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Intrathecal Therapy Options for Meningeal Carcinomatosis

Intrathekale Therapieoptionen bei Meningeosis carcinomatosa
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ABSTRACT

Around 5 percent of all patients with metastatic breast cancer
go on to develop distant metastases in the meninges, also
known as meningeal carcinomatosis. The median survival of

these patients is between 3.5 and 4.5 months. Current treat-
ment approaches are based on radiotherapy, systemic and
intrathecal therapy. Methotrexate, liposomal cytarabine and
trastuzumab are the most common substances used for
intrathecal therapy. The aim of this review was to provide an
overview of these intrathecal therapy options for meningeal
carcinomatosis. A systematic search of the literature was car-
ried out in PubMed using the following search terms: “menin-
geal metastases”, “meningeal carcinomatosis”, “leptomenin-
geal metastasis”, “leptomeningeal carcinomatosis”, “lepto-
meningeal disease”, “breast cancer”, “MTX”, “methotrexate”,
“DepoCyte”, “liposomal cytarabine”, “trastuzumab” and “anti-
HER2”. This search resulted in 75 potentially relevant studies,
11 of which were included in this review after meeting the
previously determined inclusion and exclusion criteria. The
studies differ considerably with regards to study design, co-
hort size, and dosages of administered drugs. In principle, in-
trathecal therapy has a tolerable side-effects profile and offers
promising results in terms of the median overall survival fol-
lowing treatment with trastuzumab for HER2-positive primary
tumors. The focus when treating meningeal carcinomatosis
must be on providing a multimodal individual therapeutic ap-
proach. However, comprehensive studies which compare the
efficacy and side effects of individual pharmaceuticals are lack-
ing. Because of the poor prognosis associated with meningeal
carcinomatosis, an approach which treats only the symptoms
(best supportive care) should always be considered and dis-
cussed with affected patients.

ZUSAMMENFASSUNG

Bei etwa 5 Prozent aller Patientinnen mit metastasiertem
Mammakarzinom kommt es zu einer Fernmetastasierung in
die Hirnhaute, der sogenannten Meningeosis carcinomatosa.
Das mediane Uberleben dieser Patientinnen liegt bei 3,5 bis
4,5 Monaten. Aktuelle Therapieansdtze basieren auf einer
strahlentherapeutischen, systemischen sowie intrathekalen
Behandlung. Fiir letzteres sind unter anderem die Wirkstoffe
Methotrexat, liposomales Cytarabin und Trastuzumab erhalt-
lich. Ziel dieser Ubersichtsarbeit ist es, einen Uberblick iber
diese intrathekalen Therapieoptionen bei der Meningeosis car-
cinomatosa zu geben. Dafiir wurde eine systematische Litera-
turrecherche in der Datenbank PubMed mittels folgender Be-
griffe durchgefiihrt: ,meningeal metastases, ,meningeal car-
cinomatosis“, ,leptomeningeal metastasis“, ,leptomeningeal

Marowsky M et al. Intrathecal Therapy Options ... Geburtsh Frauenheilk 2024; 84: 59-67 | © 2023. The Author(s).

59


https://doi.org/10.1055/a-2185-0457

@ Thieme

carcinomatosis“, ,leptomeningeal disease“, ,breast cancer”,
LMTX“, ,Methotrexate“, ,DepoCyte“, ,liposomal cytarabine®,
JIrastuzumab“ und ,Anti-HER2*. Hieraus ergaben sich 75 po-
tenziell relevante Studien, von denen nach den zuvor fest-
gelegten Ein- und Ausschlusskriterien 11 in diese Ubersichts-
arbeit eingeschlossen wurden. Die Studien variieren stark in
Bezug auf das Studiendesign, die KollektivgroRe sowie ver-
wendete Dosierungen der Arzneimittel. Die intrathekale The-
rapie zeigt grundsatzlich ein tolerierbares Nebenwirkungsprofil
mit vielversprechenden Ergebnissen im Hinblick auf das me-

diane Gesamtiiberleben fiir den Arzneistoff Trastuzumab bei
HER2-positiven Primartumoren. Ein multimodaler individueller
Ansatz der Therapie sollte im Fokus bei der Behandlung der
Meningeosis carcinomatosa stehen. Es mangelt allerdings an
Studien, um Wirkungen und Nebenwirkungen der einzelnen
Arzneistoffe fundiert vergleichen zu kénnen. Aufgrund der
schlechten Prognose der Meningeosis carcinomatosa sollte ein
rein symptomatischer Therapieansatz (Best Supportive Care)
immer in Betracht gezogen und mit den Patientinnen dis-
kutiert werden.

