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Background: At present, patients with metastatic breast cancer (MBC) have few
treatment options after receiving anthracyclines and taxanes. Studies have shown that
irinotecan has modest systemic activity in some patients previously treated with
anthracyclines and taxanes. This study aimed to evaluate the efficacy of irinotecan-
based chemotherapy for breast cancer patients in a metastatic setting.

Methods: We retrospectively collected the clinical information and survival data of 51
patients with MBC who received irinotecan at West China Hospital of Sichuan University.
The primary endpoints were the progression free survival (PFS) and overall survival (OS),
and the secondary endpoint was the objective response rate (ORR). To minimize potential
confounding factors, we matched 51 patients who received third-line chemotherapy
without irinotecan through propensity score matching (PSM) based on age, hormone
receptor (HR), and human epidermal growth factor receptor 2 (HER2), compared their OS
and PFS rates to those treated with irinotecan.

Results: From July 2012 to October 2020, 51 patients were treated with an irinotecan-
containing regimen. The median number of previous treatment lines was 4, and a median
of two previous chemotherapy cycles (ranging from 1–14 cycles) were given in a salvage
line setting. The ORR was 15.7%, and the disease control rate (DCR) was 37.3%. For the
irinotecan group, the median PFS was 3.2 months (95% CI 2.7–3.7), while the median OS
was 33.1 months (95% CI 27.9–38.3). Univariate analysis results suggested that
irinotecan could improve PFS in patients with visceral metastasis (P=0.031), which was
0.7 months longer than patients without visceral metastasis (3.5 months vs. 2.8 months).
Compared to the patients who received third-line non-irinotecan chemotherapy, the
irinotecan group showed a longer trend of PFS without statistical significance (3.2 months
vs 2.1 months, P = 0.052). Similarly, the OS of the irinotecan group was longer than the
third-line survival without irinotecan, but it was not statistically significant (33.1 months vs
18.0 months, P = 0.072).
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Conclusions: For MBC patients who were previously treated with anthracyclines and/or
taxanes, an irinotecan-containing regimen achieved moderate objective response and
showed a trend of survival benefit, which deserves further study.
Keywords: irinotecan, metastatic breast cancer, efficacy, chemotherapy, palliative therapy
INTRODUCTION

Globally, breast cancer is the most common cancer and the leading
cause of cancer death in women (1). The incidence of breast cancer
has been rising, and this trend is expected to continue. Long-term
survival mainly depends on tumor stage and molecular subtype.
Early detection and early treatment are important strategies for
improving prognosis. The 5-year survival rate of those diagnosed
with early breast cancer is 99%, while that of those diagnosed with
metastatic breast cancer (MBC) is 25% (2, 3). In the past few
decades, significant progress has been made in improving the
survival rate of patients with MBC, but most cannot be cured by
existing treatment methods (4, 5). In patients with rapid tumor
progression or life-threatening visceral metastasis, or those who
need to quickly control tumor progression or relieve symptoms,
combination chemotherapy is usually appropriate (6).There is
currently no standard chemotherapy regimen for MBC (7). The
available treatment options include anthracyclines, taxanes, 5-
fluorouracil, vinorelbine, gemcitabine (5, 8). Those breast cancer
patients with relatively long survival time often face the dilemma
that no effective drugs are available. Irinotecan is a topoisomerase I
inhibitor, which is widely used in clinical treatment of advanced
colorectal cancer, lung cancer, gastric cancer (9–11). A few clinical
trials have shown that irinotecan had modest systemic activity in
some patients previously treated with anthracyclines and taxanes.
The objective response rate (ORR) of patients with MBC who
received irinotecan monotherapy was 5%–23%, while the ORR of
patients with MBC who received a combination of irinotecan and
various chemotherapy drugs ranged from 14%–64%, usually
including patients who had been heavily pretreated (5, 12, 13).
Irinotecan has not been regarded as a routine treatment option for
patients with MBC, and the outcome of subsequent therapy with
irinotecan in patients with MBC was not clear. The aim of the
present study was to evaluate the efficacy of irinotecan as a salvage
line therapy for patients with MBC.
PATIENTS AND METHODS

We enrolled patients with MBC who were admitted to West
China Hospital from July 1, 2012 to October 30, 2020 and were
registered in the Breast Cancer Information Management System
(BCIMS). The BCIMS prospectively records patient clinical and
pathological characteristics, medical history, diagnoses,
laboratory results, treatments, and follow-up data (14).

