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Metronomic Chemotherapy vs Best Supportive Care

in Progressive Pediatric Solid Malignant Tumors

A Randomized Clinical Trial
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IMPORTANCE Although oral metronomic chemotherapy is often used in progressive pediatric
solid malignant tumors, a literature review reveals that only small single-arm retrospective or
phase 1and 2 studies have been performed. Skepticism abounds because of the lack of level 1
evidence.

OBJECTIVES To compare the effect of metronomic chemotherapy on progression-free
survival (PFS) with that of placebo in pediatric patients with primary extracranial,
nonhematopoietic solid malignant tumors that progress after at least 2 lines of
chemotherapy.

DESIGN, SETTING, AND PARTICIPANTS A double-blinded, placebo-controlled randomized
clinical trial was conducted from October 1, 2013, through December 31, 2015, at the cancer
center at All India Institute of Medical Sciences in children aged 5 to 18 years with primary
extracranial, nonhematopoietic solid malignant tumors that progressed after at least 2 lines
of chemotherapy and had no further curative options.

INTERVENTIONS One arm received a 4-drug oral metronomic regimen of daily celecoxib and
thalidomide with alternating periods of etoposide and cyclophosphamide, whereas the other
arm received placebo. Disease status was assessed at baseline, 9 weeks, 18 weeks, and 27
weeks or at clinical progression.

MAIN OUTCOMES AND MEASURES The primary end point was PFS as defined by the
proportion of patients without disease progression at 6 months, and PFS duration and overall
survival (OS) were secondary end points.

RESULTS A total of 108 of the 123 patients screened were enrolled, with 52 randomized to the
placebo group (median age, 15 years; 40 male [76.9%]) and 56 to the metronomic
chemotherapy group (median age, 13 years; 42 male [75.0%]). At a median follow-up of 2.9
months, 100% of the patients had disease progression by 6 months in the placebo group vs
96.4% in the metronomic chemotherapy group (P = .24). Median PFS and OS in the 2 groups
was similar (hazard ratio [HR], 0.69; 95% Cl, 0.47-1.03 [P = .07] for PFS; and HR, 0.74; 95%
Cl, 0.50-1.09 [P = .13] for OS). In post hoc subgroup analysis, cohorts receiving more than 3
cycles (HR for PFS, 0.46; 95% Cl, 0.23-0.93; P = .03) and those without a bone sarcoma (ie,
neither primitive neuroectodermal tumor nor osteosarcoma) (HR for PFS, 0.39; 95% Cl,
0.18-0.81; P = .01) appeared to benefit from metronomic chemotherapy.

CONCLUSIONS AND RELEVANCE Metronomic chemotherapy does not improve 6-month PFS,
compared with placebo, among pediatric patients with extracranial progressive solid
malignant tumors . However, patients without bone sarcoma and those able to tolerate
therapy for more than 3 cycles (9 weeks) benefit.
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Metronomic Chemotherapy vs Supportive Care in Solid Malignant Tumors

espite remarkable treatment advances in childhood can-

cer in the past few decades that have resulted in a sur-

vival rate of more than 80% for childhood cancers in
high-income countries, the survival rate among children with
cancer in low- and middle-income countries can be as low as
10% in some settings,! with a wide variability in survival by can-
cer type. Limited options usually remain when the malignant
tumor progresses after 1 or 2 lines of a standard chemotherapy
protocol. Repetitive administration of conventional chemo-
therapy at the maximum tolerated dose imposes many ad-
verse effects that further limit dosing and quality oflife. The goal
of the oncologist at this point remains mainly palliative, with
an effort to halt the progression of cancer and improve quality
of life. Often the only therapy offered is best supportive care,
which includes treatment of pain and other associated prob-
lems without any definite therapy for cancer control.

