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ABSTRACT
The metronomic therapy concept uses low doses of continuously
applied chemotherapeutic, anti-angiogenetic, and immunomodulat-
ing drugs. Twenty patients with recurrent and 3 with refractory high-
risk neuroblastoma were treated by the metronomic concept using
celecoxib, cyclophosphamide, vinblastine, and etoposide for up to
24 months. The outcome was compared to 274 matched patients with
a first recurrence from stage 4 neuroblastoma using the variables time
from diagnosis to first recurrence, number of organs involved, and
MYCN amplification. All were treated with dose-intensive conventional
chemotherapy. The study patients experienced 1–3 recurrences and had
1–3 sites involved (osteomedullary, primary tumor, central nervous sys-
tem, lymph nodes, liver, lungs) before the metronomic therapy started.
Two patients in complete remission and three with active refractory
disease following recurrence treatment were excluded from the out-
come analysis. The curves for secondary event-free and overall sur-
vival demonstrated no significant differences. The toxicity was minimal
except for �3 grade thrombocytopenia and leukopenia (all heavily pre-
treated). The treatment was realized in an outpatient setting. The metro-
nomic approach is similarly effective as standard treatment in recurrent
high-risk neuroblastoma, has low toxicity, and is applicable in an outpa-
tient setting. A prospective study including propranolol as a fifth drug is
underway.

Introduction

Neuroblastoma remains the second most frequent cause of cancer-related death in childhood
in Germany (10.4%) [1], although increasingly complex and aggressive treatment protocols
have been adopted during the recent decades. The overall 5-year survival rate of children with
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2 F. BERTHOLD ET AL.

high-risk neuroblastoma has been reported to be between 29% and 50% [2] and therefore
remains unsatisfactory. After relapse from high-risk disease, the outcome is even worse
(5-year overall survival rate of approximately 10%). Only small subgroups have a better
outlook [3].

Primary and acquired drug resistances are the likely reasons for tumor-related death during
or after intensive therapy. The current maximum tolerated dose (MTD) concept aims to over-
come drug resistances by using higher doses, but requires breaks between the cycles. Metro-
nomic chemotherapy is characterized by frequent, continuous low dosing of cytotoxic and
other repositioned drugs (i.e., originally used for other indications). From experience with
metastatic breast [4], metastatic colorectal [5], and castration-resistant prostate [6] cancer, it
has been recognized that metronomic treatment approaches may overcome drug resistances.
The metronomic protocols were mainly designed to maintain a stable disease for as long as
possible together with low toxicity but have demonstrated surprising responses. The expe-
rience of metronomic therapy in pediatric oncology has been recently reviewed [7,24]. The
studies are limited in terms of the number of patients and included only a few of cases with
high-risk neuroblastoma. More focused studies are therefore required.

Today, cancer is widely considered to be a multicomponent disease. This phase 1/2 pilot
study adopted the concept of multi-targeting. The combination of treatments employed in
this study targeted tumor cells and the tumor microenvironment by inhibiting neoangio-
genesis as well as tumor-promoting immune cells. In neuroblastoma, high tumor vascularity
is correlated with an aggressive phenotype: a strong correlation was demonstrated between
vascular index (total number of vessels per mm2 of neuroblastoma tissue), disease stage,
MYCN amplification, and outcome [8]. Therefore, the inhibition of angiogenesis is an attrac-
tive therapeutic option. Human neuroblastoma xenografts (SK-N-MC and SK-N-AS) in SCID
mice have shown reduced cell viability and a loss of preexisting tumor architecture after
application of low-dose vinblastine [9]. This was particularly evident when combined with
DC101—a monoclonal antibody targeting the flk-1/KDR (type 2) receptor of the vascular
endothelial growth receptor (VEGF). Tumor perfusion experiments using intravascular flu-
orescence have demonstrated that vascular injury, rather than a direct anti-tumor effect, was
the likely underlying primary mechanism [9]. Vinblastine [9], etoposide [10], and cyclophos-
phamide [11] are considered to act anti-angiogenetically in addition to their known cytostatic
effect.

Several lines of evidence have demonstrated that metronomic treatment may also
contribute to restoring immune response to cancer. Tumor-associated macrophages exert
anti- as well as pro-tumor functions [12] depending on the cytokine milieu of the microen-
vironment [13]. Regulatory T cells can promote tolerance of tumor cells [14]. It has been
shown that a higher expression of genes representing tumor-associated macrophages
(CD33/CD16/IL6R IL10/FCGR3) was observed in metastatic neuroblastoma tissue com-
pared to locoregional tumor specimen. Thus, activated macrophages can contribute to a
more malignant subtype [15]. Since cyclooxygenase-2 (COX-2) is overexpressed in neurob-
lastoma tumor cells, COX-2 inhibitors like celecoxib may not only change the pro-tumor
macrophage M2 into the anti-tumor phenotype M1 [16], but also directly suppress tumor
cell growth [17]. Modulation of the immune function of macrophages, dendritic cells, and
regulatory T cells has also been reported for cyclophosphamide [14] and vinblastine [18].
Thus, metronomic therapy could be characterized as a microenvironmental therapy which
affects both endothelial and immune cells.