Eligibility criteria included (1) Patients with MBC, that is
pathologically diagnosed breast cancer with metastasis sites,
including skin, lymph node (non-breast lymphatic drainage
area),bone and other visceral metastasis and (2) Patients
2

received systemic chemotherapy with or without irinotecan in
a salvage line. The prior treatment regimens and lines for
metastatic disease were not limited. Of the 1607 patients in the
database, fifty-one patients treated with irinotecan met the
inclusion criteria of the irinotecan group. Patients with no
irinotecan medication record (1556 cases) in the database were
matched through propensity score matching (PSM) in a 1:1 ratio
as the control group, and the matching factor was age ( ± 5years),
hormone receptor (HR), human epidermal growth factor
receptor 2 (HER2) and the number of treatment lines was
three lines or above. Then, two matched cohorts of 51 patients
were created. Their data, including basic information, diagnosis,
molecular subtypes, chemotherapy regimens, evaluation of
efficacy, were exported from BCIMS.

Therapeutic Schedule
Patients were treated with intravenous irinotecan 125 mg/m2

weekly for 4 weeks followed by a 2-week break. This regime was
based on one randomized Phase II trial with irinotecan in MBC,
which showed that weekly treatment schedules, compared with
every 3 weeks, had better response rates (15). Irinotecan was
combined with a variety of other chemotherapeutics, including
5-FU analogs, vinorelbine, gemcitabine, and platinum, as well as
being combined with various biologic agents, such as
trastuzumab, apatinib (Table 1).

Efficacy Evaluation
The ORR was defined as the objective response rate—that is, the
ratio of patients with complete response (CR) plus partial
response (PR) to all patients. The disease control rate (DCR)
was defined as the ratio of CR+PR+SD (stable disease) patients to
all patients. Progression free survival (PFS) was defined as the
time from initiation of irinotecan to the presence of objective
evidence of disease progression (or death for any reason). Overall
survival (OS) was defined as the time from initiation of
irinotecan until death, or loss of follow-up or reaching the
study observation deadline. Follow-up was conducted via
telephone or medical visit until death. Lost to follow-up was
T

T

Ir
Ir
Ir
Ir
Ir
Ir
ABLE 1 | Summary of treatment options in this study.

reatment regimen N = 51, %

inotecan monotherapy 4 (7.8)
inotecan+ anti-angiogenesis+/-target therapy 3 (5.9)
inotecan +5-FU analogs+/-anti-angiogenesis 33 (64.7)
inotecan +platinum+/-anti-angiogenesis 5 (9.8)
inotecan + vinorelbine +/- anti-angiogenesis 3 (5.9)
inotecan + gemcitabine 2 (3.9)

Irinotecan + docetaxel 1 (2.0)
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defined as failure to make contact with the patient on > 2
consecutive occasions (16). The longest follow-up time was 40
months. According to response evaluation criteria in solid
tumors 1.1 (RECIST 1.1), the therapeutic effect should be
evaluated through imaging examination about 2 cycles. The
primary endpoints were PFS and OS, and the secondary
endpoint was ORR.
Analysis Methods
Survival analysis was performed using SPSS version 25.0. A
survival curve was created using the Kaplan–Meier method. A
log-rank test was used for univariate analysis of PFS and OS.
Categorical variables were compared with the c2 test or Fisher’s
exact test. PSM was conducted using R software (version 4.0.3),
employing a 1:1 nearest neighbor with a caliper of 0.02. Subgroup
analysis was performed with R software (version 4.0.3). P < 0.05
was considered statistically significant.
RESULTS