Metronomics have been used in this context with mixed re-
sults, some encouraging and some not encouraging.?"® Metro-
nomics as a new paradigm in the chemotherapeutics principle
entered clinical practice in the early 21st century. Although met-
ronomic chemotherapy is defined as long-term administra-
tion of chemotherapeutic agents at relatively low, minimally
toxic doses and with no prolonged drug-free breaks, the term
metronomics also includes repositioning and repurposing of non-
chemotherapeutic agents.!© This type of therapy inhibits tu-
mor growth primarily through antiangiogenic mechanisms (ie,
shifting the target from tumor cells to tumor vasculature) while
significantly reducing undesirable toxic effects.!®
Most studies on metronomic chemotherapy are retrospec-

tive or small single-arm studies,>#° case series," and anec-
dotal case reports.!? To truly appreciate the effect of metro-
nomic chemotherapy on progression-free survival (PFS) among
pediatric patients with cancer after multiple relapses, we de-
signed a double-blind randomized clinical trial to compare met-
ronomic chemotherapy with placebo in cases of pediatric ex-
tracranial solid tumors that had progressed after at least 2 lines
of chemotherapy.

Methods

Study Design and Patient Population

In this double-blinded, placebo-controlled randomized clini-
cal trial with a superiority design, we recruited patients from
October 1, 2013, through December 31, 2015, from among those
registered at the cancer center at All India Institute of Medi-
cal Sciences, which is a tertiary care referral cancer center in
North India. Inclusion criteria for study were as follows: age
of 5 to 15 years, diagnosis of nonhematopoietic primarily ex-
tracranial solid tumor that was progressive after treatment with
atleast 2 lines of chemotherapy and had no other curative treat-
ment options, performance status of 3 or less (at least ambu-
latory with the help of crutches or a wheelchair), recovered
from all acute toxic effects of earlier therapy, absolute neu-
trophil count greater than 1000/pL (to convert to x10°/L, mul-
tiply by 0.001), absolute platelet count greater than 75 x 10%/uL
(to convert to x10%/L, multiply by 1), normal kidney function,
serum bilirubin level less than 1.5 times the upper limit of nor-
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Key Points

Question Does metronomic chemotherapy improve
progression-free survival among pediatric patients with solid
extracranial cancer that progresses after at least 2 lines of
chemotherapy compared with placebo?

Findings In this randomized clinical trial, the proportion of
patients with progressive cancer at 6 months was 100% for those
who received placebo and 94.6% for those who received
metronomic chemotherapy, indicating no statistically significant
difference. Those without bone sarcoma and those able to tolerate
therapy for more than 3 cycles (9 weeks) appeared to benefit from
metronomic chemotherapy.

Meaning In solid extracranial pediatric cancers progressive after
at least 2 lines of chemotherapy, metronomic chemotherapy does
not prolong progression-free survival.

mal, and serum aspartate aminotransferase and alanine ami-
notransferase levels less than 5 times the upper limits of nor-
mal. Exclusion criteria included uncontrolled concurrent illness
or active infection, positive serologic test result for human im-
munodeficiency virus, and inability to swallow oral medica-
tion. All patients were included in the study after providing
written informed consent. All data were deidentified. The study
protocol was submitted to the All India Institute of Medical Sci-
ences Ethics Committee, and approval was obtained. The trial
protocol can be found in Supplement 1.

Randomization and Masking

Eligible patients underwent centralized simple 1:1 randomiza-
tion based on a computer-generated table of random num-
bers by a single independent person (D.D.). This person was
not involved in treatment, follow-up, or response assess-
ment of patients.

Intervention
Group 1 received placebo and best supportive care, and group
2 received metronomic chemotherapy and best supportive care
(eFigure 1in Supplement 2). Treatment was continued until pro-
gression was documented. The metronomic chemotherapy
schedule consisted of alternating cycles of cycle A and B (each
cycleincluded 3 weeks of drug administration), with each drug
rounded off to the nearest tablet or capsule size (eTable 1 in
Supplement 2). The patients in the placebo group had similar
alternating cycles of cycle A and B. Capsules of the same size
and color as used in metronomic chemotherapy were given. The
rationale for this combination is detailed in the eAppendix
and eTable 2 in Supplement 2. Best supportive care included
management of pain as per the World Health Organization stan-
dard for pain management, blood product transfusion, man-
agement of infection, and malodorous necrotic masses.
Patients were assessed at baseline with basic blood inves-
tigations (complete blood cell counts, liver function tests, and
kidney function tests) and radiologic investigations (contrast-
enhanced imaging of the chest and involved site and, in rel-
evant cases, positron emission tomography-computed
tomography, bone imaging, metaiodobenzylguanidine
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imaging, and magnetic resonance imaging). Before each
cycle, complete blood cell counts, liver function tests, and
kidney function tests were performed again. All patients
were closely followed up for toxic effects at weekly visits
and telephone contacts for an initial 6 weeks and then at
longer intervals. Interim assessment was performed after 3
cycles (at 9 weeks), after 6 cycles (at 18 weeks), and after 9
cycles (at 27 weeks) or earlier if there were obvious symp-
toms and signs of progression. At interim assessments,
response evaluation was performed clinically and radiologi-
cally according to the Response Evaluation Criteria in Solid
Tumors, version 1.1.13

