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Introduction

Pyrotinib is a second-generation, irreversible, pan-
human epidermal growth factor receptor (HER) tyrosine 
kinase inhibitor (TKI) targeting epidermal growth 
factor receptor (EGFR), HER2, and human epidermal 
growth factor receptor 4 (HER4) (1). Phase II studies 
demonstrated that pyrotinib plus capecitabine significantly 
improved the overall response rate and progression-free 

survival (PFS) of HER2-positive advanced breast cancer 
patients previously treated with taxanes, anthracyclines, 
and/or trastuzumab (2). The PHOEBE trial indicated 
that, compared with lapatinib plus capecitabine, second-
line pyrotinib plus capecitabine obtained a median PFS 
of 5.7 months and an objective response rate (ORR) of 
67.2% (3). Based on the above clinical trial, the Breast 
Cancer Guidelines of the Chinese Society of Clinical 
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Oncology (CSCO) recommend a pyrotinib-based regimen 
as second-line treatment after trastuzumab treatment failure 
for HER2-positive advanced breast cancer patients.

Diarrhea is a common adverse event during anti-HER2 
treatment. CLEOPATRA study indicated that 23% of breast 
cancer patients receiving pertuzumab and trastuzumab 
suffered diarrhea, and most cases were grade 1–2 events. 
However, diarrhea is the most common TKI-related 
adverse event (4), and the overall incidence of diarrhea was 
reported to be as high as 96.9% in phase II study (2). While 
grade 1–2 diarrhea can influence quality of life, grade 3–4 
diarrhea can cause dehydration and electrolyte disturbance, 
which may be life threatening in severe cases (5). Therefore, 
diarrhea prevention and intervention are essential for 
patients receiving pyrotinib-based treatment (6). So far, 
no study focused on the occurrence risk and treatment of 
pyrotinib-associated diarrhea.

In the present study, we retrospectively collected the data 
of advanced breast cancer patients receiving pyrotinib and 
evaluated the level of diarrhea, aiming to evaluate the effect 
of various medical interventions on drug-related diarrhea. 
We present the following article in accordance with the 
STROBE reporting checklist (available at https://apm.
amegroups.com/article/view/10.21037/apm-21-3978/rc). 

Methods

Study population

Advanced breast cancer patients from August 2018 to 
January 2021 at Guangdong Hospital of Traditional 
Chinese Medicine were retrospectively reviewed. Enrolled 
patients were required to meet the following inclusion 
criteria: (I) pathologically and/or radiographically confirmed 
metastasis; (II) received pyrotinib-based treatment; (III) 
HER2 positive, defined as immunohistochemistry 3+ and/
or fluorescence in situ hybridization positive with ≥2-fold 
amplification; (IV) female. The exclusion criteria were 
as follows: (I) concomitant non-mammary malignancy; 
(II) preexisting gastrointestinal disease that could induce 
diarrhea (such inflammatory bowel disease, Crohn’s disease, 
ulcerative colitis); (III) not enough data could be extracted.

All procedures performed in this study involving human 
participants were in accordance with the Declaration 
of Helsinki (as revised in 2013). The study was approved 
by institutional ethics board of Guangdong Hospital of 
Traditional Chinese Medicine (No. ZF2020-274-01). Written 
informed consent was obtained from each participant before 

inclusion in this study.

Data collection

Clinicopathological data were collected for each participant, 
such as age and metastatic sites. Salvage treatment 
information was also collected, including: (I) pyrotinib 
initial dose, modified dose, and treatment duration; (II) 
combined chemotherapy and anti-HER2 agent; (III) lines 
of therapy, number of prior lines of therapy, and details of 
drug-related diarrhea (occurrence time, duration, severity, 
intervention treatment, and therapeutic effect). All patients 
were followed up in the out-patient department.

The severity of diarrhea was evaluated based on the 
National Cancer Institute-Common Terminology Criteria 
for Adverse Events (NCI-CTC 4.0) (7). Grade 1: Increase 
of <4 stools per day over baseline; mild increase in ostomy 
output compared to baseline. Grade 2: Increase of 4–6 stools 
per day over baseline; moderate increase in ostomy output 
compared to baseline; limited instrumental activities of daily 
living (ADL). Grade 3: Increase of ≥7 stools per day over 
baseline; hospitalization required; severe increase in ostomy 
output compared to baseline; limited self-care ADL. Grade 
4: Life-threatening consequences; urgent intervention 
required.

