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Background

Breast cancer (BC) ranks as both the most prevalent and
deadliest form of malignancy among women worldwide [1].
In metastatic breast cancer (MBC), survival hinges on critical
prognostic factors, including tumor subtype, performance
status, age, metastatic-free interval, and the presence of vis-
ceral metastasis or high tumor burden [2-4]. The occurrence
of cerebral and/or leptomeningeal tumor spread is a fre-
quent phenomenon [4-6], significantly impacting prognosis
[6,7]. This is, in part, a result of the blood-brain barrier (BBB),
which restricts the entry of most antineoplastic drugs into
the central nervous system (CNS), rendering them less effect-
ive against CNS metastases [8,9].

Although promising novel drugs such as cdk 4/6 inhibitor
[10], antibody-drug conjugates (ADCs) [11-13] or immuno-
therapy [14] have disrupted the standard of care over the
last decade, cytotoxic chemotherapy remains the cornerstone
in subsequent lines of salvage therapy. The first treatment
lines reach consensus [15]. Subsequent therapeutic options
with lower objective response rates (ORRs) are not clearly
defined. The use of several classes of chemotherapy in the
perioperative setting makes treatment selection challenging
in case of metastatic relapse. Guidelines typically recommend
a sequential approach of cytotoxic monotherapy for MBC,
which often proves sufficient to attain a satisfactory disease
control rate. The goal of polychemotherapy is to increase the
ORR and improve disease control in aggressive forms of can-
cer. The improvements in survival duration for MBC patients
have led to a growing incidence of secondary cerebral
and/or meningeal tumor spread, presenting a significant
management challenge [16].

Vinorelbine is widely used for the management of MBC.
As a single-agent chemotherapy, it has demonstrated com-
parable efficacy to standard agents like anthracyclines, with
an overall response rate (ORR) of approximately 50% when

used as a first-line treatment [17]. A systematic review has
confirmed its activity as a second-line treatment in MBC pre-
treated with anthracyclines and taxanes, reaching an ORR of
approximately 15-20% [18]. Several vinorelbine-based combi-
nations have shown to be effective [19]. Thiotepa is used in
several tumor types and has shown an acceptable safety pro-
file [20]. Its lipophilic structure allows penetration through
the BBB, improving its bioavailability in the brain and menin-
ges [21]. This agent has demonstrated its effectiveness, in
patients with meningeal carcinomatosis [22], and in hemato-
logic diseases like CNS lymphomas [23]. Furthermore, thio-
tepa has demonstrated efficacy in patients with cerebral
metastases and carcinomatous meningitis in cases of MBC,
with studies reporting positive outcomes from both intraven-
ous infusions [24] and intrathecal injections [25].

The combination of intravenous vinorelbine and thiotepa
for the treatment of MBC is not frequently used in clinical
practice, and there are limited data available on its efficacy
and safety in the existing literature. The only study available
is a phase Il trial [26] published by Fabi et al., reporting an
ORR of 28% [95% Cl 12-44] and a median progression-free
survival (mPFS) of 6 months [95% Cl 1-20] in second-line
treatment in 32 patients with MBC. This combination holds
promise in the treatment of MBC patients, particularly those
with cerebral and/or leptomeningeal metastasis.

We conducted an observational retrospective monocentric
cohort study to assess the efficacy and safety of the associ-
ation of vinorelbine and thiotepa in patients with MBC.

Materials and methods
Study design and patients

Data were retrospectively collected from all consecutive
patients with MBC, who received vinorelbine and thiotepa
during a 10-year period, between 13 January 2011 and
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30 April 2021, in the Breast Cancer Department of Saint
Louis Hospital, a University Hospital in Paris, France.

Patients with histologically confirmed MBC treated with
intravenous vinorelbine and thiotepa were considered for inclu-
sion. Other eligibility criteria were: >18 year-old, at least one
prior chemotherapy line with anthracycline or taxane received
in neoadjuvant, adjuvant, or metastatic setting and at least one
fully administered cycle of vinorelbine-thiotepa. Exclusion crite-
ria were concomitant treatment for another neoplasm and
vinorelbine-thiotepa received as a local recurrence treatment.