In cases of hematologic toxic effects without progres-
sion, drug treatment was stopped for a few days, antibiotics
and granulocyte colony-stimulating factor were used as nec-
essary, and then drug treatment was started again after count
recovery at 80% of the initial dose, rounded again to the near-
est capsule or tablet size. In patients found to have progres-
sive disease at any point, therapy was stopped but follow-up
was continued with best supportive care until death. If pa-
tients preferred returning to their villages, then telephone con-
tacts and WhatsApp messaging were continued at frequent in-
tervals to provide emotional support and medical advice in
coordination with local physicians in villages. Dates of death
were obtained during these contacts.

Outcome Measures

The primary objective of the study was to compare PFS at 6
months in the intention-to-treat population between the 2
groups, which was defined as the proportion of patients free
of disease progression at the end of 6 months. The secondary
objectives of the study included analysis of (1) duration of PFS
(defined as time from randomization to disease progression,
relapse, or death) and (2) overall survival (OS) (defined as time
from randomization to death from any cause). All toxic and
adverse effects of the drugs were graded according to the
National Cancer Center Common Terminology Criteria for
Adverse Events, version 4.03.14

Statistical Analysis

Descriptive statistics, such as mean, median, SD, and range,
were used to describe baseline demographic and clinical pro-
files of all patients. To determine the association between 2
categorical variables, the x? test was used. Continuous vari-
ables were analyzed between the 2 groups using the unpaired
t test or Wilcoxon rank sum test. Survivals were depicted using
Kaplan-Meier plots. Difference between groups was ana-
lyzed using the log-rank test. Proportional survivals at spe-
cific times were determined using the Kaplan-Meier survival
analysis. The Cox proportional hazards regression model was
used to calculate the hazard ratios (HRs). Analysis was also per-
formed on subgroups (eg, patients who completed a mini-
mum of 3 cycles of therapy and tumors other than bone sar-
comas). The proportional hazards assumption was checked
using the test based on Schoenfeld residuals. P < .05 (1-
sided) was considered to be statistically significant. Data analy-
ses were performed using STATA statistical software, version
11.2 (StataCorp).
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Sample Size Calculation

From an exhaustive review of the literature, data on PFS in solid
extracranial pediatric tumors after 2 lines of chemotherapy
failed, without any further therapy, were not available. From
our experience, we knew that most patients with advanced can-
cer progress within a few weeks to a month’s time. Therefore,
we made the modest assumption that 95% of such patients will
progress by 6 months without therapy and that a 20% im-
provement in efficacy is standard in oncology patients.> With
a 2-sided a of 5% and a power of 80%, a sample size of 49 in
each group would detect a 20% difference between the pro-
portion of progression at 6 months between the placebo group
(group 1) and metronomic chemotherapy group (group 2)
(95% Vs 75%). Assuming loss to follow-up of 15%, 54 individu-
als per group were required. Therefore, 108 patients were
proposed to be randomized.