Nonetheless, metronomic therapy is still the exception and not the rule in cancer treatment,
in particular in pediatric tumors. In this report, the first experience with a new combination
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PEDIATRIC HEMATOLOGY AND ONCOLOGY 3

of well-known drugs (celecoxib, vinblastine, cyclophosphamide, and etoposide) is presented,
demonstrating an encouraging anti-tumor effect together with low toxicity.

Patients and Methods

Inclusion criteria for this phase 1/2 pilot study were first to fourth recurrence from regional
or metastatic (stage 4) neuroblastoma or refractory stage 4 disease. Diagnosis, staging, and
response evaluation were done according to the International Neuroblastoma Staging System
[19]. The sites of disease refer to organs, not to the number of metastases. A multitude of spots
within the skeleton taking up Metaiodobenzylguanidine (mIBG) was counted as one. Bony
and medullary metastases in the skeleton were summarized as osteomedullary metastasis.
Cytological evidence of bone marrow infiltration was likewise categorized as osteomedullary.
Metastatic involvement of the central nervous system (CNS) was defined as intracerebral
lesions by magnetic resonance imaging and/or the presence of neuroblastoma cells in the
cerebrospinal fluid. Only lesions taking up contrast medium from mIBG or magnetic reso-
nance imaging (MRI) were considered to be an active disease. No evidence of an active tumor
during the 4 weeks before the start of metronomic therapy was categorized as complete remis-
sion (CR, two cases). Progressive disease was defined as the detection of any new lesion, an
increase in tumor volume by >25% of any measurable lesion, or if previously negative bone
marrow became positive for tumor cells (>10%). Stable disease met the criteria neither for
progressive disease nor for partial response [19].

In all cases, informed consent was obtained from the patients’ parents for the treatment and
for the collection of the data at the local treating institutions. The patients signed age-adapted
assent forms when appropriate. The patients were treated on a compassionate use basis. The
study was conducted in accordance with the published principles of the Guidelines for Good
Clinical Practice (ICH-GCP), the applicable European and national legislation, and in accor-
dance with the Declaration of Helsinki of the World Medical Association. The extended trial
is registered under the EudraCT number 2011-004593-29 and was approved by the ethics
committee of the University of Cologne (trial protocol code Uni-Koeln-1495). The patients
were treated at one of the participating institutions: Universities of Cologne (Germany), St.
Petersburg (Russia), Minsk (Belarus), and Brno (Czech Republic).

Preceding therapy (type, duration) was not defined. Study patients could have been in a
palliative situation, but had to have a minimum life expectancy of more than 12 weeks.

The drugs of the metronomic therapy were intended to be administered for up
to 24 months in an outpatient setting as long as no event occurred. It consisted of
oral doses of 200 mg/m² celecoxib (anti-neuroblastic, immune modulating) twice daily,
25 mg/m² cyclophosphamide (anti-neuroblastic, anti-angiogenetic, immune modulating)
daily, 25 mg/m² etoposide (anti-neuroblastic, anti-angiogenetic) daily on days 1–21 every
second month (4 cycles only), and a 1× 3 mg/m² intravenous dose of vinblastine (anti-
neuroblastic, anti-angiogenetic, immune modulating) every 14 days.

The group for comparison consisted of 274 matched patients with stage 4 neuroblastoma
over 18 months of age at first diagnosis and diagnosed between 1990 and 2010. First line treat-
ment of the control group was given according to the GPOH neuroblastoma trials NB90/97/04
[20]. The patients included in the control group experienced a first recurrence and underwent
dose-intense cyclic chemotherapy with curative intent. Chemotherapy cycles and drug doses
were not defined. Thirty percent of this group had additional myeloablative chemotherapy and
autologous stem cell support. Children who were treated with palliative intent for the recur-
rence were excluded from the control group in order to avoid a selection bias. The decision
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4 F. BERTHOLD ET AL.

regarding curative intent versus palliative intent was made by the parents and the patients (if
appropriate) following discussions with the treating physician. For survival analysis, only the
study patients with newly actively progressing tumors were included (n = 18). Two patients in
CR after preceding recurrence therapy and three patients with refractory active tumors were
excluded. Response was assessed according to the international criteria [19].