Study treatment

Vinorelbine was administered at a dose of 30 mg/mz, and
thiotepa at a dose of 12 mg/m?, intravenously, on day 1 and
8, every 3 weeks. Premedication consisted of 80 mg intraven-
ous methylprednisolone and 8 mg ondansetron. Treatment
was discontinued upon disease progression, unacceptable
toxicity, altered performance status, or physician decision.
Patients with brain metastasis or meningeal carcinomatosis
could receive iterative or concomitant intrathecal perfusion
of methotrexate and local radiotherapy or surgery.

Endpoints

The primary endpoint was progression-free survival (PFS) in
the overall population and among patients with CNS metas-
tasis. PFS was defined as the time between the introduction
of vinorelbine-thiotepa and disease progression (RECIST or
not-RECIST progressive disease: according to physician choice
evaluation) or death. Secondary endpoints were OS in the
overall population, OS in patients with CNS metastasis, and
safety profile. OS was defined as the time between the intro-
duction of vinorelbine-thiotepa and death. Subgroup analy-
ses included PFS in highly pretreated patients (>3 lines of
treatment at the metastatic stage) and in triple-negative
breast cancer (TNBC) population. For the safety evaluation,
adverse events were retrospectively collected and graded
according to the National Cancer Institute Common
Terminology Criteria for Adverse Events, version 3.0.

Statistical analysis

Univariate descriptive data analysis was performed. The PFS,
0OS, and the follow-up time data were analyzed using
Kaplan-Meier's curves. The follow-up time was calculated
using the reverse Kaplan-Meier's method. Statistical analyses
were performed using the R software (Version 4.0.2) (R
Foundation for Statistical Computing, Vienna, Austria) and R
studio software (Version 1.2.1335) (Boston, MA).

Results
Patient characteristics

A total of 144 patients with BC treated with vinorelbine-thio-
tepa were identified through a local database. Three patients
did not meet eligibility criteria (n = 1 without histologically

confirmed BC and n = 2 did not receive a full cycle of vinor-
elbine thiotepa) and four patients presented exclusion crite-
ria (n = 2 with local recurrence without metastatic disease
and n = 2 with concomitant treatment for another neo-
plasm). A total of 137 patients were included in the final ana-
lysis (flowchart, Supplementary Figure S1).

The median age was 57 years (range 31-86). A large
majority of the patients (99.3%; n = 136/137) were women.
The most frequent histological type was invasive ductal car-
cinoma (83.2%; n = 114/137). Over two-thirds of the patients
(73.7%; n = 101/137) had hormone-positive BC, and approxi-
mately one quarter (24.1%; n = 33/137) had a TNBC. The
patients characteristics are detailed in Table 1.

One hundred and nine patients (79.6%) experienced
metastatic relapse after local treatment. Among this popula-
tion, the majority have received a neoadjuvant/adjuvant
chemotherapy (94.5%; n = 103/109). Among patients with
hormone-positive BC, most of them (74.7%; n = 59/79) have
received an endocrine therapy at early BC stage.

Before vinorelbine-thiotepa regimen, patients have
received a median of 2 [0-8] previous systemic therapeutic
lines for MBC. All enrolled patients had received prior tax-
anes and/or anthracyclines. Twenty-two patients treated for
a hormone receptor positive-BC were previously treated by
an endocrine therapy associated with a cdk4/6 inhibitor
(n = 22/101; 21.8%).

At the initiation of vinorelbine-thiotepa treatment, more
than half of the patients (56.2%; n = 77/137) had at least
three different metastatic sites. Cerebral-meningeal involve-
ment affected over a third of the patients (34.3%;
n = 47/137): 45/47 patients (95.7%) had brain metastasis,
17/47 patients (36.2%) had leptomeningeal carcinomatosis
including 15/47 patients (31.9%) with both metastatic sites.
Majority of them (74.5%; n = 35/47) were treated with con-
current encephalic radiotherapy treatment (whole brain radi-
ation therapy or stereotaxic radiotherapy). A small proportion
of patients underwent cerebral surgery and post-operative
radiotherapy (13.3%; n = 6/45). Fourteen patients (82.4%;
n = 14/17) have been treated with intrathecal chemotherapy
in case of leptomeningeal carcinomatosis in combination
with intravenous vinorelbine-thiotepa.

Efficacy

Median follow-up was 4.7 years (interquartile range (IQR),
3.8; NR). The median PFS was 4.4 months [95% Cl, 3.7-5.1] in
the overall populations (Figure 1(A)) and 3.6 months [95% Cl,
2.6-5.2] in the CNS-metastasis population (Figure 1(B)). The
median OS was 12.7 months [95% Cl, 10.7-15.6] in the over-
all population and 10.3 months [95% Cl 6.9-13.4] in the CNS-
metastasis population (Supplementary Figure S2A and S2B).