Introduction

According to the Center for Cancer Registry Data of the Robert
Koch Institute, breast cancer is the most common cancer in wom-
en in Germany, with around 70000 new cases occurring every year
[1]. This means that statistically every eighth woman will develop
breast cancer in her lifetime. Men are affected significantly less of-
ten with just 720 new cases per year, which corresponds to around
1% of all new cases of breast cancer annually [1]. Important factors
affecting prognosis include the extent tumor spread (TNM classifi-
cation) and the tumor biology at diagnosis. The course of disease
depends materially on whether distant metastasis is present or not
[2]. Five percent of all cases go on to develop meningeal carcino-
matosis, i.e., distant metastases in the meninges [3]. Because of
the high incidence of breast cancer worldwide, breast cancer is
the most common primary tumor associated with meningeal car-
cinomatosis [3, 4, 5, 6]. Median patient survival after distant me-
tastasis of a solid tumor in the meninges has been diagnosed is
between 3.5 and 4.5 months [7, 8, 9]. This poor prognosis is why
a successful treatment strategy is so important for meningeal car-
cinomatosis. According to the recommendations of the German
Gynecological Oncology Working Group (AGO), there are three
different options to treat meningeal carcinomatosis [10]. Radio-
therapy is one option. If radiotherapy is chosen, it can consist of
focal, whole brain or neuraxial radiation therapy, depending on
the location of the metastases [10]. The second treatment ap-
proach is systemic chemotherapy. To treat meningeal carcinoma-
tosis effectively with systemically administered cytostatic agents,
the drugs must be able to cross the blood-brain barrier. Because
this requirement makes it more difficult to administer systemic
chemotherapy, there is a third treatment option: intrathecal che-
motherapy. The choice of drugs used for intrathecal therapy in-
cludes methotrexate as well as trastuzumab for HER-2 positive pri-
mary tumors [10]. A number of studies have also reported using
cytarabine [11, 12, 13]. Cytarabine is administered in the form of
liposomal depots (DepoCyte) to ensure sustained maintenance of
the cytotoxic concentration of the agent in cerebrospinal fluid
[14]. Cytarabine is currently no longer available in Europe. This re-
view aims to provide an overview of intrathecal therapy options
for meningeal carcinomatosis along with the range of associated
side effects. However, in view of the poor prognosis of meningeal
carcinomatosis, whether treatment is indicated must be weighed
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Methotrexate [Title/Abstract]) OR
DepoCyte [Title/Abstract]) OR
liposomal cytarabine [Title/Abstract]) OR
Trastuzumab [Title/Abstract]) OR
Anti-HER2 [Title/Abstract])

» Fig. 1 Search strategy.

up very carefully; a palliative treatment approach should always
also be considered and should be discussed with the patient [10].

Review
Method

A systematic search of the literature in PubMed was carried out on
16 September 2022. The only publications included in this review
were published after 2010 in English or German. Publications
where the primary tumor of the patient cohort was breast cancer
and patients were diagnosed with meningeal carcinomatosis were
included. Exclusion criteria were no intrathecal drug administra-
tion or medications which differed from those previously decided
on at the start of the review.

The systematic search of the literature in PubMed was carried
out in English using the following terms: “meningeal metastases”,
“meningeal carcinomatosis”, “leptomeningeal metastasis”, “lepto-
meningeal carcinomatosis”, “leptomeningeal disease”, “breast
cancer”, “MTX”, “methotrexate”, “DepoCyte”, “liposomal cytara-
bine”, “trastuzumab” and “anti-HER2”. The detailed search strat-
egy is shown in » Fig. 1.

The systematic search of the literature in the PubMed database
using the search strategy shown in » Fig. 1 resulted in 75 poten-
tially relevant search results. Based on previously determined ex-
clusion criteria, 56 studies were excluded after their titles and
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abstracts were reviewed or were removed due to duplication. The
remaining 19 studies were evaluated using the full text. Eleven
studies, which included a total of 763 patients, were ultimately in-
cluded in the review (» Fig. 2). The study design, the size of the
patient cohort, and the investigated parameters varied strongly
(» Table 1).