. |
Results

During the study period from October 1, 2013, through Decem-
ber 31, 2015, we screened 123 patients for eligibility and recruited
108 of them, with 52 randomized to the placebo group (median
age, 15 years; 40 male [76.9%]) and 56 to the metronomic che-
motherapy group (median age, 13 years; 42 male [75.0%]). Ma-
jor reasons for ineligibility were unwillingness to give consent
(7 patients), bedridden and therefore Eastern Cooperative
Oncology Group performance status 4 (4 patients), thrombo-
cytopenia (1 patient), active human immunodeficiency virus
infection (1 patient), and inability to swallow capsules (2 pa-
tients). Fifty-two patients were randomly assigned to the pla-
cebo group (group 1) and 56 to the metronomic chemotherapy
group (group 2) (Figure 1). One patient in the placebo group dis-
continued treatment on his own; the rest continued with treat-
ment until progression. The cutoff date for data collection for
this analysis was July 1, 2016. In the intention-to-treat analy-
sis, there were 52 patients in the placebo group and 56 patients
in the metronomic chemotherapy group. A total of 107 patients
had progressed (placebo, 52; metronomic chemotherapy, 55)
at this time, and 107 patients had died (placebo, 52; metronomic
chemotherapy, 55). Median follow-up for all the patients was
2.9 months. Treatment groups were evenly balanced for base-
line characteristics (eTable 3 in Supplement 2).

End Points

At a median follow-up of 2.9 months, the proportion of pa-
tients who progressed was 100% in the placebo group and
94.6% in the metronomic chemotherapy group (eTable 4 in
Supplement 2). The median PFS in the entire cohort was 48
days (range, 1-333 days), and the median OS was 79.5 days
(range, 1-458 days).

The median PFS was 46 days (95% CI, 33-58 days) in the
placebo group and 49 days (95% CI, 43-59 days) in the metro-
nomic chemotherapy group (P = .07). The HR of progression
in the metronomic chemotherapy group compared with the
placebo group was 0.69 (95% CI, 0.47-1.03; P = .07) (Figure 2).
The OS was 85 days (95% CI, 61-123 days) in the placebo group
and 85 days (95% CI, 69-113 days) in the metronomic chemo-
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therapy group (P = .13); the HR of progression in the metro-
nomic chemotherapy group compared with the placebo group
was 0.74 (95% CI, 0.50-1.09; P = .13) (Figure 2).

Response Rates

There were no complete responses in either group. There were
8 stable disease cases and 2 partial responses in the metro-
nomic chemotherapy group; 8 of 10 patients remained stable
for more than 3 months, but none crossed the 6-month mark.
The overall response rate for the metronomic chemotherapy
group was therefore 3.5% (2 of 56 patients), and the disease
control rate was 17.8% (10 of 56) (eTable 4 in Supplement 2).

Figure 1. The CONSORT Diagram

123 Assessed for eligibility

15 Excluded
7 Did not give consent
4 ECOG PSY
2 Unable to swallow
1 HIV positive
1 Low platelet count

(108 Randomized )

56 Allocated to metronomic 52 Allocated to placebo group
chemotherapy group 52 Received placebo
56 Received metronomic 0 Did not receive placebo
chemotherapy
0 Did not receive metronomic
chemotherapy

|

0 Lost to follow-up
0 Discontinued metronomic 1 Discontinued placebo
chemotherapy 1 Patient’s reason

v v

56 Analyzed ‘ ‘ 52 Analyzed ‘

0 Lost to follow-up

ECOG PS indicates Eastern Cooperative Oncology Group performance status;
HIV, human immunodeficiency virus.
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Subgroup Analysis
We analyzed the effect of several baseline factors (age, sex,
Eastern Cooperative Oncology Group performance status, di-
agnosis [bone sarcoma vs other], number of cycles >3 vs <3)
on PFS by the Cox proportional hazards regression model in
an unplanned post hoc analysis to gain insights into some pre-
dictive factors (Figure 3). This was a stratified analysis within
each category of these factors, and the values represent the HRs
for PFS.

In the subgroup of patients who had received more than
3 cycles of chemotherapy (n = 40), metronomic chemo-
therapy significantly increased PFS (HR, 0.46; 95% CI, 0.23-
0.93; P = .03) (eFigure 2A in Supplement 2). However, benefit
was not statistically significant for OS in this cohort (HR, 0.56;
95% CI, 0.28-1.17; P = 0.08) (eFigure 2B in Supplement 2). In
addition, in patients who did not have a bone tumor (osteo-
sarcoma or Ewing sarcoma) (ie, other than bone sarcoma tu-
mors [n = 36]), metronomic chemotherapy was associated with
a statistically significant benefit for PFS (HR, 0.39; 95% CI, 0.18-
0.81; P = .01) and OS (HR, 0.44; 95% CI, 0.21-0.90; P = .02)
(eFigure 2C and D in Supplement 2).