Statistical analysis

The Student’s t-test or Mann-Whitney U test was 
performed for comparisons of continuous variables, and 
categorical variables were compared using the χ2 test 
or Fisher’s exact test. The primary endpoint was the 
occurrence risk of pyrotinib-related diarrhea, which was 
compared by the independent samples t-test. Subgroup 
analyses were performed to compare the efficacy of various 
antidiarrheal interventions. Multiple regression analysis was 
used to minimize the relevant bias. SPSS 23.0 (IBM, New 
York) was used for all analyses, and two-tailed P≤0.05 was 
considered as statistically significant.

Results

Clinicopathological characteristics of the study participants

A total of 46 HER2-positive advanced breast cancer patients 
were enrolled in the present study (Figure 1), and Table 1 
shows the baseline clinicopathological characteristics. The 
mean age was 52.5 (range, 25–83) years and average follow-
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up time was 5.4 months. Fourteen (30.4%) patients had 
local recurrence, soft tissue metastasis, or bone metastasis, 
while other patients (69.6%) had visceral metastases. The 
initial dose of pyrotinib was 400 mg daily, and 39.1% 
(n=18) of patients experienced dose modification due to 
an adverse event (12 patients: 320 mg daily, 6 patients: 
280 mg daily). Analyzing the therapeutic regimen, 2 
(4.3%) patients received pyrotinib only, while 95.7% of 
participants received combined therapy. Forty-four patients 
received adjuvant chemotherapy (capecitabine, n=30; anti-
microtubule drugs, n=14). Moreover, 6 patients (13.0%) 
synchronously received trastuzumab.

Pyrotinib-related diarrhea 

All patients developed different grades of diarrhea 1–7 days 
after the first pyrotinib administration (average time 
2.76±2.17 days). Four patients (8.7%) experienced <1 week 
of diarrhea, 19 patients (41.3%) had diarrhea lasting 1 week 
to 1 month, and 30.4% of patients suffered more than  
3 months of diarrhea. Based on the NCI-CTC 4.0 criteria, 
10 patients (21.7%) suffered grade 1 diarrhea and 12 patients 
(26.1%) suffered grade 2 diarrhea. Grade 3 diarrhea 
occurred in 52.2% of patients and no grade 4 diarrhea was 
reported. Only a few cases required hospitalization due to 
uncontrolled diarrhea.

Four hundred milligram of Pyrotinib caused 80% 
of grade 3–4 diarrhea occurrence without antidiarrheal 
treatment. However, under identical antidiarrheal 
intervention, the pyrotinib dosage levels were not 
significantly related to the incidence rate of diarrhea 
(P=0.14). Approximately 66.0% of patients among 240 mg 

pyrotinib and 320 mg pyrotinib subgroups and 57.1% of 
patients among 400 mg pyrotinib subgroup experienced 
grade 1 diarrhea, while 320 mg and 400 mg pyrotinib 
induced 14.3–16.7% risk of grade 2 diarrhea. Among 
advanced breast cancer patients receiving chemotherapy 
plus pyrotinib, vinorelbine plus pyrotinib induced the 
highest incidence rate of grade 3 diarrhea (60%). However, 
no significant difference was shown between various 
chemotherapy regimens (P=0.77). 

Interventions for diarrhea

Loperamide was the main medication used for diarrhea 
treatment.  Twenty-one patients (45.7%) received 
loperamide only, 8 patients (17.4%) received loperamide 
plus montmorillonite powder, and 3 patients (6.5%) used 
loperamide and montmorillonite powder plus probiotics 
for diarrhea treatment. We classified the antidiarrheal 
effect as effective (no diarrhea), partially effective (NCI-
CTC diarrhea grade decreased by 1 grade or more), and 
ineffective (diarrhea was not changed or worsened). Based 
on the medication, the effective rates of the loperamide only 
group and loperamide-combined group were 95.3% and 
100%, respectively, while the non-loperamide group only 
had a 78.6% effective rate (P=0.26). 

Based on the antidiarrheal drug intervention, patients 
were divided into the loperamide only group (group A), 
loperamide combined with other antidiarrhea drugs group 
(group B), and non-loperamide group (group C). The total 
effective rate was 95.3% in group A, 100% in group B, and 
78.6% in group C. The drug intervention plan and efficacy 
are shown in Table 2. However, there was no significant 

Figure 1 Patient selection flow chart.

Advanced breast cancer patietns  
from August 2018 to January 2021 

(n=73)

Enrolled patients (n=46)

Excluded (n=27)
•	Concomitant non-mammary malignancy (n=5)
•	Preexisting gastrointestinal disease (n=4)
•	Missing data (n=18)
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difference in antidiarrheal efficacy among all groups 
(P=0.26).