Baseline Characteristics of Subjects
A total of 51 patients with MBC entered the irinotecan group and
the control group, respectively. The characteristics of the two
groups were roughly similar. Almost all patients in both groups
were female. The median patient age was 43 years, and
premenopausal patients accounted for more than 60% of the
patients. The biological subtype included estrogen receptor (ER)-
positive and/or progesterone receptor (PR)-positive (74.5%),
HER2-positive (35.3%), and triple negative (13.7%). Visceral
metastasis had occurred in more than 85% of the patients,
more than 85% of the patients had previously received
Frontiers in Oncology | www.frontiersin.org 3
anthracyclines, and more than 95% had been treated with
taxanes. The median number of previous treatment lines was
4, and a median of two previous chemotherapy cycles (ranging
from 1–14 cycles) were given in a salvage line setting. Demographic
and clinical characteristics between the irinotecan and control
groups are shown in Table 2.

Efficacy
At the cutoff of October 30, 2020, the best overall response of the
irinotecan group was: CR (n =1), PR (n =7), SD (n = 11),
progression disease (PD) (n = 32), an ORR of 15.7%, and a DCR
of 37.3%. The median PFS for the irinotecan group was 3.2
months (95% CI 2.7–3.7) (Figure 1), the median OS was 33.1
months (95% CI 27.9–38.3), and the 2-year OS rate was
70.0% (Figure 2).

Results of the univariate analysis indicated that the PFS of the
irinotecan group was significantly prolonged in patients with
visceral metastasis (P = 0.031) compared with those without
visceral metastases. Age (< 45 years, ≥ 45 years), menopausal
status (pre-menopause, post-menopause), triple negative
(positive/negative), HER2 status (positive/negative), HR status
(positive/negative), and number of previous chemotherapy lines
(≤ 3, >3) were not associated with the PFS of irinotecan
(Table 3). With regard to OS, the univariate analysis found no
clinicopathological factors affecting OS (Table 3).

After PSM, the baseline characteristics were relatively
comparable. The PFS of the irinotecan group showed a longer
trend of PFS without statistical significance at 3.2 months (95%
CI 2.7–3.7) vs 2.1 months (95% CI 1.4–2.8), (P = 0.052)
(Figure 1). Similarly, the OS of the irinotecan group was
longer than the third-line survival without irinotecan, but it
was not statistically significant at 33.1 months (95% CI 27.4–
38.8) vs 18.0 months (95% CI 3.2–32.8), (P = 0.072) (Figure 2).
TABLE 2 | The baseline patient characteristics.

Characteristics Irinotecan group (N, %) Control group (N, %) P value

Gender 1.000
female 50 (98.0) 51 (100)
male 1 (2.0) 0 (0)
Age, median (range, year) 43 (27-70) 43 (22-70) 0.839
<45 32 (62.7) 31 (60.8)
≥45 19 (37.3) 20 (39.2)
Menopausal status 0.532
Pre-menopause 32 (62.7) 35 (68.6)
Post-menopause 19 (37.3) 16 (31.4)
Biological subtype 0.873
HR(+) 38 (74.5) 38 (74.5)
HER2(+) 18 (35.3) 17 (33.3)
Triple negative 7 (13.7) 9 (17.6)
Visceral metastasis 0.767
Yes 44 (86.3) 46 (88.2)
No 7 (13.7) 5 (11.8)
Prior anthracycline therapy 0.799
Yes 42 (82.4) 41 (80.4)
No 9 (17.6) 10 (19.6)
Prior taxane therapy 0.495
Yes 51 (100) 49 (96.1)
No 0 (0) 2 (3.9)
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Subgroup analysis found that patients younger than 45 years
(P=0.039), premenopausal (P=0.004), HR positive (P=0.021),
non-triple negative (P=0.039), with visceral metastases
(P=0,028), and prior anthracycline therapy (P=0.025) had a
longer PFS in patients treated with irinotecan. Premenopausal
patients (P=0.029) with irinotecan had a longer OS. Other factors
were not found to be significantly associated with patients’ PFS
and OS (Figures 3, 4).
Subsequent Treatment
The large majority of patients received further therapy after
irinotecan progression: 52 patients (86.7%) received systemic
treatment (see specific treatment status in Table 4). As the higher
proportion of patients receiving subsequent treatment would
have inevitably affected OS, indicators such as the 2-year OS rate
may more reliably reflect the efficacy of irinotecan in treating
patients with MBC.
Frontiers in Oncology | www.frontiersin.org 4
DISCUSSION