Forms of administration

All included studies used intrathecal therapy, although the studies
differed in the chosen form of administration. 202 patients re-
ceived intrathecal therapy administered by means of recurrent
lumbar punctures [13, 17, 18, 20]. 54 patients received the drugs
through a ventricular reservoir, and Oberkampf et al., Freyer et al.
and Figura et al. explicitly reported that they used an Ommaya
reservoir [13, 17, 21, 22]. Four studies included no further infor-
mation on how the drug was administered intrathecally [12, 15,
19, 23].

Overall, administration-related side effects were rarely investi-
gated in the studies. Le Rhun et al. reported that no reservoir-
induced meningitis was observed and none of the reservoirs
required revision [13]. Figura et al. reported an infection of the
Ommaya reservoir in two patients, requiring removal of the shunt,
administration of intravenous antibiotics and shunt replacement
with resumption of intrathecal therapy after the infection had
been eliminated [22]. According to the literature, an Ommaya res-
ervoir should, in principle, ensure a more homogeneous diffusion
in cerebrospinal fluid than a lumbar puncture [24, 25].

Methotrexate

Both Gauthier et al. and the case report by Meissner and Addeo
investigated the option of intrathecal (IT) methotrexate [19, 20].
Two studies compared methotrexate with other treatment options
[18, 22]. They are described in more detail under the heading
“Comparison of intrathecal substances”. In the clinical study by
Gauthier et al., the mean age of patients was 53 years (range: 30-
78). Most patients had hormone receptor-positive HER2-negative

»Table 1 Study characteristics.

Systematic search

of database
(n=75)
v Excluded studies (n = 56)
Screening using » Article not relevant
title/abstract —» » No intrathecal administration
(n=75) » Other medications
» Duplicates

Excluded studies (n=8)
v » Full text not available in
Full text screening English/German
(n=19) » Primary tumor was not breast cancer
» Study discontinued because
of lack of participants

v
Included studies
(n=11)

» Fig. 2 Flow chart of the selection process, number=n.

tumor biology (70% ER-positive; 44% PR-positive; 10% HER2-posi-
tive). 78% of patients additionally received systemic therapy based
on the treatment they had previously received. 29% additionally
received cerebral, spinal or combined radiotherapy [20]. The com-
bination of cerebrospinal radiotherapy with intrathecal administra-
tion was also used in the two cases presented by Meissner and
Addeo [19]. However, the methotrexate dose in the case report by
Meissner and Addeo was 12.5 mg once a week for 6 to 8 weeks
[19]. In contrast, Gauthier et al. administered 15 mg/day metho-
trexate (on days 1-5), hydrocortisone acetate (on day 1 to prevent
arachnoiditis) and oral folinic acid (on days 1-5), and this regimen
was repeated every two weeks. The administration of methotrex-
ate was continued until neurological progression or recurrence

Author (year) Study design N

Zagouri et al. Meta-analysis 24 studies,
(2020) [15] 58 patients
Pappa et al. Case report 1 patient
(2019) [16]

Oberkampf Phase Il study 19 patients
et al. (2022)

(7]

Intrathecal drugs

Trastuzumab
monotherapy (n=20)
Combined with sys-
temic therapy (n=37)

Trastuzumab

Trastuzumab

Investigated
parameters

Clinical
development

oS

PFS-CNS
Cerebrospinal fluid
MRI

Evaluation was
carried out for
the entire cohort

Side effects

PFS-CNS

oS

Toxicity
Quality of life
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Results

Clinical symptoms: significant improvement
in 55%

0S: 13.2 months

PFS-CNS: 5.2 months

CSF: response 55.6%,

MRI: improvement/stable 70.8 %

An evaluation of the group with trastuzumab
monotherapy or combined with other
systemic therapies was not carried out.