Discussion

Anti-HER2 agents are essential regimens for HER2-
positive breast cancer. Trastuzumab and pertuzumab are 
the first-line preferred recommendation based on the 
NCCN guideline, with approximately 28.1% of grade 1 
or 2 diarrhea occurrence risk. However, if trastuzumab 

occurred, TKI becomes essential medication for subsequent 
treatment. Pyrotinib is second-generation, irreversible 
TKI, and diarrhea and hand-foot syndrome were the most 
common adverse events, and grade 3 or worse adverse 
events were reported for 31% and 16% patients respectively 
as reported in PHOBE study (3). Severe diarrhea can 
lead to dose reduction or treatment interruption, which 
might weaken the curative effect. Most TKIs require oral 
administration daily for a certain period, and even grade 1–2 
diarrhea can significantly affect quality of life. It is essential 
for clinicians to manage and treat pyrotinib-related diarrhea. 
The mechanism of pyrotinib-related diarrhea remains 
unclear (5), though common hypotheses are as follows: (I) 
the inhibition of the EGFR signaling pathway can hamper 
intestinal epithelial cell proliferation (8), the transportation 
of nutrients and electrolytes (9), and the expression of brush 
border peptidases (10), causing intestinal mucosal atrophy; 
(II) dysregulation of the EGFR signaling pathway can lead 
to excessive accumulation of chloride; (III) disruption of 
gastrointestinal microcirculation or inflammatory responses 
can cause diarrhea. However, since the occurrence 
mechanism remains unclear, preventive treatment before 
TKI administration is not well established.

Previous clinical trials have indicated that pyrotinib is 
associated with a high incidence of diarrhea. In a phase I trial 
investigating the efficacy of pyrotinib plus capecitabine (11), 
the incidence rates of diarrhea of any grade and grade 3/4 
were 85.7% and 10.7%, respectively. In the subsequent 
phase II trial (3), the incidence rates of any grade of 
diarrhea in the pyrotinib group and control group were 
96.9% and 44.4%, respectively, while the incidence rate of 
grade 3/4 diarrhea was 15.4% in the pyrotinib group and 
4.8% in the control group. Similarly, 98.4% of participants 
suffered various grades of diarrhea and 30.8% had grade  
≥3 diarrhea in the phase III PHOENIX trial  (1). 
Furthermore, a previous study also found that grade  
≥3 diarrhea usually occurred in the first treatment cycle, 
and the grade improved in subsequent treatment cycles. In 
a real world study, the incidence of any grade pyrotinib-
related diarrhea was reported as 98.2%, while the incidence 
of grade ≥3 diarrhea was 21.8% (12).

In the present study, no significant association between 
diarrhea occurrence risk, severity, and chemotherapy/
other anti-HER2 regimens was demonstrated. Moreover, 
the actual occurrence rates of all-grade and grade 3/4 
diarrhea were 100% and 54.8% respectively, which were 
higher than those reported in previous clinical trials. The 
possible reason may be that many patients did not initiate 

Table 1 Baseline demographic and disease characteristics of the 
46 patients

Items Data

Age

Median/years 52.5

Range/years 25–83

<65 years, n (%) 44 (95.7)

≥65 years, n (%) 2 (4.3)

Sites of metastases, n (%) 

Visceral 32 (69.6)

Liver 16 (34.8)

Lung 20 (43.5)

Brain 7 (15.2)

Non-visceral 14 (30.4)

Chemotherapy regimens, n (%)

Capecitabine 30 (65.2)

Vinorelbine 10 (21.7)

Albumin-bound paclitaxel 2 (4.3)

Docetaxel 2 (4.3)

Pyrotinib only 2 (4.3)

Combine anti-HER2 therapy, n (%)

Trastuzumab 6 (13.0)

None 40 (87.0)

Lines of treatment in the metastatic setting, n (%) 

1 1 (2.2)

2 14 (30.4)

3 16 (34.8)

4 13 (28.3)

5 2 (4.3)
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antidiarrheal intervention based on the recommended 
time, and some patients even rejected the proper medical 
intervention. This phenomenon indicates that the standard 
treatment for pyrotinib-related diarrhea is not promoted 
in clinical practice, and oncologists should emphasize the 
proper management of this adverse event during pyrotinib 
treatment.

The onset of diarrhea occurs mostly within 1 week 
after the first dose of pyrotinib, and the average time was 
2.86 days. A total of 45.2% of patients suffered 1 week 
to 1 month of diarrhea. The above results are consistent 
with previous reports on TKIs (13). Diarrhea prevention 
and early intervention are essential to improve patient 
compliance. In previous clinical studies, dose modification 
or treatment termination due to diarrhea were rare. In the 
present study, 40.5% of patients received dose modification 
and 14.3% of patients received the lowest dose level 
at 240 mg daily. Even no PFS difference was proven 
among various pyrotinib-dose subgroups (P=0.48), good 
management of pyrotinib-related diarrhea was important to 
prevent dose reduction in clinical practice, which influences 
the therapeutic effect.

