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Abstract

Background Kaposiform hemangioendothelioma (KHE) is a rare vascular tumor affecting infants and young children.
Although benign, it can be associated with an aggressive locally growing tumor and/or a life-threatening Kasabach—Merritt
phenomenon (KMP). To date, only reviews of limited cases have been performed. We, therefore, conducted a comprehensive
literature search to collect relevant data and make recommendations for future treatment trials.

Methods Review of the available literature between 1993 and 2017 revealed a total of 105 publications involving 215 patients
of less than 21 years of age. To this, we added 12 from our department and 4 from the Cooperative Weichteilsarkomstudie
database.

Results We found that KMP was present in 79% of the infants, in 47% of the 1-5-year olds, in 43% of the 6—12-year olds,
and in 10% of the 13-21-year-old patients. KMP was present in nearly all (94%) patients with retroperitoneal tumors and in
all patients with extra-regional tumors. The median size of a KHE without KMP was 12 cm? as compared to 49 cm? when
associated with a KMP. With complete (not further classifiable if RO or R1) resection, all patients were cured. If inoperable,
response regarding KMP/regression of tumor size was seen in 29/28% with steroid-, 47/39% with vincristine-, 44/43% with
interferon alpha-, 65/61% with anti-platelet agents-, and in 97/100% with sirolimus-containing therapies.

Conclusions Patients with progressive KHE should undergo resection whenever it is considered a safe option. If inoperable,
sirolimus should be the first choice for treating KMP and reducing tumor size.
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Introduction mass [1]. Tumors can be located superficially in the skin or

deeper in the extremities, head/neck, trunk, retroperitoneum,
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mediastinum, bone or other organs [1]. Multifocality has
also been described [2]. Although benign, these tumors can
be associated with severe morbidity and mortality. Due to
abnormal growth of capillary endothelial cells, up to 70%
of the patients suffer from a Kasabach—Merritt phenomenon
(KMP) with thrombocytopenia and coagulopathy [3]. Up
to 30% of the affected patients die often as a result of the
associated coagulopathy [1, 3, 4]. The association between a
vascular tumor and a KMP has thus far only been detected in
patients with KHE and those with tufted angioma [5] (now
actually recognized as a continuum of the same vascular
tumor [4, 6]).

To distinguish KHE from hemangioma or other vascu-
lar malformations or tumors, a histopathologic evaluation
should be carried out. However, if KMP is present and there
is a potential risk for bleeding, then biopsy may be omit-
ted since KMP is exclusively secondary to KHE or tufted
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angiomas but not to infantile hemangiomas [5]. KHE is char-
acterized by a vascular spindle-shaped cell proliferation and
is similar to Kaposi sarcoma-like fascicular cells and their
surrounding lymphatic vessels as first described by Zucker-
berg et al. [3, 7, 8].

In contrast to hemangioma, KHE only infrequently under-
goes spontaneous regression. Even with effective treat-
ment, the tumors never totally regress [9, 10]. As KHE is
potentially life threatening and there is the possibility of
tumor progression if untreated, early intervention is man-
datory. However, since KHE is rather rare and with only
case reports and only one smaller metaanalysis published to
date, no evidence-based treatment strategies have yet been
established. The most important treatment options discussed
are steroids, vincristine, interferon alpha and sirolimus [3, 4,
11-26]. Whereas steroids as single agents have been rather
ineffective with low response rates up to about 10-30% [11,
27, 28], there are reports that vincristine is much more effec-
tive [11, 12, 15] with response rates between 62 and 100%
[11, 14, 15, 27, 28]. In 2013, a consensus statement was
published, recommending vincristine 0.05 mg/kg/week and
steroids (oral prednisolone 2 mg/kg/day or i.v. methylpredn-
islone 1.6 mg/kg/day) for patients with KMP and oral pred-
nisolone for patients with growing tumor or symptoms not
due to KMP [4]. An excellent long-term outcome regarding
KMP had also been reported as a result of adding aspirin and
ticlopidine to vincristine (VAT), although no effect was seen
in reduction of tumor size [13]. Recent publications reported
sirolimus as safe and highly efficient in treating KMP and
achieving tumor shrinkage [21-25, 29-31].