Secondary event-free survival (secEFS) was calculated as the time from the first day of
metronomic therapy following diagnosis of recurrence or refractory disease until an event
or to the date of the last assessment in patients without an event. An event was defined as
progressive disease or death for any reason. Secondary overall survival (secOS) was defined
as the time from the first day of metronomic therapy following diagnosis of recurrence until
death for any reason or until the last assessment in surviving patients. The time-to-event dis-
tributions were displayed according to the Kaplan-Meier method. Curves of the cases and
variable-matched controls were compared using the stratified log rank test (Wald) as recom-
mended for matched cohorts [21]. Survival times were analyzed using the Cox’ proportional
hazard model. Statistical analyses and matching were performed using the R software version
3.1.2. The data lock was August 1st, 2016.

The matching criteria to compare the study and the control group were MYCN amplifica-
tion (yes vs. no), time from first diagnosis to first recurrence (�18 months vs. > 18 months),
and number of recurrence sites (1 vs. �2) [22]. Seven of the eight possible combinations were
occupied by the study patients. Only the combination MYCN amplified, time from first diag-
nosis to first recurrence more than 18 months, and number of recurrence sites = 1 had no
patient in the study group (Supplemental Figure 1, stratum 8). Strata 1–7 show that each study
patient was matched to 6–25 (average 14) control patients.

All six patients with stage 2b or 3 at first diagnosis had metastatic disease at recurrence.
Nine patients had the second to fourth recurrence at the start of metronomic therapy (Table 1).
It is well-known that the prognosis decreases with each consecutive recurrence. Therefore, the
clinico-biological characteristics of the study group were at least equal to if not worse than the
control group.

Results

Twenty-three patients were treated according to the metronomic concept. Table 1 shows the
characteristics and the outcome of the patients. Three children had refractory stage 4 dis-
ease and 20 had recurrent neuroblastoma. Six of the children who had recurrences from
regional disease had metastatic recurrences. Of the 20 patients with recurrent disease, eleven
patients had 1, seven had 2, and two had 3 recurrences before the start of metronomic ther-
apy. Also, nine, ten, and two patients had 1, 2, and 3 involved organs, respectively. The sites
were osteomedullary in 16, primary tumor in 11, CNS in 2, lymph nodes in 2, liver in 1, and
lungs in 1 patient. Two patients were in CR with inactive residual tumor after pretreatment
of the relapse. Of the 21 patients with active tumors (18 recurrent, 3 refractory disease), 2
achieved complete response (CR) and 9 partial response (PR) as the best response (table 1).
In 8 patients the disease was only stabilized (SD), and in 2 patients no response was seen
(PROG).

The median time to progression of the 18 patients with recurrences and not in CR at the
start of metronomic therapy was 14 months (95% CI 4–15 months) for the metronomically
treated patients and 9 months (95% CI 7–10 months) for the control group. The 1-year secEFS
was 61.1% (95% CI 35.3%–79.2%) for the metronomic and 35.4% (95% CI 29.8%–41.1%)
for the control group. The stratified log rank test showed no difference in secEFS between
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PEDIATRIC HEMATOLOGY AND ONCOLOGY 7

Figure . Kaplan–Meier estimates for secondary event-free survival (A) and secondary overall survival (B) for
 metronomically treated patients (green curve) and for  matched control patients (red curve).

the groups (p = .204). The median time to death was 17 months (95% CI 5–47 months) for
the metronomic and 14 months (95% CI 13–16 months) for the control group. The 1-year
secOS was 64.7% (95% CI 37.7%−82.3%) for the metronomically treated children and 56.8%
(95% CI 50.9%–62.6%) for the control group. The stratified log rank test demonstrated no
significance of superiority for the metronomic patient group (p = .209). Figure 1 shows the
Kaplan–Meier plots for the 18 study patients and the 274 control patients. The Supplemental
Figure 1 displays the eight single strata for secEFS and secOS.

The side effects during metronomic therapy are shown in Table 1. All metronomically
treated patients were pretreated by toxic cyclic chemotherapy including myeloablative ther-
apy with stem cell support; almost all children showed hematologic toxicity up to grade 4
requiring some transient dose reduction or discontinuation of etoposide, cyclophosphamide
and/or vinblastine at the discretion of the local physician. Elevated serum creatinine grade
2 was reported for 3 patients; neutropenic fever grade 2 and 3 was observed in 2 patients;
stomatitis grade 3 was seen in 1 patient; and elevated liver enzyme (ALT grade 3) was
noted in 1 patient. The metronomic therapy could be realized in an outpatient setting in all
patients.
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8 F. BERTHOLD ET AL.