The 2019 EGFR-TKI ADR Management Chinese 
Expert Consensus recommended that loperamide, 
montmorillonite, and probiotics are the preferred 
treatments for TKI-associated diarrhea, while codeine 
(30 mg BID) could be added in severe cases (14). In 
the present study, we classified patients into 3 groups: 
loperamide only group (group A), loperamide combined 
with other antidiarrheal drugs group (group B), and non-
loperamide group (group C). The results indicated that 
loperamide-based regimens achieved a high control rate of 
diarrhea (95.3–100%), while non-loperamide treatment had 
an inferior antidiarrheal effect (78.6%). This suggests that 
loperamide is an essential treatment for pyrotinib-related 
diarrhea. On the basis of loperamide, the addition of other 
antidiarrheal agents (e.g., montmorillonite, probiotics) 
could not significantly improve the control rate, which 
might be due to the limited number of enrolled patients 

in the study. In this study, a substantial portion of patients 
did not receive standardized treatment according to the 
recommended time of diarrhea occurrence, and even 
rejected drug intervention. This was the possible reason for 
the high incidence rate of diarrhea at all grades in this study. 
Thus, rational treatment for pyrotinib-related diarrhea 
should be promoted in clinical practice.

In 2021, the CSCO Breast Cancer Expert Committee 
published the expert consensus on the management of 
adverse events of ErbB family TKIs in breast cancer (15).  
For TKI-related diarrhea, the recommended treatment 
for grade 1–2 diarrhea without complications is water 
and electrolyte replenishment and loperamide. If 
the symptoms do not improve, octreotide, opioids, 
and  treatment interruption can be recommended until 
the diarrhea level is downgraded to grade 1, and the 
original dose of pyrotinib should be recommenced on the 
basis of loperamide. However, TKIs and chemotherapy 
should be suspended when diarrhea of any grade with 
complications or grade 3–4 diarrhea occur. Atropine 
and codeine can be added to loperamide for antidiarrhea 
treatment. If symptoms are relieved, TKIs can be 
recommenced at a decreased dose. Furthermore, regular 
fecal examination and fecal culture should be performed 
to exclude infectious diarrhea that requires antibiotic 
treatment (16). In terms of daily care, a low-fat and low-
fiber diet is recommended, and caffeine, alcohol, dairy 
products, orange juice, grape juice, and spicy food should 
be avoided (14). Additionally, several new treatments are 
currently under investigation (17). Ianiro et al. found that 
fecal microbiota transplantation (FMT) could relieve 
diarrhea symptoms caused by TKIs in metastatic renal 
cell carcinoma patients, and FMT from healthy donors 
achieves a better effect than placebo FMT (18). The above 
research indicates that FMT may become a new therapeutic 
approach for TKI-associated diarrhea.

Prevention is more important than intervention among 
breast cancer patients receiving pyrotinib. At present, there 
is no clinical study focusing on the primary prevention 

Table 2 Comparison of clinical efficacy in the 3 groups (n, %)

Classification Group A (n=21) Group B (n=11) Group C (n=14)

Responders (no diarrhea) 6 (28.6) 2 (18.2) 4 (28.6)

Partial responders (reduction in diarrhea by 1 NCI-CTC grade) 14 (66.7) 9 (81.8) 7 (50.0)

Non-responders (no change in diarrhea) 1 (4.8) 0 (0.0) 3 (21.4)

NCI-CTC, National Cancer Institute-Common Terminology Criteria for Adverse Events.
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of pyrotinib-related diarrhea. The Consensus of Adverse 
Reactions to Tyrosine Kinase Inhibitors in Breast Cancer 
suggests that if patients suffer interruption to pyrotinib 
treatment caused by grade ≥3 diarrhea, preventive 
loperamide should be given simultaneously with pyrotinib 
recommencement.

This study had several limitations. First, because of the 
recent approval of the clinical application of pyrotinib, the 
number of patients meeting the inclusion criteria was small, 
which partly influenced the statistical analyses. Second, the 
bloody concentration of pyrotinib could not be monitored 
in the observational study, leading to the deficiency of 
pharmacokinetics analysis of pyrotinib. Third, subgroup 
analyses based on combined therapy, antidiarrheal agents, 
and survival analyses were not available due to the limited 
number enrolled patients.

In conclusion, diarrhea is the most common adverse 
event of pyrotinib. The high incidence rate and severity 
greatly lower the quality of life of patients. Thus, effective 
and standardized management of pyrotinib-related diarrhea 
is essential, which may prevent treatment interruption, dose 
modification, and may improve patient compliance and the 
therapeutic effect. Further researches with larger number 
of participants are needed to comprehensively develop 
effective strategy for pyrotinib-related diarrhea prevention.
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