To learn more about KHE, both with and without the
KMP, we conducted a literature search and combined these
data with that from our own patients. Information was col-
lected with regard to localisation, tumor size, the presence of
KMP, treatment modality, response and long-term outcome.

Methods

Data were collected retrospectively from 12 children from
our own Department for Pediatric Hematology and Oncol-
ogy in the Dr. von Hauner Children’s Hospital and 4 chil-
dren from other participating centers of the Cooperative
Weichteilsarkomstudie (CWS) database in Germany.

To get more information about KHE with and without
KHP, we conducted a systematic literature review in the
medline database (http://www.ncbi.nlm.nih.gov/pubmed/).
We identified a further 215 affected children from a review
of 105 papers published between 1993 and December 2017.
We started our literature search in 1993 since Zukerberg
et al. first characterized KHE as a separate tumor entity at
that time [7]. Inclusion criteria were histologically proven

KHE, age below 21 years and publications written in Ger-
man or English language.

We collected the following data: age, sex, localisation
and size of the tumor, presence of KMP, therapy, response
and outcome. Tumor localisation was defined as follows:
extremities, trunk, head/neck, retroperitoneum, mediasti-
num, organ related (e.g., heart, kidney, gut, pancreas) and
bone. Larger than 1 region (> 1 region) means that the tumor
exceeds the edges of the original organ (T4 according to the
TNM classification).

To evaluate the size of the tumor, the surface area was
calculated. When multiple measurements were given, the
biggest stated dimension was used. Depth-related informa-
tion was only provided in a few cases and, thus, this could
not be included in the analysis.

KMP was defined as positive when thrombocytopenia
(<100 x 10%/uL) and abnormalities in coagulation param-
eters were reported.

Statistical methods

For statistical analysis, PRISM 6.0 (GraphPad, San Diego,
USA) was used. P values were calculated using the non-
parametric Mann—Whitney U test and the two-tailed Fisher's
exact test. P values were not calculated where only purely
descriptive data was available. Response was defined 1) for
KMP: resolvement of the coagulation disorder and 2) for
tumors: any shrinkage of the size of the tumor. Evaluation
according the RECIST (Response Evaluation Criteria in
Solid Tumors) criteria was not possible due to missing or
incomplete datasets. For outcome, the following items were
defined: ANED: alive with no evidence of disease, ARD:
alive with residual disease, AWD: alive with disease, DOD:
died of disease, DUC: died of unknown/unrelated cause.

Results
KHE and age-dependent tumor location

The median age at diagnosis, age distribution, sex, and
tumor location for the 215 patients from the literature review
and the 16 patients from the Munich/CWS study group are
shown in Table 1. About 2/3 of all patients were infants
(66% of 231 patients) with decreasing numbers with older
age. In infants (153 patients), most tumors were located in
the extremities (25%), trunk (29%) and head/neck (18%). In
toddlers (1-5 years), KHE was mostly located in the head/
neck area (47% of 43 patients). With increasing age, most
tumors were found in the extremities again. Organ related,
retroperitoneal or mediastinal tumors were only found in
those less than 6 years old.
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Table 1 Median age at diagnosis, age distribution, sex, tumor loca-
tion of the 215 patients from the literature review and of the 16
patients from the Munich/CWS study group

Variables Literature review Munich/CWS study group
Number of patients 215 16
Median age (range) Smon (0-20y) 4 mon (0-5y)
Age (y), n (%)
<1 142 (67) 11 (69)
1-5 38 (16) 531
6-12 21 (10)
13-20 10 (5)
Age 42
Gender, n (%)
Female 88 (41) 8 (50)
Male 114 (53) 8 (50)
Unknown 13 (6)
Tumor location, n (%)
Extremities 62 (29) 3(19)
Head/neck 53 (25) 4 (25)
Trunk 45 (21) 8 (50)
Retroperitoneum 16 (7)
Mediastinum 914
Organ 914
Bone 5@2)
Multifocality 73)
> 1 region 914 1(6)