The median PFS in highly pretreated patients (n = 49),
who had received at least three previous lines of systemic
therapy at the metastatic stage, was 3.5 months [95% Cl,
3.0-4.6]. The median PFS in patients with metastatic-TNBC
(n = 33) was 4.5 months [95% Cl, 2.4-6.4].
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Table 1. Patients’ characteristics.
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N (%) N (%)

Overall Population with

population CNS-metastasis

n =137 n =47
Age, years, median (range) 57 (31-86) 57 (31-86)
Female 136 (99.3) 47 (100)
Histology®
Invasive ductal carcinoma 114 (83.2) 39 (83)
Invasive lobular carcinoma 17 (12.4) 6 (12.8)
Other 6 (4.4) 2 (4.2)
Hormone-receptor status®
Hormone-receptor positive® 101 (73.7) 30 (63.8)
Triple-negative breast cancer® 33 (24.1) 16 (34)
Missing/other 3(2.2) 1(2.1)
Early breast cancer treatment 109 (79.6) 39 (83)
Chemotherapy 103 (94.5) 39 (100)
Radiotherapy 95 (87.1) 37 (94.9)
Surgery 107 (98.2) 39 (100)
Endocrine therapy 59 (74.7) 26 (86.7)
Prior taxane or anthracycline therapy 137 (100) 47 (100)
Metastatic disease at diagnosis 28 (20.4) 8 (17)
Metastatic sites (excluding CNS)
Bone only 14 (10.2) 1(2.1)
Visceral onlyd 42 (30.6) 15 (31.9)
Bone and visceral 81 (59.1) 31 (66)
Number of metastatic sites
<3 sites 60 (43.8) 11 (23.4)
>3 sites 77 (56.2) 36 (76.6)
CNS metastasis
Cerebral metastasis 45 (32.8) 45 (95.7)
Leptomeningeal carcinomatosis 17 (12.4) 17 (36.2)
Both 15 (10.9) 15 (31.9)
Number of cerebral metastasis
1 7 (5.1) 7 (15.5)
2-5 12 (8.8) 12 (26.7)
>5 26 (19.0) 26 (57.8)
Concurrent cerebral-meningeal treatments
Intrathecal chemotherapy 14 (10.2) 14 (29.8)
Radiotherapy 35 (25.5) 35 (74.5)
Surgery and radiotherapy 6 (4.4) 6 (12.8)
No. of prior systemic therapies at metastatic stage, median (range) 2 (0-8) 2 (0-5)
0 24 (17.5) 17 (36.2)
1-2 64 (46.7) 23 (48.9)
>3 49 (35.8) 7 (14.9)
Prior endocrine therapy with a Cdk4/6 inhibitor 22 (21.8) 6 (12.8)

CNS: central nervous system.
“Histology of the primitive tumor.

PHormone-receptor status was defined by local immunohistochemistry results.
“Triple-negative breast cancer was defined as estrogen-receptor and progesterone-receptor and HER2 negative, as defined by local test

results. HER2 denotes human epidermal growth factor 2.
9Including skin and lymph nodes metastasis.

Safety

All patients were included in the safety analysis (n = 137,
Table 2). Grade 3 or 4 adverse events occurred in 48/137
(35.0%) patients. The most common grade >3 adverse event
was hematotoxicity. Adverse events led to dose reduction in
50/137 (36.5%) patients and to discontinuation in 7/137
(5.1%) patients. Twenty-three (16.8%) of these dose reduc-
tions were due to hematotoxicity. No adverse event lead to
death.

Discussion

This retrospective study was conducted to evaluate the effi-
cacy and the safety profile of the vinorelbine-thiotepa
chemotherapy regimen in MBC. In this large real-life cohort,
the combination of vinorelbine and thiotepa demonstrated

efficacy in terms of PFS and OS for MBC but was also associ-
ated with significant toxicity.