Possible drug-induced aseptic meningitis

PFS: 5.9 months

0S: 7.9 months
CTCAE toxicity: <3
Quality of life: stable
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»Table 1 continued

Author (year)

Study design

Intrathecal drugs

Niwinska et al. Observational 149 patients MTX (n=281) vs.
(2015) [18] study (96 had liposomal cytarabine
intrathecal (n=15);
therapy) Systemic therapy
(n=77) vs.
no systemic therapy
(n=72);
WBRT vs. no WBRT
Meissner and Case report 2 patients MTX + radiotherapy
Addeo (2016)
[19]
Le Rhun et al. Randomized 73 patients Syst. therapy
(2020) [13] controlled (37 in control (control group) vs.
study group; liposomal cytarabine +
36 in treat- syst. therapy

ment group)

(treatment group)

Laakmann et al.  Case report 2 patients Liposomal cytarabine

(2017) [12]

Gauthier et al. Clinical trial 91 patients MTX + hydrocortisone

(2010) [20] acetate + folinic acid
(oral)

Freyer et al. Case report 1 patient Trastuzumab

(2014) [21]

Figura et al. Comparative 56 patients Trastuzumab (n=18)

(2019) [22] study Methotrexate (n=14)
Thiotepa (n=1)
WBRT alone (n=23)

Carausu et al. Retrospective 312 patients MTX/thiotepa/

(2021) [23] analysis cytarabine

Investigated
parameters

(O

oS

0sS
Quiality of life

PFS

oS
Prognostic factors

Side effects

PFS-CNS

0sS
Prognostic factors

Results

(O

MTX: 4.2 months

Liposomal cytarabine: 4.6 months
Systemic therapy: 6 months

No systemic therapy: 2 months
WBRT: 4.6 months

No WBRT: 3.2 months

Os:
case 1: 17 years
case 2: 8 years

(O

control group: 4 months*

treatment group: 7.3 months*

HR =0.55, 95% ClI: 0.31-0.96, p=0.04
No difference in quality of life

PFS-CNS
case 1: 73 days
case 2: 18+ months

Median survival: 4.5 months, Unfavorable
prognostic factors at diagnosis: performance
status, more than 3 chemotherapies prior to
MC diagnosis, negative hormone receptor
status, high CYFRA 21-1 level

Possible drug-induced aseptic meningitis

Significant difference in PFS-CNS

6-month survival rates of 44%, 18% and 26%
for IT trastuzumab, IT chemotherapy

(MTX or thiotepa) and WBRT, respectively

OS:

MTX: 5.2 months™ thiotepa/cytarabine:
3.5 months™

HR 1.68, 95% Cl: 1.28-2.22; p<0.001
Prognostic factors:

triple-negative tumor biology

>3 treatment lines prior to IT therapy
>3 metastases

IT thiotepa/cytarabine instead of MTX

CFS = cerebrospinal fluid; CTCAE = Common Terminology Criteria of Adverse Events; IT = intrathecal; MC = meningeal carcinomatosis; MTX = methotrexate;
OS = overall survival; PFS-CNS = progression-free survival-central nervous system; WBRT =whole brain radiotherapy

* statistically significant

occurred or as long as the patient’s general state of health was
compatible with further treatment [20].

At the time of drafting the article, the two patients of Meissner
and Addeo had already survived 8 and 17 years, respectively, after
completing treatment, and they were in complete clinical and
radiological remission at the time of publication [19]. Gauthier et
al. reported a median survival of 4.5 months (range 0-53 months)
[20]. In the case report by Meissner and Addeo, IT methotrexate
was generally tolerated very well with no serious side effects [19].
The retrospective comparative study by Figura et al. reported

on a case with possibly chemically-induced meningitis as a con-
sequence of IT methotrexate therapy, which was treated with ste-
roids [22].

Liposomal cytarabine

Le Rhun et al. and Laakmann et al. reported on the intrathecal ad-
ministration of liposomal cytarabine [12, 13]. The overwhelming
majority of patients had breast cancer with hormone receptor-
positive, HER2-negative tumor biology. In a randomized controlled
study, Le Rhun et al. compared systemic monotherapy with sys-
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temic therapy combined with IT liposomal cytarabine. The sys-
temic therapy was selected prior to randomization according to
the molecular tumor characteristics, prior treatment lines and the
patient’s general state of health. The mean age of their patient co-
hort on inclusion in the study was 50.2 years (range: 29.7-84.1),
and the primary tumor was usually invasive non-special type (NST)
breast cancer [13]. A dosage of 50 mg IT liposomal cytarabine ad-
ministered every 14 days was used in both the randomized con-
trolled study and in the case report by Laakmann et al. [12, 13].
The two cases presented by Laakmann et al. additionally received
systemic therapy and radiotherapy [12].