KMP and age and location

KMP was found in about 2/3 of all patients (67% of 231)
and 68 (29%) patients had no KMP (Table 2). The older
the patient the lower is the incidence of KMP. KMP was
diagnosed in 79% of 142 infants, in 47% of 38 toddlers
(1-5 years), in 43% of 21 patients (6—12 years) and in 10% of
10 adolescents (13-21 years). The median age of the patients
with KMP was 2 months and without KMP 22.5 months
(P<0.0001) (data not included).

Nearly, all children with tumor located in the retroperi-
toneum (15/16), with multifocality (6/7) or region exceed-
ing tumors (9/9) had a KMP. None of the 5 patients with
KHE within the bone without other tissue involvement had
a KMP. Tumors located within the extremities (65% of 63
patients), trunk (77% of 53 patients), mediastinum (67% of
9 patients) or head/neck (58% of 57 patients) had a similar
incidence of a KMP.

KMP and size

The next question was whether the size of the tumor has
an impact on the incidence of KMP. Forty-four patients
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Table 2 Incidence of Kasabach—Merritt phenomenon (KMP)

Variables Literature review Own patients (n=16)
(n=215)
KMP, n (%)
Yes 143 (67) 11 (69)
No 63 (29) 530D
No information 94)

KMP and platelet counts, n/n (%)

Informations avail-

87/143 (61)

11/11 (100)

able
Median platelet 14 (1-82) 3 (9-28)
counts (X 103/;.1L)
(range)
KMP and sex, n/n (%)
Male 72/114 (63) 4/11 (36)
Female 64/88 (73) 7/11 (64)
Unknown 4/4 (100)
KMP and age (y), n/n (%)
<1 112/142 (79) 9/11 (82)
1-5 18/38 (47) 2/5 (40)
6-12 9/21 (43)
13-20 1/10 (10)
Unknown 4/4 (100)
Tumor location and KMP, n/n (%)
Extremities 39/62 (63) 2/3 (67)
Head/neck 31/53 (58) 2/4 (50)
Trunk 34/45 (76) 7/8 (88)
Retroperitoneum 15/16 (94)
Mediastinum 6/9 (67)
Organ 3/9 (33)
Bone 0/5 (0)
Multifocality 6/7 (86)
>1 region 9/9 (100) 0/1 (0)

had sufficient information available to calculate tumor
size. The median tumor size for these patients was 27 cm?
(range 1-600 cm?). There was a clear correlation between
the appearance of KMP and increasing tumor size. KHE
without KMP had a median size of 12 cm? (25%-quantile
4.0 cm?-75%-quantile 26.85 cm?) and KHE with KMP
48.75 cm? (25%-quantile 24.0 cm?-75%-quantile 82.5 cm?)
(P=0.0003) (Fig. 1).

Treatment options

The most interesting question is how to treat these patients.
The strategies reported can be divided into 3 groups: 1)
resection/interventional procedures, embolization or liga-
tion, 2) irradiation and 3) drugs (especially those with anti-
angiogenetic effects, chemotherapy agents or coagulation
affecting substances) (Table 3).
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Fig. 1 Kaposiform hemangioendothelioma (KHE) without Kasabach-
Merritt phenomenon (KMP) had a median size of 12 cm?, KHE with
KMP 49 cm? (n = 44) (P=0.0003)