Toxicity Data and Dose Adjustments

The complete list of adverse effects and supportive care
administered is given in eTable 5 and eTable 6 in Supplement
2. The most common grade 3 to 4 adverse effects were hema-
tologic. Anemia (7.1% vs 11.7%), neutropenia (0% vs 10.7%),
thrombocytopenia (0% vs 10.7%), and febrile neutropenia (0%
vs 8.8%) were the significant grade 3 to 4 hematologic toxic
effects encountered in the placebo vs metronomic chemo-
therapy groups. Among the nonhematologic adverse effects,
mucositis was the most common (grade 1-2, 8.8%; grade 3-4,
5.3%) in the metronomic chemotherapy group.

In the metronomic chemotherapy group, the dose had to
be decreased in 8 patients (14.2%) and was delayed in 9 pa-
tients (16%). In the placebo group, although none needed a dose
decrease, 2 had interruptions because of adherence issues (for-
got or misplaced medicines), causing dose delay (eTable 6 in
Supplement 2).

Figure 2. Kaplan-Meier Estimates of Progression-Free Survival and Overall Survival

Progression-free survival

1.0
Logrank P=.07
T 0.8
=
Z
t% 06,
k]
e
= 0.4+
<
=]
< Metronomic chemotherapy
a 0.24
Placebo
0 T T T T T 1
0 2 4 6 8 10 12
Analysis Time, mo
No. at risk
Placebo 52 19 2 0 0 0 0
Metronomic
chemotherapy 56 21 10 3 3 1 0

Overall survival
1.0+

LogrankP=.13
0.8+

0.6

0.4+
Metronomic chemotherapy

Probability of Survival

0.2+
Placebo

0 2 4 6 8 10 12 14 16
Analysis Time, mo
No. at risk
Placebo 52 35 20 11 4 2 0
Metronomic
chemotherapy 56 40 20 16 11 3 2

Progression-free survival and overall survival in the intention-to-treat population.
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Figure 3. Forest Plot Representing Hazard Ratios With 95% Cls of Progression-Free Survival

in Selected Subgroups
Favors : Favors
No. of HR Metronomic @ Placebo
Characteristic Patients (95% ClI) Chemotherapy
Age
<13y 62 0.75(0.43-1.32) ]
>13y 46 0.69(0.38-1.24) ——
Sex
Male 82 0.63(0.41-1.00) -
Female 26 1.09(0.47-2.50) b
Tumor type
Bone Sarcoma 72 1.01(0.63-1.63) ——
Other tumors 36 0.39(0.18-0.81) -
PS
0-1 41 0.56 (0.28-1.11) -
2-3 67 0.83(0.51-1.37) =
No. of cycles
<3 72 0.61(0.38-1.01) ]
23 36 0.46 (0.23-0.93) ]
1 0 1 2 3 HR indicates hazards ratio; PS,
HR (95% CI) Eastern Cooperative Oncology Group
performance status.
I First, metronomic chemotherapy was benefiting the
Discussion subgroup of patients who had received the drugs for at least

Although metronomic chemotherapy is regarded as an inno-
vative multitargeted therapy®” and is being promoted as an
attractive option for low- and middle-income countries,®° lim-
ited phase 1 and 2 data exist. In most of the published litera-
ture on pediatric metronomic chemotherapy, studies®"'” have
found benefit in terms of disease stabilization and have re-
corded it as clinical benefit. We do not actually have random-
ized comparative data to indicate that indeed this stabiliza-
tion of disease is attributable to action of metronomic
chemotherapy and not merely because of the natural history
of the disease. The disease may have remained in control on
its own for some time, which is what many of the clinicians
might have observed during practice. In other words, many
metastatic solid tumors, after becoming progressive and re-
fractory, may remain stable for some period on their own be-
fore eventually progressing. No data exist on this phenom-
enon. The only answer to this question could come from a
randomized clinical study in which the comparator receives
no therapy.