Despite vinorelbine has failed to show superiority com-
pared to other single-agent chemotherapy in patients with
previously treated MBC [18], its efficacy was found to be
closed to eribulin’s in a phase Ill randomized trial from Yuan
et al. in heavily pretreated patients [28]. Median PFS and OS
observed in our study was numerically longer than what was
reported in the phase Il trial (2.8 and 12.5 months, respect-
ively) [28]. Dual chemotherapy regimens containing vinorel-
bine have shown activity in the treatment of MBC [17-19,29].
Thiotepa’s lipophilic structure enables it to readily penetrate
the BBB [21]. As a result, it holds great promise for treating
MBC with CNS metastases. Thiotepa and vinorelbine combin-
ation has been studied in a phase Il trial [26] including only
32 patients mainly pretreated with anthracyclines, which
reported a median PFS of six months [95% CI 1-20] and an
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Figure 1. (A) Progression-free survival in the overall population. (B) Progression-free survival in patients with central nervous system metastasis.

Table 2. Safety profile.

Grade >3 (n = 137)

Any event 48 (35)
Hematotoxicity 36 (26.3)
Perineural neuropathy 7 (5.1)
Digestive toxicity 9 (6.6)
Dose reduction 50 (36.5)
Causes of dose reduction

Hematotoxicity 23 (16.8)
Perineural neuropathy 8 (5.8)
Digestive toxicity 7 (5.1)
Unknown 14 (10.2)
Discontinuation due to toxicity 7 (5.1)

Grade according to Common Terminology Criteria for Adverse Events
(CTCAE) V5.0.

overall ORR of 28% [95% Cl 12-44]. This led our center to
adopt vinorelbine thiotepa as a treatment option for MBC
patients, particularly those with CNS metastases.

In this extensive real-world retrospective cohort, we
included unselected patients with several unfavorable prog-
nostic factors and a history of multiple prior lines of therapy.

While performance status data were unavailable, it
appears that this cohort encompassed a more vulnerable
and heavily pretreated patient population compared to the
one in the phase Il study [26]. This difference in patient char-
acteristics could account for the comparatively modest out-
comes in terms of PFS. In this setting, a median PFS of
4.4 months and OS of 12.7 months are noteworthy. Of note,
in CNS-metastatic patients, the median PFS and median OS
achieved 3.6 months and 10.3 months. These findings sug-
gest that this chemotherapy regimen may demonstrate effi-
cacy in treating MBC with CNS metastasis. In the subgroup
of metastatic-TNBC, the median PFS was 4.5 months, which
is comparable to the PFS achieved with capecitabine [30].

Intravenous and oral vinorelbine have similar efficacy but
different safety profiles [31]. In this study, the treatment was

administered intravenously, but it could be administered
orally without anticipated variance in efficacy. However, the
safety profile of the vinorelbine and thiotepa combination
exhibited notable toxicity, with 35% of the patients experi-
encing grade >3 adverse events.

Our study is subject to several limitations, primarily stem-
ming from its retrospective design and single-center setting.
Due to significant heterogeneity in radiological evaluation
methods and a substantial amount of missing data, we were
unable to assess the radiological ORR reliably. Considerable
heterogeneity between patients was also observed in terms
of prior chemotherapy regimens administered and tumor
types. Besides given the extensive inclusion period, it is
important to note that the study sample may not fully repre-
sent a typical patient with MBC. Indeed only 21.8% of the
patients with a hormone positive BC received cdk 4/6 inhibi-
tor associated with endocrine therapy in the metastatic
stage, which is currently the standard of treatment. The
recent introduction of novel therapies, such as immune
checkpoint inhibitors [14] and PARP inhibitors [32], to the
therapeutic toolkit for addressing MBC, further complicates
the interpretation of these findings. Another limitation is the
potential for confusion bias caused by the administration of
other concurrent local treatments such as intrathecal chemo-
therapy, surgery, and/or radiotherapy in the population with
CNS metastases. Consequently, while the results in this sub-
group are remarkable, it would be challenging to draw con-
clusions regarding the benefits of thiotepa for patients with
CNS metastases.

As vinorelbine has been shown to be effective in treating
MBC [16], the observed antitumor effect may be solely attrib-
uted to vinorelbine, and the contribution of adding thiotepa
to the treatment is uncertain. The true benefits of this com-
bination therapy can only be established through a



prospective randomized clinical trial involving a cohort of
pre-treated MBC patients who are randomly assigned to
receive either vinorelbine and thiotepa or vinorelbine and a
placebo.