Table 3 The treatment strategies and number of cycles used

Treatment strategy Number of cycles: Number of cycles:

literature own patients
(Partial) Resection 56 5
Embolization 20
Amputation 5
Ligation 1
Compression 1
Sclerotherapy 1
Laser therapy 1 4
Radiotherapy 13 1
Corticosteroids 108 8
Interferon alpha 59 5
Interleukin-2 1
Propranolol 18 1
Platelet aggregation 33 5
inhibitors (aspirin,
ticlopidine, dipy-
ridamole, pentoxy-
phylline)
Antifibrinolytics 11 1
(tranexamic acid,
aminocaproic acid)
Celecoxib 2 2
Bevacizumab 2
Thalidomide 2
Vincristine 87 14
Cyclophosphamide 9 10
Actinomycin D 5 6
Paclitaxel 1
Cisplatin 1
Doxorubicin 1
VP-16 1
Sirolimus 33 1

The most frequently used strategies were (in descend-
ing order): steroids, vincristine, interferon alpha, resection,
platelet aggregation inhibitors, sirolimus, embolization
and propranolol. In most cases, a combination of different

strategies was used. The most important combinations were
steroids/vincristine (in 38 cases), steroids/interferon alpha
(23 cases) and vincristine/aspirin/ticlopidin (VAT, 16 cases).

Therapeutic response in KHE and KMP

In 13 patients (6% of 231 patients), no treatment was given.
Two infants both with retroperitoneal tumors died, one at
the age of 8 days due to intracranial bleeding and the other
in utero. The remaining 11 patients had a tumor located in
the extremities (4 patients), trunk (4 patients), head/neck (2
patients) and organ related (1 patient: intracardial). None of
these patients had a KMP. Two patients (one with a head/
neck tumor and one with a trunk tumor) had a spontaneous
regression of the tumor and the other 9 had a stable disease
or slight tumor progression within the recorded observation
times of between 6 months to 6 2 years.

In 18% of 231 children, a complete resection was possi-
ble. Fourteen of those 42 had a KMP. With complete resec-
tion, 38 patients were reported as cured with no relapse. For
the remaining 4 patients, data for response and outcome are
missing.

With steroids, 29% (monotherapy 32%, in combination
30%) of the children responded regarding KMP and 28%
(monotherapy 26%, in combination 28%) of children showed
tumor shrinkage (Table 4). For vincristine, 47% (monother-
apy 78%, in combination 43%) responded with respect to
the KMP and 39% (monotherapy 40%, in combination 39%)
with respect to regression of tumor size.

With interferon alpha, 44% (monotherapy 92%, in com-
bination 27%) achieved a response regarding KMP and
43% (monotherapy 75%, in combination 33%) achieved
regression of the tumour size. Embolization, radiotherapy
and propranolol had a KMP response and tumor shrinkage
in about 1/3 of the small studies performed (13-20 cases
each). Aspirin as anti-platelet agent either in combination
with ticlopidin or with dipyridamol had a response in about
2/3 of the 23 cases involved.

There were 34 patients treated with sirolimus, 29 with
monotherapy, 5 in combination with vincristine or steroids
or vincristine combined with cyclophosphamide and steroids.
Thirty of the evaluable 31 patients had a response in KMP and
all 34 in tumor shrinkage. Of note is that the one patient with
no response only had sirolimus for 7 days.

Comparison of the effect of steroids, vincristine,
interferon alpha and sirolimus on tumor size

Comparison of monotherapies of interferon alpha, vincristine
and sirolimus to steroids (Table 5) demonstrated a highly signifi-
cant treatment benefit of sirolimus with respect to tumor shrink-
age. Interferon alpha was also significantly better than steroids.
There was no difference between vincristine and steroids.
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Table 4 Therapeutic response of Kasabach—-Merritt phenomenon
(KMP) and shrinkage of tumor size