Discussion

An overview on pediatric clinical studies using various metronomic concepts has been pub-
lished recently [23]. Table 2 shows a focused review confined to neuroblastoma patients. The
main drugs used are cyclophosphamide, vinca alkaloids, and celecoxib in various doses and
schedules. The number of neuroblastoma patients in these trials is limited (1–21), the treat-
ment approaches differed, and the conclusions on efficacy are difficult to derive. However, all
studies report a good to excellent tolerability of the treatment. This statement can be sup-
ported by the experience with the 23 neuroblastoma patients presented here. With the excep-
tion of leukopenia and thrombocytopenia � grade 3 in these heavily pretreated patients, the
number of other expected side effects like abdominal pain and constipation (celecoxib, vin-
blastine) and febrile episodes during neutropenic periods was either low or not observed at
all. All patients could be treated in an outpatient setting.

Reliable quantitative data on side effects in the matched patients’ cohort are lacking
because there was no systematic collection. The reporting was restricted to sites of recur-
rence, response, treatment elements, and outcome. However, pediatric oncologists who are
experienced in the second and higher lines of treatment of high-risk neuroblastoma patients,
using the standard approaches with dose-intensive chemotherapy cycles ± other elements,
will appreciate that most standard treatment approaches for recurrences require an inpatient
setting and that it is associated with much higher proportions and grades of side effects, e.g.
grade 4 neutropenic fever and blood product transfusions in almost all patients.

The metronomic approach was equally efficacious in comparison to matched patients
treated with curative intention, but much less toxic. Patients of the control group who were
treated with palliative intention were excluded from the analysis. All patients in the control
group had first recurrences from high-risk neuroblastoma and underwent a second line treat-
ment with toxic cyclic chemotherapy including second stem cell transplant. To avoid selection
bias in the control group, the most powerful prognostic criteria identified in a large series of
patients with recurrences were used for matching: time from first diagnosis to 1st recurrence
(cut-off 18 months) and the number of organs involved at recurrence (1 vs. �2) [20]. In addi-
tion, MYCN amplification was included. This led to a study control ratio of 1 to 14, resulting
in a robust estimation. A potential confounding variable was that the experimental group was
dissimilar to the control group with respect to stage at first diagnosis. Six study patients had
localized disease at first diagnosis, but all had metastatic disease at recurrence. Furthermore,
nine children experienced two recurrences and two children three recurrences before starting
metronomic therapy. Thus, we are convinced that this analysis is definitely not biased in favor
of the study patients. The time to progression and the Kaplan–Meier curves for the study and
the control groups were close to each other. The overall survival data were somewhat more
favorable in the metronomically treated group, but overall survival data should be generally
seen with caution because of the potential influence of further therapies consecutive to the
metronomic treatment.

Meaningful comparisons are always difficult to perform if a study is not randomized.
We tried to use a group of patients for comparison with equal or slightly better prognostic
characteristics. The outcome is generally better for patients with first recurrences (control
group) than for patients with >1 recurrence (metronomic group: 7 with two and 2 with three
recurrences). Recurrences of stage 2b and 3 neuroblastoma are less unfavorable compared to
only stage 4. Of the 6 patients with initial stages 2b and 3 in the metronomic group, all had
metastatic recurrence at the start of metronomic therapy.
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Two patients (05, 15) were in complete remission with inactive tumors after treatment of
recurrence. The metronomic therapy was given as consolidation for the complete remission
in those two patients. Inclusion of the two patients and the 3 patients with active refractory,
but not actively progressing tumors (total group of study patients n = 23), demonstrated a
trend towards better EFS and OS curves compared to the total group of control patients (n =
274). This may look astonishing but should be viewed with great reservation in our opinion.

The control group consisted of patients who were clinically well enough to undergo second
line treatment with curative intention. All children with a poor prognosis who were receiving
palliative therapy were excluded. Altogether, the number of patients for comparison was high
and had a 1: 14 (range 6–25) ratio of metronomic study patients to the control group. Thus, we
believe that the comparison between the metronomic and the control group is well balanced,
fair, and meaningful.

In conclusion, this pilot study of 23 patients with recurrent and refractory high-risk neu-
roblastoma demonstrates an encouraging response to metronomic therapy accompanied by
low toxicity and realization in an outpatient setting. The brief median survival time (EFS and
OS) is an important argument in favor of offering a low toxic regimen in the outpatient setting
with an at least equal outcome. The approach is continued in a larger study with the addition
of a fifth drug (oral propranolol).
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