Evaluation of the randomized controlled study showed that the
addition of IT liposomal cytarabine to systemic therapy improved
the progression-free interval for the central nervous system (PFS-
CNS) (control group: median PFS-CNS 2.2 months; treatment
group: median PFS-CNS 3.8 months). The median overall survival
was 4.0 months (95% Cl: 2.2-6.3 months) for the control group
compared to 7.3 months (95% Cl: 3.9-9.6 months) for the treat-
ment group [13]. In the case report by Laakmann et al., case 1
had an overall survival of 79 days and case 2 had progression-free
survival of more than 18 months. Both cases of Laakmann et al.
showed rapid neurological response to therapy. According to the
authors, this could be due to the rapid start of multimodal treat-
ment following the diagnosis [12].

Infections classified as grade 3 or higher according to the Com-
mon Terminology Criteria of Adverse Events (CTCAE) were de-
tected in 11% of the patients of Le Rhun et al. The most common
CTCAE grade 3 toxicities were hematological side effects (72%),
typically consisting of decreased lymphocyte numbers as well as
one case with neutropenia [13]. Laakmann et al. additionally re-
ported that case 2 experienced headache, nausea, dizziness, and
double vision during treatment. Overall, however, therapy was well
tolerated [12].

Trastuzumab

Four studies investigated the use of IT trastuzumab in cases whose
primary tumor was HER2-positive breast cancer [15, 16, 17, 21].
Despite the considerable variations in study designs, the meta-
analysis of Zagouri et al. and the phase Il study by Oberkampf et
al. showed similarities in terms of their patient cohorts. Mean pa-
tient age at the start of the therapy was 50.7 years (range: 24-80
years) [15] and 51.2 years (range: 34.8-70.7), respectively [17].
All patients in both studies had HER2-positive breast cancer as
their primary tumor. 32% of the patients of Oberkampf et al. were
treated with IT methotrexate, IT liposomal cytarabine or IT thiote-
pa before receiving IT trastuzumab [17]. In the patient cohort of
Zagouri et al., 21.7% had previously received methotrexate admin-
istered either intravenously or intrathecally [15]. Only 34.5% of pa-
tients in the study by Zagouri et al. and 32% in the phase Il study
received no additional therapy for meningeal carcinomatosis dur-
ing IT trastuzumab therapy [15, 17]. In addition to IT trastuzumab,
most cases in the study by Zagouri et al. and the study by Ober-
kampf et al. received some form of systemic therapy consisting of
chemotherapy, endocrine or anti-HER?2 targeted therapy as well as
radiotherapy of the brain. Oberkampf et al. administered 150 mg
trastuzumab every week intrathecally for a period of 8 weeks. The

administered dose of 150 mg was determined in the phase | study
of Bonneau et al. [26]. In their study, the maximum dose used to
achieve the desired concentration in cerebrospinal fluid was
150 mg and there were no cases of dose-limiting toxicity [26]. The
meta-analysis included numerous studies which meant that dos-
ages differed considerably as did the periods of administration.
Zagouri et al. therefore reported a mean total dose of intrathecally
administered trastuzumab of 711.9 mg (SD 634.9, median 450).
By comparison, the calculated total dose in the study by Ober-
kampf et al. was 1200 mg (8 x 150 mqg).

The meta-analysis by Zagouri et al. showed that treatment led
to a significant clinical improvement in 55% of patients. MR
imaging showed partial remission or stable status in 70.8% of
cases. A response in cerebrospinal fluid was found in 55.6% of
cases. Median overall survival was 13.2 months and PFS-CNS was
5.2 months [15]. Oberkampf et al. found that after 8 weeks of
treatment 74% of patients (n = 14) had no clinical neurological
progression. The median PFS-CNS was 5.9 months and the median
overall survival was 7.9 months [17].

Both Oberkampf et al. and Zagouri et al. reported that the
overall safety profile of IT trastuzumab was tolerable [15, 17]. The
meta-analysis showed that there were no serious adverse events
in 87.9% of cases. No toxicity higher than grade 3 CTCAE occurred
[15]. Side effects which may have been related to the treatment
included: headache, seizures, and allergic reactions. These oc-
curred in 5% of cases [17]. Independently from one another, Freyer
et al. and Pappa et al. reported the occurrence of drug-induced
aseptic meningitis, probably induced by trastuzumab [16, 21].
Following the diagnosis of drug-induced aseptic meningitis, Freyer
et al. discontinued treatment with intrathecal trastuzumab in a
43-year-old patient. The patient had received an initial dose of
30 mg IT trastuzumab through an Ommaya reservoir and devel-
oped the first symptoms within two hours of starting treatment
[21]. In contrast, Pappa et al. reported that treatment could be
continued despite the occurrence of side effects from IT trastuzu-
mab administration. The 36-year-old patient in their case report
received 150 mg IT trastuzumab every week for a period of
8 weeks. After the fifth injection, the patient was diagnosed with
drug-induced meningitis. As the therapy was successful, treat-
ment with IT trastuzumab was continued without further adverse
events [16].