To the best of our knowledge, this study represents the
first report demonstrating the clinical benefits of vinorelbine
thiotepa in a substantial real-life cohort of patients with
MBC. This study suggests that vinorelbine thiotepa might be
effective in this setting and especially in patient with CNS
metastasis. Nonetheless, we recognize the limitations inher-
ent in our study, and we emphasize the need for future pro-
spective and comparative studies to comprehensively
evaluate the potential of this treatment approach.

Ethics statement

All alive patients received written information and provided their oral
consent for data collection. Patients’ clinical charts were retrospectively
collected from electronic files using a de-identified form. This study was
approved by the Ethical Review Board of the French College of
Gynecologists and Obstetricians (2022-GYN-0304). In accordance with
the STROBE (Strengthening the Reporting of Observational Studies in
Epidemiology) guidelines, we have structured the reporting of our
study to ensure comprehensive and transparent presentation of our
research methodology and findings (STROBE checklist: cohort studies,
Supplementary Table S1).

Author contributions

Rebecca Loison: conceptualization, data curation, formal analysis, investi-
gation, methodology, resources, visualization, writing original draft, and
writing review and editing. Baptiste Abbar: formal analysis, data curation,
methodology, visualization, and writing review and editing. Leonor
Drouin, Charlotte Bonnet-Bensimon, Caroline Cuvier, Sylvie Giacchetti,
and Marc Espie: resources and writing review and editing. Luis Teixeira:
conceptualization, investigation, methodology, project administration,
resources, supervision, validation, visualization, and writing review and
editing. Victoire De Castelbajac: conceptualization, investigation, meth-
odology, project administration, resources, supervision, validation, visual-
ization, and writing review and editing.

Disclosure statement

BA has received consultant or advisory role fees or meeting invitations
from Novartis, Astellas, Sanofi, AstraZeneca, Janssen, MSD, Pfizer, IPSEN
Pharma, and Takeda. SG has received consultant or advisory role fees or
travel accommodations from Novartis, EISAl, MSD, and Viatris. LT has
received consultant or advisory role fees or travel accommodations or
research grants from AZD, Daiichi, Gilead, MSD, Novartis, Pfizer, Roche,
Pfizer, and Mylan. RL, LD, CBB, CC, and VDC have declared no conflict of
interest. All authors have declared no conflicts of interest directly related
to this study.

Funding

None.

ORCID

Rebecca Loison
Baptiste Abbar

http://orcid.org/0000-0002-4679-5940
http://orcid.org/0000-0002-5907-8131

ACTA ONCOLOGICA 1965

Data availability statement

The data that support the findings of this study are available from the
corresponding author, BA, upon reasonable request.

References

[11  Ferlay J, Ervik M, Lam F, et al. Observatoire mondial du cancer.
«Cancer Today». Lyon: Centre International de Recherche sur le
Cancer; 2020.

[2]  Kennecke H, Yerushalmi R, Woods R, et al. Metastatic behavior of
breast cancer subtypes. J Clin Oncol. 2010;28(20):3271-3277. doi:
10.1200/JC0.2009.25.9820.

[3] Lobbezoo DJA, van Kampen RJW, Voogd AC, et al. Prognosis of
metastatic breast cancer: are there differences between patients
with de novo and recurrent metastatic breast cancer? Br J
Cancer. 2015;112(9):1445-1451. doi: 10.1038/bjc.2015.127.

[4] Tabouret E, Chinot O, Metellus P, et al. Recent trends in epidemi-
ology of brain metastases: an overview. Anticancer Res. 2012;
32(11):4655-4662.

[5] Kuksis M, Gao Y, Tran W, et al. The incidence of brain metastases
among patients with metastatic breast cancer: a systematic
review and meta-analysis. Neuro Oncol. 2021;23(6):894-904. doi:
10.1093/neuonc/noaa285.

[6] Franzoi MA, Hortobagyi GN. Leptomeningeal carcinomatosis in
patients with breast cancer. Crit Rev Oncol Hematol. 2019;135:
85-94. doi: 10.1016/j.critrevonc.2019.01.020.

[71  Corti C, Antonarelli G, Criscitiello C, et al. Targeting brain metasta-
ses in breast cancer. Cancer Treat Rev. 2022;103:102324. doi: 10.
1016/j.ctrv.2021.102324.

[8] Steeg PS. The blood-tumour barrier in cancer biology and ther-
apy. Nat Rev Clin Oncol. 2021;18(11):696-714. doi: 10.1038/
s41571-021-00529-6.