We observed during our analysis that 5 patients in the pla-
cebo group remained stable (without receiving any therapy)
for 9 weeks and 1 patient remained stable for 18 weeks. Al-
though there were objective responses in the metronomic
chemotherapy group (ie, 2 partial responses and 8 stable dis-
ease cases for 9 weeks and 3 maintaining that stable disease
until the 18th week), these responses did not ultimately cul-
minate in improved PFS or OS. Therefore, for this heteroge-
neous group of pediatric malignant tumors, this particular
combination of metronomic chemotherapy did not improve
PFS. However, there were some encouraging insights after the
subgroup analysis, although we admit that this was post hocand
the study was not powered or planned for subgroup analysis.

JAMA Oncology September 2017 Volume 3, Number 9

9 weeks. This benefit was not significant for OS but was sta-
tistically significant in terms of PFS. Second, another mis-
cellaneous group of patients who did not have a bone sar-
coma fared significantly well in terms of PFS and OS. This
group had a variety of neuroblastoma, esthesioneuroblas-
toma, soft-tissue sarcoma, rhabdomyosarcomas, Wilms
tumor, and clear cell sarcoma of kidney. Adverse effects
were manageable and were an acceptable tradeoff for the
modest PFS benefit in the metronomic chemotherapy group
(eTable 7 in Supplement 2).

If we delve deeper and try to determine the reasons why
metronomic chemotherapy was having different patterns of
responses in the above subgroups, one finding is that osteo-
sarcomas and primitive neuroectodermal tumors constituted
two-thirds of the population sample studied, and these tu-
mors respond poorly to metronomic chemotherapy. The rea-
son for differences in responses among the different tumors
may lie in their biological differences.

Thus, the message is that metronomic antiangiogenic che-
motherapy probably does not benefit all classes of pediatric solid
tumors and that histologic features matter. Osteosarcomas and
primitive neuroectodermal tumors when analyzed separately
also revealed that the metronomic chemotherapy and placebo
groups were no different. Therefore, we need to choose the
patients carefully and wisely before prescribing an antiangio-
genic combination as a blanket palliation treatment.

That osteosarcomas and primitive neuroectodermal tu-
mors do not benefit from antiangiogenic therapy was also
found in the study by Robison et al.!? In their single-arm study'?
of 100 patients, the same 4 drugs (thalidomide, celecoxib, eto-
poside, and cyclophosphamide) were used with the addition
of fenofibrate on relapsed pediatric tumors, most being cen-
tral nervous system tumors; they found that none of their 12
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Metronomic Chemotherapy vs Supportive Care in Solid Malignant Tumors

bone tumors had any response. Only low-grade gliomas and
miscellaneous brain tumors had fair PFS, whereas 2 of 3 neu-
roblastomas remained stable.

Because metronomic chemotherapies are being increas-
ingly used in pediatric palliative contexts, their efficacy has
become important for the child, parents, and oncologists.
Choosing the right therapy at this point not only improves
efficacy but also spares unnecessary toxic effects.

Strengths and Limitations

The strength of our study is that it is the first randomized clini-
cal trial, to our knowledge, of pediatric metronomic chemo-
therapy. The person responsible for randomization and treat-
ment allocation was separately dedicated to that task and could
not influence patients or clinicians. This randomization and
blinding strategy removes many potential biases from the study
and adds to its credibility and impact. The novelty of the study
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isthatitis an endeavor to address the issues of skepticism sur-
rounding metronomic chemotherapy. For the first time since
its inception in 2000, oral antiangiogenic chemotherapy has
been compared with a placebo in arandomized controlled de-
sign. A limitation of the study is its heterogeneity. Prior strati-
fication into homogenous groups based on type of tumor could
have refined the study.

. |
Conclusions

This study has given some hints and insights into who might
benefit from metronomic chemotherapy. This study pro-
vokes a new hypothesis that metronomic antiangiogenic che-
motherapy may be beneficial for particular histologic sub-
types of cancer only, which needs to be tested in a randomized
fashion in homogenous, disease-specific subgroups.
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