib [13]. This is incon-
sistent with the results of our study, which may be related
to the incomplete inclusion of factors in the models, dif-
ferent subgroup designs, and small sample sizes.

In China, pyrotinib combined with capecitabine
has been used as a commonly recommended treat-
ment regimen for patients who failed to be treated with
trastuzumab [1]. Capecitabine is an analogue of fluoro-
pyrimidine nucleosides, and diarrhea is also one of its
most common adverse effect [14—16]. The results of this
study indicated that combination with capecitabine is
an independent risk factor for pyrotinib-induced severe
diarrhea. In other words, the severity of diarrhea may be
higher when pyrotinib is combined with capecitabine.
The results of this study was similar to other relevant
studies [2, 17] on pyrotinib combined with capecitabine.

This study found the risk of severe diarrhea would
increase by 2.565-fold for the patients who experienced
ADRs during previous antitumour treatments. Com-
pared with patients with normal platelet counts, the risk
of severe diarrhea increased by 1.740-fold in patients
with low platelet counts. No other research ever reported
a direct correlation between thrombocytopenia and
diarrhea. However, when patients undergo antitumour
treatment, they often experience ADRs due to mistaken
injury of normal cells and tissues. When immune cells
are injured, they inhibit the function of the whole body’s
immune system. Therefore, most patients with malignant
tumours experience a decreased immune function after
undergoing multiline antitumour treatment [18—20]. The
immune microenvironment would be changed after the
occurrence of thrombocytopenia. The patients are more
likely to suffer adverse drug reactions such as diarrhea in
subsequent treatment.

Pyrotinib is highly bound to plasma proteins, ranging
from 86.9 to 99.7%, and mainly metabolized by hepatic
cytochrome P450 3A4 enzymes. Ultimately, 90.9% of
pyrotinib and its metabolites are excreted from the body
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Fig. 2 Prediction nomogram model for risk of pyrotinib-induced severe diarrhea. (A) Forest plots of the multivariate logistic regression analysis. (B)
Nomogram of the prediction model for pyrotinib-induced severe diarrhea in the training set. To estimate the risk of pyrotinib- induced severe diarrhea,
the points for each variable were calculated by drawing a straight line from the patient’s variable value to the axis labeled “points” The total points were
converted to “probability of pyrotinib- induced severe diarrhea” on the lowest axis
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agreement of actual probabilities and predicted probabilities for prediction accuracy in the training set (C) and the external validation set (D). The decision
curve analysis of the risk prediction nomogram model of pyrotinib-induced severe diarrhea was in (E)
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in the faeces, and 1.7% are excreted in the urine [21, 22].
Therefore, the combination of strong CYP3A4 inhibitors
such as itraconazole, fluconazole, and grapefruit juice
during pyrotinib can affect the metabolism of pyrotinib.
There is an elevated risk and increased severity of adverse
reactions once pyrotinib accumulates in the body. Since
only two of the 226 patients in this study used strong
CYP3A4 inhibitors while taking pyrotinib, it was impos-
sible to determine the relationship between the combina-
tion of strong CYP3A4 inhibitors and severe diarrhea. In
addition, the results of this study showed that elevated
AST was an independent risk factor for severe diarrhea
associated with pyrotinib. Compared to patients with
normal AST levels, patients with elevated AST levels had
a 2.971-fold greater risk of severe diarrhea. This means
that impaired liver function may also affect the metabo-
lism of pyrotinib, resulting in its accumulation in the
body and increasing the incidence and severity of adverse
reactions. As for other liver function indicators, such
as ALT and ALDP, this study did not find any correlation
between them and pyrotinib-induced severe diarrhea.

In a single-centre, open-label, dose-escalation phase I
clinical study [23], 2 patients in the 480 mg group expe-
rienced dose-limiting toxicity grade 3 diarrhea, and most
patients who experienced diarrhea in the 80-400 mg
dose group experienced symptom relief without interrup-
tion of treatment or reduction in the dose of pyrotinib.
According to this study, when the daily dose of pyrotinib
taken by patients was lower than their maximum tolera-
ble dose of 400 mg/day, the probability of severe diarrhea
decreased by 3.87-fold. Therefore, the initial daily dose
of pyrotinib could be appropriately reduced and closely
monitor the patient’s response to the medicine. Clinician
will adjust the maintenance dose to 400 mg if the patient
does not experience intolerable adverse reactions such
as severe diarrhea. It is possible to increase the tolerance
of pyrotinib and decrease the occurrence of severe diar-
rhea, when the patient is susceptible to severe diarrhea
predicted by this model.

Patients who received probiotics or other gut micro-
biota regulators during pyrotinib had a 3.251-fold lower
risk of severe diarrhea. The occurrence of pyrotinib-
induced diarrhea may lead to an imbalance in the gas-
trointestinal microbial environment [24-27], while
probiotics can alleviate diarrhea by balance of the gut
microbiota [28, 29]. In addition, some studies have shown
that the risk of breast cancer may be related to the spe-
cies composition and biological function of the micro-
biota located in the breast and intestines [30—34]. Except
for regulating intestinal function, probiotics can prevent
or treat breast cancer by regulating the gastrointesti-
nal microbiota and the immune system [35-38]. There-
fore, patients may consider taking probiotics or other

Page 10 of 12

gut microbiota regulators during pyrotinib treatment or
experienced diarrhea.

Based on the multivariate logistic regression analysis,
we constructed a risk prediction nomogram model for
severe diarrhea induced by pyrotinib. The areas under the
ROC curves of the training set and the external valida-
tion set were 0.794 and 0.863, respectively. It is suggested
that the nomogram model possesses a good predictive
ability for identifying patients at high risk of pyrotinib-
induced severe diarrhea. The Hosmer-Lemeshow good-
ness-of-fit test showed that the fit of the nomogram
model was good. The calibration curve analysis showed
that the prediction probability of the nomogram model
for pyrotinib-induced severe diarrhea was close to the
actual probability.

The advantage of this study is that we have constructed
a visual nomogram model based on the logistic regres-
sion analysis, making it easier for clinicians to identify
individual at high risk of pyrotinib-induced severe diar-
rhea. Therefore, this risk prediction nomogram model
is suitable for generalization in patients who are taking
pyrotinib. However, This study did have certain limita-
tions. Firstly, the influencing factors were distinguished
baesd on binary classification method, which was not
rigorous enough. Secondly, although this study has been
taken into various medical records and demographic
variables, there are still potential confounding factors
that have not been incorporated, such as genetic fac-
tors and lifestyle factors. Thirdly, this was a retrospective
study with a small sample, and the potential significant
correlations between variables may be obscured. At last,
the participants are Asians, which may affect the appli-
cability of the model. This study still requires validation
through prospective, multi-center, and large-sample
clinical research before it can be widely used in medical
practice.

Summary

In a word, this study established a risk prediction nomo-
gram model for pyrotinib-induced severe diarrhea. It
can help clinicians identify patients at high risk of severe
diarrhea early so that they make timely clinical decisions.
In the future, this model still needs to be validated and
optimized to improve its predictive value through multi-
centre prospective studies.
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