Variables Evaluable cycles Response of  Shrinkage of
KMP tumor size
Steroids, n/n Monotherapy (26)  6/19 (32) 6/23 (26)
(%) In combination (87) 21/75 (30)  23/82 (28)
Total: 113 27/94 (29) 29/105 (28)
Vincristine, n/n  Monotherapy (16)  7/9 (78) 6/15 (40)
(%) In combination (76) 29/68 (43)  28/72 (39)
Total: 92 36/77 (47) 34/87 (39)
Interferon Monotherapy (11) 11/12 (92) 9/12 (75)
alpha, n/n (%)  In combination (54) 9/33 (27) 14/42 (33)
Total: 65 20/45 (44) 23/54 (43)
Embolization,  Monotherapy (1) 1/1 (100) 1/1 (100)
nin (%) In combination (19) 4/16 (25) 4/17 (24)
Total: 20 5/17 (29) 5/18 (28)
Radiotherapy, =~ Monotherapy (3) 3/3 (100) 3/3 (100)
nin (%) In combination (12) 3/11 (27) 3/11 (27)
Total: 13 6/14 (43) 6/14 (43)
Propranolol, n/n  Monotherapy (6) 1/6 (17) 1/5 (20)
(%) In combination (13) 4/12 (33) 4/13 (31)
Total: 19 5/18 (28) 5/18 (28)
Anti-platelet Monotherapy (6) 5/6 (83) 5/6 (83)
agents, n/n In combination (18) 10/17 (59) 9/17 (53)
%) Total: 24 1523 (65)  14/23 (61)
Sirolimus, n/n ~ Monotherapy (29)  25/26 (96) 29/29 (100)
(%) In combination (5)  5/5 (100) 5/5 (100%)
Total: 34 30/31 (97) 34/34 (100)

Table 5 Results monotherapy-response of tumor size to interferon
alpha, vincristine and sirolimus compared to steroids

Variables Steroids: Interferon  Vincristine  Sirolimus
control alpha (n=15) (n=29)
group (n=12)

(n=23)
Tumor size response
Yes 6 9 6 29
No 17 3 9 0

Response 0.26 0.75 0.40 1.00

rate

Odds ratio 1.0 8.5 1.9 158.8

compared
to steroids

95% con- N/E 1.7-42.3 0.5-7.6 8.4-2997

fidence

interval
P value N/E 0.01 0.48 < 0.001
N/E not evaluable
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Table 6 Results monotherapy-response of Kasabach—Merritt phe-
nomenon (KMP) to interferon alpha, vincristine and sirolimus com-
pared to steroids

Variables Steroids: Interferon  Vincristine  Sirolimus
control alpha (n=9) (n=26)
group (n=12)

(n=19)
KMP response
Yes 6 11 7 25
No 13 1 2 1

Response 0.316 0.920 0.780 0.960

rate

Odds ratio 1.0 23.8 7.6 54.2

compared
to steroids

95% con- N/E 2.5-229.5 1.2-48.0 5.9-499.3

fidence

interval
P value N/E < 0.001 0.042 < 0.001
N/E not evaluable

Comparison of the effect of steroids, vincristine,
interferon alpha and sirolimus on response of KMP

Monotherapy treatment with interferon alpha, vincris-
tine and sirolimus all had a significantly higher probabil-
ity of KMP response as compared to steroid monotherapy
(Table 6).

Long-term outcome

Long-term outcome could be evaluated in 191 of the 231
patients with a median observation time of 18.5 months
(range 0 months—16 years). Of the 191 patients, 152 sur-
vived with no evidence of disease or with residual non-active
tumor (80%) (Table 7). Eighteen (9% of 191) of the children
died due to complications of the disease including intrac-
ranial bleeding (2), disseminated intravascular coagulation
(3), bleeding (2), intra-abdominal bleeding (1), pneumonia
due to aspiration (1), progression (1), intrauterine death (1),
sepsis (2) and compression of the respiratory tract (1). In 5
cases, the cause of death was not specified. One more patient
died of unknown causes but not due to KHE or KMP.