This study retrospectively analyzed the efficacy of irinotecan in
patients with MBC who had been heavily pretreated in the real
world. Based on the limited available data in our database, we
found that after failure of multi-line treatment of MBC patients,
an irinotecan-containing regimen achieved an ORR of 15.7%, a
DCR of 37.3%, and a median PFS of 3.2 months, achieving a
median OS of 33.1 months.

The efficacy of irinotecan varies greatly among previous
studies. A systemic analysis that enrolled 217 patients with
refractory MBC in 5 irinotecan-based clinical studies
confirmed a pooled RR of 48.8% (17). Other Phase I/II studies
enrolled patients (n = 18–64) with MBC previously exposed to
anthracycline and/or taxane-containing therapy using an
irinotecan combination with other drugs such as cetuximab,
temozolomide, docetaxel, gemcitabine, or etoposide. Those
studies demonstrated an ORR of 5.6%–58.3%, a clinical benefit
FIGURE 2 | Comparison of overall survival in irinotecan group and third-line overall survival in control group.
FIGURE 1 | Comparison of progression-free survival in irinotecan group and third-line progression-free survival in control group.
November 2021 | Volume 11 | Article 654974
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rate of 16%–97%, a median time to progression (TTP) of 1.4–14
months, and a median OS of 4.9–26 months (3, 18–27). There
are few findings from large-scale, prospective, randomized
studies on the use of irinotecan for MBC. We found only one
Phase III randomized controlled trial comparing capecitabine with
Frontiers in Oncology | www.frontiersin.org 5
or without irinotecan in patients with MBC previously treated with
anthracycline and taxane. The results suggest that for PFS, OS, and
ORR, capecitabine plus irinotecan therapy is not significantly better
than capecitabine. Until now, irinotecan’s position in breast cancer
treatment regimens has not been established.
TABLE 3 | Univariate analysis of PFS and OS (Kaplan-Meier).

Variable PFS 95% CI P value OS 95% CI P value

Age 0.905 0.156
<45 3.0 2.2-3.8 30.0 16.7-43.3
≥45 3.3 2.8-3.8 – –

Menopausal status 0.101 0.455
Pre-menopause 3.5 3.1-3.9 – –

Post-Menopause 2.8 2.7-2.9 27.9 12.2-43.6
HR status 0.064 0.382
HR (+) 3.5 3.0-4.0 30.0 24.6-35.5
HR (-) 2.8 2.6-3.0 – –

Triple negative 0.066 0.648
Yes 1.3 0.0-3.3 – –

No 3.5 3.0-4.0 30.0 23.9-36.1
HER2 status 0.522 0.170
Yes 3.0 2.0-4.0 – –

No 3.2 2.6-3.8 29.9 26.7-33.1
Visceral metastasis 0.031 0.660
Yes 3.5 2.9-4.0 33.1 27.9-38.3
No 2.8 2.7-2.9 27.9 0.0-64.6
No. of previous therapy lines 0.121 0.504
< 3 2.8 2.5-3.1 – –

≥3 3.5 2.1-4.9 33.1 17.7-48.5
November 2
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Compared to the current approved drugs for anthracycline
and taxane-pretreated MBC such as capecitabine or eribulin, the
PFS of our study was similar to those of eribulin or capecitabine,
in which eribulin showed an ORR of 14.9%–20%, a clinical
benefit rate of 30%, and a PFS of 3.9–4.0 months (28), while
capecitabine’s ORR ranged from 14%–29% and exhibited a
median TTP range from 3.1–5.9 months (29). After balancing
age and molecular subtypes through PSM, the OS and PFS of
MBC patients after the progression of anthracycline and
paclitaxel with irinotecan may be better than those without
irinotecan in third-line treatment, but it is not statistically
significant. For patients with advanced MBC after failure of
multi-line therapy, despite anthracycline and taxane having
been used in the prior line, irinotecan may be considered as a
treatment option when no better choice is available.

