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Abstract
Infantile myofibroma is a rare, benign tumour of infancy typically managed surgically. In
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a minority of cases, more aggressive disease is seen and chemotherapy with vinblastine

3

and methotrexate may be used, although evidence for this is limited. Chemotherapy
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1

dosing in infants is challenging, and vinblastine disposition in infants is unknown. We
describe the use of vinblastine therapeutic drug monitoring in four cases of infantile
myofibroma. Marked inter- and intrapatient variability was observed, highlighting the
poorly understood pharmacokinetics of vinblastine in children, the challenges inherent in treating neonates, and the role of adaptive dosing in optimising drug exposure in
challenging situations.
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INTRODUCTION

and tyrosine kinase inhibitors.2,4–7 Vinblastine and methotrexate are
used widely in other fibrous tumours, with minimal long-term toxicity

Infantile myofibroma (IM) is the commonest fibrous tumour of child-

reported.8,9

hood, typically occurring in the first 2 years of life.1,2 It is a benign lesion

While vincristine pharmacokinetics are relatively well characterised

and spontaneous regression occurs frequently.2,3 Where the lesion is

in children, including neonates,10 vinblastine is less well understood.14

amenable to surgical resection, the prognosis is excellent, even with

Vinblastine exhibits high inter- and intrapatient pharmacokinetic vari-

incomplete resection.3,4

However, in multifocal lesions, those with vis-

ability in adult populations but there is currently no published data on

ceral involvement, or inoperable solitary lesions, together comprising

drug disposition in children.11,12 Dosing of all chemotherapeutics in

described.1,2,5

neonates is challenging, due to marked physiological changes impact-

Chemotherapeutic management of such cases is not standardised, with

ing drug clearance, which can lead to variable drug exposures.13–15

varying approaches described in case studies, including vinblastine

Empiric dose reductions are therefore commonly advised, with-

and methotrexate, vincristine, dactinomycin and cyclophosphamide,

out strong clinical pharmacologic data to support dosing decisions

15%–20% of cases, morbidity and mortality have been

made.13–15
We investigated the potential for therapeutic drug monitoring
Abbreviations: AUC, Area under the plasma concentration-time curve; CL, Clearance; IM,
Infantile myofibroma; TDM, Therapeutic drug monitoring; MRI, Magnetic resonance imaging.

(TDM) to guide treatment in this challenging clinical situation, while
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generating novel data on vinblastine pharmacokinetics, in four infants

2.2

Sample analysis

receiving vinblastine for IM at different clinical centres.
Samples for pharmacokinetic analysis were collected at 0.5, 2 and
6 h post-bolus administration of vinblastine. Plasma was separated

2

METHODS

from whole blood samples by centrifugation (1200 g, 4◦ C, 10 min),
and samples were stored at –20◦ C prior to analysis. Quantification

2.1

Patients

of vinblastine levels in plasma samples was carried out using a validated liquid chromatography-mass spectrometry (LC/MS) assay, with a

Four infants are reported with an average age at first dose of vinblas-

lower limit of quantification (LLOQ) of 0.5 ng/ml. A non-compartmental

tine of 3.6 weeks (range 3–5.5). All had normal renal and liver function

pharmacokinetic analysis of the data was performed using WinNon-

for age. Concomitant medications had no reported interactions with

lin version 8.1 (Certara, Princeton, NJ, USA) to determine the maxi-

either vinblastine or methotrexate in any case.

mum vinblastine plasma concentration (Cmax ), area under the plasma
concentration-time curve (AUC) and clearance (CL). Inter- and intrapatient variability was assessed using the coefficient of variation

2.1.1

Case 1

(CV%). Methotrexate levels were not measured at the discretion of
treating clinicians.