The prognosis was worst for patients with KHE located
in the retroperitoneum; 4 of the 14 patients died due to the
disease. The outcome was not different between the different
age groups (data not shown). 10 vs. 7% died in the group
with vs. without KMP.
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Table 7 Survival of the patients from the literature and own patients
Outcome ANED/ARD AWD DOD buC N/E Evaluable/whole group
Total, n (%) 152 (80) 21 (11) 18 (9) 1(0.5) 39 192
Outcome according to location, n (%)

Extremities 47 (84) 6(11) 3(5) 9 56

Trunk 35 (81) 6 (14) 2(5) 10 43

Head/neck 33 (79) 4(10) 6 (14) 15 42

Retroperitoneum 8 (57) 1(7) 4(29) 1(7) 2 14

Mediastinum 7 (88) 1(13) 8

Organ 8 (89) 1(11) 9

Bone 4 (80) 1(20) 5

> 1 region 4 (44) 2(11) 2(22) 1 9

Multifocal 6 (100) 1 6
Outcome with or without KMP, n (%)

Yes 101 (80) 11 9) 13 (10) 1(1) 28 126

No 48 (77), P=0.73 10 (16), P=0.20 4(7), P=0.62 6 62

N/E 3 1 5 9

ANED alive with no evidence of disease, ARD alive with residual disease, AWD alive with disease, DOD death of disease, DUC died of

unknown cause, KMP Kasabach—Merritt phenomenon, N/E not evaluable

Discussion

In this retrospective review of 231 children with KHE,
our special interest was to collect data to learn more about
KHE. As a result of this work, we were able to confirm
the infant predominance [1, 11, 12], since about 2/3 of our
patients with KHE were infants. The numbers decreased
with increasing age.

In infants, about 1/3 of the tumors were located either in
the extremities (25%) or in the trunk (29%) and about 20% in
the area of the head and neck. In toddlers (1-5 years), about
50% of the tumors were found in the area of the head and
neck. Organ-related, retroperitoneal or mediastinal tumors
were only found in patients younger than 6 years.

Our review also confirmed that infants and toddlers have
a higher risk of developing a KMP as compared to older
children [1]. We found that KMP was present in 79% of
infants, 47% of 1-5-year olds, 43% of 6-12-year olds, and
10% of 13-21-year olds.

There are special tumor presentations, which are associ-
ated with a higher incidence of KMP. Nearly all children
with tumors located in the retroperitoneum or with multi-
focality and all patients with region exceeding tumors had
a KMP. Sarkar et al. [5] found that retroperitoneal tumors
were associated with a high mortality up to 24% because of
bleeding or tumor invasion. Croteau et al. [1] showed that
retroperitoneal and intrathoracic KHE had a KMP in 85 and
100% of cases, respectively. No incidences of KHEs limited
to the bone (no other organ involvement) and KMP were
found in this analysis. This was also reported by Croteau
et al. [1]. In our analysis, tumors located in the extremities,

trunk or head/neck had a similar incidence of KMP (65 vs
77 vs 58%).

There is a significant correlation between the size of the
tumor and the incidence of KMP. We found that a KHE
without KMP had a median size of 12 cm?, whereas a KHE
with KMP had a median size of 49 cm?. Gruman et al. [32]
demonstrated the association of increasing tumor size and
incidence of KMP. However, this finding does not allow any
predictions, since there were patients in our database with
big tumors without KMP and vice versa. In addition, a KHE
can grow rapidly with a sudden appearance of a KMP.

Treatment of all patients with growing or symptomatic
tumors and/or KMP should be started as soon as possible.
We found that 9% of all patients died due to the disease.
This is was often due to the coagulation disorder since 8/18
died as a result of bleeding. However, we could not find a
difference in mortality between patients with KMP (10%)
and those without (7%).

From our data, we may conclude that all patients (includ-
ing those who are asymptomatic) with multifocality, with
retroperitoneal tumors, with tumors exceeding one region
and who are less than 6 years old should receive treatment
independent of tumor size as these patients have a very high
risk of developing a KMP. All other patients (i.e., > 6 years
old, asymptomatic tumors outside of the peritoneum or
retroperitoneal space, tumors confined to one region) may
benefit from a watch-and-wait strategy with strict control
intervals.