Comparison of intrathecal substances

Figura et al. found significant differences in PFS-CNS, with
6-month rates of 44 %, 18% and 26 % (p = 0.04) for IT trastuzumab,
IT chemotherapy (methotrexate or thiotepa) and whole brain
radiotherapy, respectively. The 6- and 12-month overall survival
rates were 67% and 39%, 31% and 54%, and 10% and 19% for IT
trastuzumab therapy, IT chemotherapy and whole brain radiother-
apy alone. There were no significant differences between the three
treatment groups with regards to patient age, Karnofsky Perfor-
mance Status, the presence of parenchymatous cerebral metas-
tases or the administration of systemic therapy at the time of
treatment for meningeal carcinomatosis. The primary tumor of
most patients in the IT trastuzumab treatment group was hor-
mone receptor-positive and HER2-positive breast cancer. The
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primary tumor of patients in the other two groups was hormone
receptor-positive and HER2-negative breast cancer. IT methotrex-
ate was administered at a dosage of 12 mg per week. One patient
received 10 mg thiotepa twice a week. Most patients (n=20; 87 %)
who received whole brain radiotherapy received 30 Gy in 10 frac-
tions or 37.5 Gy in 15 fractions. IT trastuzumab was initially ad-
ministered in doses of between 20 and 50 mg. Patients received IT
trastuzumab twice a week for four weeks, then weekly for four
weeks and finally every two weeks for four weeks. After the initial
treatment phase, patients usually continued to receive treatment
consisting of 80 mg every 2 weeks or once a month [22]. This was
the lowest administered maximum dose in all of the studies
included in this review. In the phase Il study by Oberkampf et al.,
patients received 150 mg per week and the efficacy and side
effects profile was similar [17].

In their prospective observational study, Niwifiska et al. investi-
gated the efficacy of different treatment strategies in 149 patients
with meningeal carcinomatosis [18]. The study differentiated be-
tween patients who received liposomal cytarabine (n = 15) and
those who received methotrexate (n = 81). A multimodal treat-
ment strategy was used for all patients, meaning that most pa-
tients received systemic therapy (n = 77) or radiotherapy (n = 92)
in addition to intrathecal therapy. Systemic therapy was individu-
ally adapted to patients’ general state of health and the respective
tumor biology of the breast cancer. The overwhelming majority of
patients had hormone receptor-positive, HER2-negative breast
cancer. Methotrexate was administered twice a week at a dose of
10 mg including 4 mg dexamethasone in the first two weeks and
then, after clinical improvement, once a week until a total dose of
150 mg was reached. Liposomal cytarabine was administered at a
dose of 50 mq every 2 weeks for a total of 5 sessions and was then
administered once every 4 weeks until disease progression oc-
curred. Niwinska et al. concluded that of all the treatment meth-
ods, only systemic therapy prolonged survival in the patient co-
hort they studied. The overall survival (OS) of patients treated with
intrathecal methotrexate and of patients who received liposomal
cytarabine was comparable (IT methotrexate = 4.2 months; IT
liposomal cytarabine = 4.6 months). The OS of patients who re-
ceived systemic therapy was 6 months whereas the OS of patients
who did not receive systemic therapy was only 2 months [18]. The
case report of Laakmann et al. and the prospective observational
study of Le Rhun et al. also studied overall survival following the
administration of liposomal cytarabine. The results reported by
Niwinska et al. differ from those reported by Laakmann et al. and
Le Rhun et al. In their studies, the authors found that the use of IT
liposomal cytarabine led to a significant prolongation of the
originally expected median overall survival [12, 13].

Carausa et al. also reported contrary findings in their study and
their results are discussed in more detail in the chapter “Prognos-
tic factors”. The use of IT cytarabine or thiotepa in the study by
Carausa et al. resulted in an overall survival of 3.5 months,
whereas the administration of intrathecal methotrexate resulted in
an overall survival of 5.1 months. No detailed information on the
dosages and time periods of the treatment regimen are provided
[23].