[91 Deeken JF, Loscher W. The blood-brain barrier and cancer: trans-

porters, treatment, and Trojan horses. Clin Cancer Res. 2007;13(6):

1663-1674. doi: 10.1158/1078-0432.CCR-06-2854.

Finn RS, Martin M, Rugo HS, et al. Palbociclib and letrozole in

advanced breast cancer. N Engl J Med. 2016;375(20):1925-1936.

doi: 10.1056/NEJMo0a1607303.

Bardia A, Hurvitz SA, Tolaney SM, et al. Sacituzumab govitecan in

metastatic triple-negative breast cancer. N Engl J Med. 2021;

384(16):1529-1541. doi: 10.1056/NEJM0a2028485.

Rugo HS, Bardia A, Tolaney SM, et al. TROPiCS-02: a phase llI

study investigating sacituzumab govitecan in the treatment of

HR+/HER2- metastatic breast cancer. Future Oncol. 2020;16(12):

705-715. doi: 10.2217/fon-2020-0163.

Modi S, Saura C, Yamashita T, et al. Trastuzumab deruxtecan in

previously treated HER2-positive breast cancer. N Engl J Med.

2020;382(7):610-621. doi: 10.1056/NEJM0a1914510.

Cortés J, Cescon DW, Rugo HS, et al. LBA16 KEYNOTE-355: final

results from a randomized, double-blind phase Ill study of first-

line pembrolizumab + chemotherapy vs placebo + chemother-
apy for metastatic TNBC. Ann Oncol. 2021;32:51289-51290. doi:
10.1016/j.annonc.2021.08.2089.

Gennari A, André F, Barrios CH, et al. ESMO clinical practice

guideline for the diagnosis, staging and treatment of patients

with metastatic breast cancer. Ann Oncol. 2021;32(12):1475-1495.
doi: 10.1016/j.annonc.2021.09.019.

Pellerino A, Interno V, Mo F, et al. Management of brain and

leptomeningeal metastases from breast cancer. Int J Mol Sci.

2020;21(22):8534. doi: 10.3390/ijms21228534.

Gregory R, Smith I. Vinorelbine - a clinical review. Br J Cancer.

2000;82(12):1907-1913. doi: 10.1054/bjoc.2000.1203.

Xu Y-C, Wang H-X, Tang L, et al. A systematic review of vinorel-

bine for the treatment of breast cancer. Breast J. 2013;19(2):180-

188. doi: 10.1111/tbj.12071.

Domenech GH, Vogel CL. A review of vinorelbine in the treat-

ment of breast cancer. Clin Breast Cancer. 2001;2(2):113-128. doi:

10.3816/CBC.2001.n.016.

(10

(1]

[12]

[13]

[14]

[15]

(16l

[171

[18]

[19]


https://doi.org/10.1080/0284186X.2023.2260943
https://doi.org/10.1200/JCO.2009.25.9820
https://doi.org/10.1038/bjc.2015.127
https://doi.org/10.1093/neuonc/noaa285
https://doi.org/10.1016/j.critrevonc.2019.01.020
https://doi.org/10.1016/j.ctrv.2021.102324
https://doi.org/10.1016/j.ctrv.2021.102324
https://doi.org/10.1038/s41571-021-00529-6
https://doi.org/10.1038/s41571-021-00529-6
https://doi.org/10.1158/1078-0432.CCR-06-2854
https://doi.org/10.1056/NEJMoa1607303
https://doi.org/10.1056/NEJMoa2028485
https://doi.org/10.2217/fon-2020-0163
https://doi.org/10.1056/NEJMoa1914510
https://doi.org/10.1016/j.annonc.2021.08.2089
https://doi.org/10.1016/j.annonc.2021.09.019
https://doi.org/10.3390/ijms21228534
https://doi.org/10.1054/bjoc.2000.1203
https://doi.org/10.1111/tbj.12071
https://doi.org/10.3816/CBC.2001.n.016

1966 R. LOISON ET AL.

[20]

[21]

[22]

[23]

[24]

[25]

IARC Working Group on the Evaluation of Carcinogenic Risks to
Humans. Pharmaceutical drugs (IARC monographs on the
evaluation of the carcinogenic risks to humans, no. 50).
Thiotepa. Lyon, France: International Agency for Research on
Cancer; 1990.

Heideman RL, Cole DE, Balis F, et al. Phase | and pharmacokinetic
evaluation of thiotepa in the cerebrospinal fluid and plasma of
pediatric patients: evidence for dose-dependent plasma clearance
of thiotepa. Cancer Res. 1989;49(3):736-741.