A handful of reports have suggested that irinotecan showed
potentially promising results in triple negative breast cancer (3,
9), but unlike those studies, we found HR positive or non-triple
Frontiers in Oncology | www.frontiersin.org 6
negative patients had longer PFS treated with irinotecan
compared with hormone receptor-negative patients. Second,
we noticed that patients with younger than 45 years,
premenopausal , with visceral metastasis , and prior
anthracycline therapy had longer PFS. In particular, we
observed a certain extension in PFS in patients with visceral
metastasis with irinotecan (Previous treatment line of irinotecan
was 4, indicating a possible drug-resistant population),
suggesting that irinotecan is a posterior option for patients
with visceral metastasis. Large-sample studies are needed to
further identify patients with the highest likelihood of
responding to treatment with irinotecan (13).

Given the dose-limiting toxicity of irinotecan and its
inactivity in a large proportion of patients, it is more desirable
to identify a biomarker to predict irinotecan’s activity. Some
researchers have explored whether the increased topoisomerase 1
gene copy number or UGT1A1 polymorphisms can predict the
response of the topoisomerase inhibitor irinotecan (3, 12). Due
to the limited number of cases, no significant correlation has
been found to be related to irinotecan’s response. Similarly,
Cinzia Tesauro et al. investigated the relationship between CPT
efficacy and TOP1 activity (including gene and protein levels) in
BC cell lines (Luminal, HER2, and TNBC) in vitro, and found
that TOP1 activity was not a marker for camptothecin sensitivity
in breast cancer (9). Furthermore, researchers are also exploring
several delivery strategies of SN-38, an active metabolite of
irinotecan, showing a 100- to 1000-fold greater potency than
irinotecan (30). Some preclinical work found liposomal
FIGURE 4 | Forest plot of OS by subgroup.
TABLE 4 | Summary of subsequent line therapy.

Total cases N = 51, %

Any subsequent treatment 46 (90.2)
Chemotherapy 43 (84.3)
Endocrine therapy 21 (41.2)
Anti-HER2 treatments 11(21.6)
Anti-angiogenesis treatments 6 (11.8)
Anti-PD-1 monoclonal antibody 2 (3.9)
November 2021 | Volume 11 | Article 654974
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irinotecan preferentially accumulates in metastatic lesions and
acted as a reservoir for the release of irinotecan, improving anti-
tumor activity with decreased toxicity in a number of animal
models of human cancer (31, 32). And in a recent study(n=30),
liposomal irinotecan showed favorable antitumor activity in
heavily pretreated patients with or without brain metastasis,
the reported objective response rate of 30%-34.5% with single
drug and disease control rate 34.5%-50% (33).

Other evidence suggests that combining the topoisomerase I
inhibitor deruxtecan with HER2-targeting antibody had
excellent effects in breast cancer patients with HER2-positive
and low-level HER2 expression. A Phase 2 study that enrolled
184 patients who received a median of 6 previous treatments
followed by DS8201, a HER2-targeting antibody drug conjugate,
found an RR of 60.9%, while the median duration of PFS was
16.4 months (34). From the above, we may see that it is possible
to improve the efficacy of drugs by developing novel dosage
formulations such as nanoparticles, liposomes, or pegylation;
using drugs in combination with targeted agents; or using novel
linker payload technology (compared with TDM1) (35).

Limitations
This was a retrospective analysis of data collected at a single
center. The sample size was limited. Several subtypes of breast
cancers were mixed and irinotecan schedules were heterogenous.
CONCLUSION

Irinotecan-containing regimens may achieve moderate objective
response and showed a trend of survival benefit as a salvage
treatment in MBC. The role of the topoisomerase 1 inhibitors in
MBC still needs to be further validated in large-sample,
prospective studies.
Frontiers in Oncology | www.frontiersin.org 7
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