»Table 2 Prognostic factors.

Prognostic factor Wertung

Curie score (Gauthier et al., 2010) [20]

Hormone receptor status negative=1;
positive =0

ECOG status 34=1;0,12=0

Number of previous chemotherapy lines >3=1;<3=0

CYFRA 21-1 level >4ng/ml=1;
<4ng/ml =0

Carausu et al. (2021) [23]

Triple-negative breast cancer negative

Number of treatment lines prior to IT therapy >3 = negative

Additional metastases >3 = negative

Administration of IT cytarabine/
thiotepa versus MTX

negative

Note: Curie score: good prognosis: 0-1; moderate prognosis: 2;
poor prognosis: 3-4

Prognostic factors

Guthier et al. and Carausu et al. attempted to identify prognostic
factors which would allow them to define subgroups suitable for
specific therapy concepts [20, 23]. Using multivariate analysis,
Guthier et al. was able to identify four prognostic factors which
were independently associated with overall survival: hormone re-
ceptor status, performance status (ECOG status), number of pre-
vious chemotherapy lines, and CYFRA 21-1 levels in cerebrospinal
fluid at the time of diagnosis. The performance status was deter-
mined using the ECOG performance status (ECOG). According to
Gauthier et al., unfavorable prognostic factors at diagnosis were
ECOG status > 2, more than three chemotherapies prior to being
diagnosed with meningeal carcinomatosis, negative hormone re-
ceptor status, and a high CYFRA 21-1 level. Based on these four
prognostic factors, Gauthier et al. calculated a Curie score, a prog-
nostic score which allowed patients to be in divided into one of
three groups according to their prognosis (poor, moderate or
good). Each factor was weighted equally as it had a similar impact
on overall survival in the study. The total score was calculated
using the sum of the hormone receptor status (negative = 1 and
positive = 0), ECOG status (3,4 =1und 0, 1, 2 = 0), previous hum-
ber of lines of chemotherapy (more than three previous lines = 1;
fewer or equal to three lines = 0), and initial CYFRA 21-1 in
cerebrospinal fluid (> 4 ng/ml = 1) (» Table 2). As CYPFRA 21-1,
a cytokeratin 19 fragment, is not routinely determined in patients
with meningeal carcinomatosis, a simplified score without CYFRA
21-1 was also used. To justify their inclusion of CYFRA 21-1 as a
prognostic factor, Gauthier et al. referred to the study by Klee
et al., in which it was suggested that CYFRA 21-1 levels could
reflect the tumor burden in cerebrospinal fluid [20, 27].

This simplified Curie score was validated in the study by
Carausu et al. The authors were able to confirm the prognostic
role of the score; however, the calculated C index was low at 0.57.
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When the Curie score was applied to the patient cohort of Carausu
et al., it was significantly prognostic for overall patient survival. Be-
cause there were only a few patients with a score of 3, Carausu
et al. divided patients into just three risk groups according to their
score (0, 1 or 2-3, respectively). 12.8% of patients had a Curie
score of 0 and a median OS of 13.2 months; 39.4 % of patients had
a score of 1 and a median OS of 5.0 months and 47.8 % of patients
had a score of 2-3 and a median OS of 3.5 months [23].

Carausu et al. also evaluated their own patient cohort using
multivariate analysis. A total of 312 patients, most with hormone
receptor-positive, HER2-negative subtypes, received either intra-
thecal methotrexate, thiotepa or cytarabine (liposomal or non-
liposomal). Significant prognostic factors associated with a poorer
outcome in multivariate analysis were triple-negative breast can-
cer as the primary tumor, =3 previous treatment lines prior to IT
therapy, = 3 additional metastases, and the use of IT cytarabine or
thiotepa versus methotrexate; concurrent systemic therapy was
associated with a better overall survival (> Table 2) [23].

Gauthier et al. and Carausu et al. pointed out that their patient
cohorts already had pre-existing unfavorable prognostic factors
[20, 23]. The validation of the Curie score illustrates the difficulty
of developing a universally applicable prognostic scoring system
for disease when the amount of data is so limited [23]. A number
of variables (hormone receptor status, histological subtype, prior
therapy) have not yet been fully investigated, making it difficult to
ensure that the score is reliable.