Pace A, Fabi A. Chemotherapy in neoplastic meningitis. Crit Rev
Oncol Hematol. 2006;60(3):194-200. doi: 10.1016/j.critrevonc.
2006.06.013.

Scordo M, Wang TP, Ahn KW, et al. Outcomes associated with thi-
otepa-based conditioning in patients with primary central ner-
vous system lymphoma after autologous hematopoietic cell
transplant. JAMA Oncol. 2021;1(7):993-1003.

Chahal J, Stopeck A, Clarke K, et al. Intravenous thiotepa for
treatment of breast cancer-related leptomeningeal carcinoma-
tosis: case series. Neurol Sci. 2015;36(9):1691-1693. doi: 10.1007/
s10072-015-2259-1.

Comte A, Jdid W, Guilhaume MN, et al. Survival of breast cancer
patients with meningeal carcinomatosis treated by intrathecal thi-
otepa. J Neurooncol. 2013;115(3):445-452. doi: 10.1007/s11060-
013-1244-x.

[26]

[27]

[28]

[29]

[30]

31]

[32]

Fabi A, Tonachella R, Savarese A, et al. A phase Il trial of vinorel-
bine and thiotepa in metastatic breast cancer. Ann Oncol. 1995;
6(2):187-189. doi: 10.1093/oxfordjournals.annonc.a059115.

Dabi Y, Thubert T, Fuchs F, et al. How is functioning the ethical
review board «Comité d’Ethique Pour La Recherche En
Obstétrique Et Gynécologie» (CEROG)? J Gynecol Obstet Hum
Reprod. 2022;51(4):102352. doi: 10.1016/j.jogoh.2022.102352.
Yuan P, Hu X, Sun T, et al. Eribulin mesilate versus vinorelbine in
women with locally recurrent or metastatic breast cancer: a rando-
mised clinical trial. Eur J Cancer. 2019;112:57-65. doi: 10.1016/j.ejca.
2019.02.002.

Martin M, Ruiz A, Munoz M, et al. Gemcitabine plus vinorelbine ver-
sus vinorelbine monotherapy in patients with metastatic breast can-
cer previously treated with anthracyclines and taxanes: final results of
the Phase Ill Spanish Breast Cancer Research Group (GEICAM) trial.
Lancet Oncol. 2007;8(3):219-225. doi: 10.1016/51470-2045(07)70041-4.
Chan A, Verrill M. Capecitabine and vinorelbine in metastatic
breast cancer. Eur J Cancer. 2009;45(13):2253-2265. doi: 10.1016/
j.ejca.2009.04.031.

Bonneterre J, Penel N. Vinorelbine in breast cancer. Expert Opin
Pharmacother. 2008;9(16):2901-2910. doi: 10.1517/14656566.9.16.2901.
Collet L, Péron J, Penault-Llorca F, et al. PARP inhibitors: a major
therapeutic option in endocrine-receptor positive breast cancers.
Cancers. 2022;14(3):599. doi: 10.3390/cancers14030599.


https://doi.org/10.1016/j.critrevonc.2006.06.013
https://doi.org/10.1016/j.critrevonc.2006.06.013
https://doi.org/10.1007/s10072-015-2259-1
https://doi.org/10.1007/s10072-015-2259-1
https://doi.org/10.1007/s11060-013-1244-x
https://doi.org/10.1007/s11060-013-1244-x
https://doi.org/10.1093/oxfordjournals.annonc.a059115
https://doi.org/10.1016/j.jogoh.2022.102352
https://doi.org/10.1016/j.ejca.2019.02.002
https://doi.org/10.1016/j.ejca.2019.02.002
https://doi.org/10.1016/S1470-2045(07)70041-4
https://doi.org/10.1016/j.ejca.2009.04.031
https://doi.org/10.1016/j.ejca.2009.04.031
https://doi.org/10.1517/14656566.9.16.2901
https://doi.org/10.3390/cancers14030599

	Vinorelbine thiotepa in metastatic breast cancer: a large real-life retrospective study
	Background
	Materials and methods
	Study design and patients
	Study treatment
	Endpoints
	Statistical analysis

	Results
	Patient characteristics
	Efficacy
	Safety

	Discussion
	Ethics statement
	Author contributions
	Disclosure statement
	Funding
	Orcid
	References