The best treatment option is complete resection as this
was curative in all patients studied. Thus, whenever possi-
ble, all patients with progressive KHE should be evaluated
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to determine if a complete resection without mutilation is
possible. However, with the data collected it could not be
clarified if there has to be a microscopically complete resec-
tion (RO) or if an R1 resection is enough.

If not resectable, we can confirm recent results that
sirolimus is the most effective systemic treatment modal-
ity [21-25, 29-31]. However, this is in contrast to the
metaanalysis of Liu et al. from 2016 [11, 28]. These
authors concluded that weekly vincristine has higher
response rates than corticosteroids, interferon, radiother-
apy, embolization, aspirin/ticlopidin and sirolimus. In our
analysis, with patients and data collected over the period
from 1993 to December 2017, response of the KMP vs.
regression of the tumor size was seen in 97 vs. 100% with
sirolimus, in 65 vs. 61% with anti-platelet agents, in 47 vs.
39% with vincristine, in 44 vs. 43% with interferon alpha,
in 43 vs. 43% with radiotherapy, in 29 vs. 28% with ster-
oids, in 29 vs. 28% with embolization and in 28 vs. 28%
with propranolol as single therapy and/or in combination
with other agents. The therapeutic effect of sirolimus was,
therefore, significantly greater than that of steroids with
regard to treating KMP and reducing tumor size.

The low response rates (< 30%) for steroids, radiother-
apy, propranolol and embolization lead to the conclusion
that these treatments should no longer be used as first-line
therapy, especially since some of them may cause long-
term complications [33]. In addition, interferon alpha
could also not be recommended due to its possible sig-
nificant neurological side effects [34]. Our findings rec-
ommending sirolimus as the first-line therapy are also not
in line with the consensus statement published 2013 from
Drolet et al. [4]. They recommended vincristine 0.05 mg/
kg/week and steroids (oral prednisolone 2 mg/kg/day or
i.v. methylprednislone 1.6 mg/kg/day) for patients with
KMP and oral prednisolone for patients with growing
tumors or symptoms not related to KMP.

In the meta-analysis of Liu et al. [11], 37 patients from
3 studies [29, 32, 35] were treated with sirolimus with a
response rate of 57% with a high heterogeneity. The aver-
age time until response was 25 days (range 8—64 days)
[29]. Kai et al. reported that all 6 infants refractory to at
least 2 other drugs responded to sirolimus [30]. In a pro-
spective phase II trial with sirolimus 10/10 patients with
KMP and 1 of 3 without KMP had a partial response of the
hematologic disorder associated with a tumor reduction
of >20% [29]. In a multicenter, retrospective study look-
ing at 52 patients with progressive KHE, sirolimus showed
clinical improvement in 96% after 6 months [31]. Short-
term steroids were given in addition in 21 patients with
KMP, with no effect with respect to better tumor shrink-
age. Importantly, there are no decisive data about the dura-
tion of sirolimus treatment. Currently, it is recommended
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that therapy is to be tailored to the individual response of
the patient.

A phase II study randomizing sirolimus and vincristine
started in 2017 and is still ongoing (Clinical Trials gov iden-
tifier NCT02110059). In contrast, the phase II study evaluat-
ing the safety and efficacy of sirolimus in complicated vas-
cular anomalies (NCT00975819) completed recruitment in
2014; the results are expected in 2019. Those results are
urgently needed.

Conclusions

In summary, we are able to show that sirolimus (starting
with 0.8 mg/m?/dose every 12 hours, trough level 10-15 ng/
mL) is the most effective therapy and would be an option for
first-line treatment in patients with non-resectable and pro-
gressive tumors with or without KMP. The role of steroids
in addition to sirolimus is not clear, but has at best an effect
on KMP but not on reducing tumor size. Prospective data
are urgently needed comparing the effects of vincristine/
steroids with sirolimus monotherapy or sirolimus/short-term
steroids.
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