Quality of life

In their respective studies, Oberkampf et al. and Le Rhun et al.
came to the conclusion that patients’ overall quality of life can be
maintained during intrathecal therapy [13, 17]. Le Rhun et al. de-
termined that there was no difference in quality of life between
the cohort which received IT therapy and the control group,
although the treatment group suffered from more CTCAE grade 3
infections. Le Rhun et al. ascribed this to the prolongation of pro-
gression-free survival following intrathecal treatment [13].

Discussion

In principle, intrathecal therapy has a tolerable side-effects profile
and offers particularly promising results for cases treated with tras-
tuzumab for HER2-positive primary tumors. A basic advantage of
liposomal cytarabine compared to trastuzumab is, however, that
administration is only carried out every two weeks. For patients,
this means fewer treatment sessions. But it is important to be
aware when administering liposomal cytarabine that there have
been repeated supply shortages and the substance is currently not
available on the European market [13, 28].

When looking at the comparisons between the studies in-
cluded in our review, it is important to be aware that the charac-
teristics of the patient cohorts in the studies were very hetero-
geneous, and the administered doses and forms of administration
varied considerably. Moreover, the systematic literature search
was only carried out in PubMed, and evaluated results were taken
exclusively from articles written in German or English. This means
that other potentially relevant studies in other databases and other
languages were not included.

In the longer term, prospective studies could look at reported
differences in the forms used to administer therapy and determine
the optimal means of administering IT therapy for meningeal car-
cinomatosis and could focus on the advantages and disadvantages
of the different forms of administration used.

Current studies are also looking at the use of immune check-
point inhibitors. The first studies on the use of immune checkpoint
inhibitors in patients with melanoma and meningeal carcinomato-
sis have been published. In their phase 1/1b study, Glitza Oliva
et al. reported on 25 melanoma patients with meningeal carcino-
matosis who received the PD-1 inhibitor nivolumab. In this study,
nivolumab was initially administered intrathecally for one cycle
and then additionally administered intravenously in all subsequent
cycles. The results indicate that intrathecal and intravenous ad-
ministration of nivolumab led to an improvement in overall sur-
vival. The median overall survival achieved in the study was
4.9 months. No dose-limiting toxicities occurred when a maxi-
mum dose of 50 mg intrathecal nivolumab was administered [29].

The results obtained in the randomized study by Boogerd et al.
contrast with the promising results for intrathecal therapy options
discussed above. Patients with meningeal carcinomatosis and
breast cancer were randomized into an intrathecal (n=17) and a
non-intrathecal (n=18) therapy group. Treatment in both groups
was based on systemic therapy and radiotherapy. One group addi-
tionally received intrathecal treatment with MTX. Boogerd et al.
found that intrathecal therapy did not lead to any improvement in
overall survival (OS intrathecal: 18.3 weeks; OS non-intrathecal:
30.3 weeks) [30].

Randomized prospective studies of homogeneous patient co-
horts which look at the currently available treatment options for
meningeal carcinomatosis and compare them are currently lack-
ing. Such studies would permit an evidence-based evaluation of
intrathecal treatment options. As such studies are difficult to carry
out because of the low incidence of meningeal carcinomatosis, we
recommend that patients with meningeal carcinomatosis are
entered in the Brain Metastases in Breast Cancer BMBC Register
[31]. A large number of well-documented cases would make it
possible, in future, to analyze subgroups with comparable prog-
nostic factors. This would allow conclusions about the efficacy and
side effects of intrathecal and systemic chemotherapy and radio-
therapy to be drawn. The significant interest in further studies is
confirmed by the results of a survey by the Breast International
Group. A total of 241 institutions participated in the survey which
offers an overview of the current management of meningeal carci-
nomatosis patients. More than 90% of the participating institu-
tions were interested in participating in a register and supported
further studies into meningeal carcinomatosis [32]. Future studies
should also focus on patients’ quality of life under different ther-
apy strategies.

Conclusion

Individual studies show that early multimodal therapy which in-
cludes radiotherapeutic, systemic and/or intrathecal treatment
leads to better overall patient survival [12, 13, 23]. However, ran-
domized controlled studies which could support these results are
lacking. The long-term creation of a prognostic score could help
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identify individual subgroups for whom certain treatment strate-
gies would be especially effective. The focus should always be on
an individual multimodal therapeutic approach which reflects the
usually palliative nature of the situation.
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