In the first days of life, a term infant was found to have disseminated IM, including subcutaneous, pulmonary and abdominal deposits
(Figure 1A). The abdominal disease caused small bowel obstruction

3

RESULTS

and gut failure requiring parenteral nutrition. Weekly vinblastine
(initial dose 3 mg/m2 ) was commenced with methotrexate withheld due

Table 1 shows the pharmacokinetic parameters observed for the four

to fluid collections in the gut.

case subjects, with summary vinblastine plasma concentration–time
data provided in Figure S1. Intra-patient variability was high for all
parameters, ranging between 7% and 84% (CV), with Cmax showing the

2.1.2

Case 2

greatest intra-patient variability. Inter-patient variability was difficult
to assess due to changes in dose between cycles. However, an eightfold

A term infant was found to have disseminated IM with nodules involv-

range in vinblastine CL was observed between patients across multiple

ing the stomach, small bowel, bilateral ovaries, mesenteric lymph

cycles (2.3–18.7 L/h). This is reflected in the wide range of AUC values

nodes, lungs, pleura, cerebellum, cardiac muscle, renal parenchyma,

observed (19.4–232.6 µg/L⋅h). No clear relationship between toxicity

bones and multifocal intramuscular soft tissue masses in the thorax,

and exposure was observed. Case subject 1 experienced hyperbiliru-

abdomen, pelvis and thighs (Figure 1B). Chemotherapy was initiated

binaemia at concentrations of 57.4–128.7 µg/L⋅h, exposures well tol-

with vinblastine (initial dose 0.1 mg/kg) and methotrexate (0.5 mg/kg).

erated by other patients. Consequently, their dose was decreased by
50%, resulting in a decrease in exposure (19.4–25.2 µg/L⋅h), however
the patient continued to experience excessive toxicity. This infant expe-

2.1.3

Case 3

rienced good partial response in pulmonary and subcutaneous lesions
with stable abdominal disease.

A large tumour of the left upper arm was identified antenatally and con-

Case subject 2 had a dose increase due to good tolerability and

firmed to be IM following premature birth of a child at 36+2 weeks.

obtained a partial response, with drug exposures toward the high end

Nonmutilating surgery was not possible due to replacement of the

of the range observed across all patients. Case subject 3 had a dose

soft tissues of the entire upper arm and extension to the chest wall

increase based on low drug exposure, with the increase well tolerated.

(Figure 1C). The infant was clinically unstable due to arteriovenous

They completed eight cycles of therapy with stable disease before reg-

shunting through the tumour and therefore chemotherapy with vin-

istering for a clinical trial. Case subject 4 required dose reductions of

blastine (initial dose 0.1 mg/kg) and methotrexate (0.7 mg/kg) was com-

both vinblastine and methotrexate throughout 18 treatment cycles,

menced.

despite experiencing exposures lower than those tolerated by others
(47.1–59.7 µg/L⋅h). They had good clinical and radiological responses.
Treatment is ongoing in three cases.

2.1.4

Case 4

An infant was diagnosed with multicentric IM at 3 days of age, with

4

DISCUSSION

subcutaneous, intramuscular, bony, liver and lung disease (Figure 1D
and E). They were treated with vinblastine (initial dose 3 mg/m2 ) and

Marked intra- and inter-patient variabilities in vinblastine clearance

methotrexate (15 mg/m2 ).

and exposure observed in this series highlight the challenges in treating
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F I G U R E 1 MRI images demonstrating extent of disease in each case. (A) Extensive pulmonary disease in case 1, abdominal disease not
appreciable by MRI. (B) Renal, retroperitoneal nodal, and intramuscular disease deposits in case 2, following surgical resection of ovarian
disease. (C) Large unifocal myofibroma in case 3. (D and E) Extensive subcutaneous disease with pulmonary and liver nodules in case 4

neonates with drugs whose pharmacokinetics are not well estab-

with desacetylvinblastine the only metabolite identified,12 the isoen-

lished. Infant physiology changes significantly during the first weeks

zyme cytochrome P450 3A4 (CYP3A4) has been shown to contribute

of life, with marked variability in drug exposure previously reported in

to its metabolism in human liver microsomes.17 In addition, vinblastine

neonates treated with several chemotherapeutics.13–16

It is likely that

is known to be transported by P-glycoprotein, encoded by ABCB1.18

variability in vinblastine pharmacokinetics observed in adults is ampli-

It is therefore possible that changes in the ontogeny of these enzymes

fied in infants due to these physiological changes. While limited pub-

affecting expression and activity may impact on drug disposition in the

lished data exist concerning the metabolism of vinblastine in patients,

first weeks of life.19,20 However, more detailed and expansive clinical
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TA B L E 1

Case
1

Vinblastine pharmacokinetic parameters observed in four case subjects
Parameter
Dose
1.5 mg/m

2

PK cycles
monitored

Age
(weeks)

Cmax (µg/L)

CL (L/h)

AUC0-inf (µg/L⋅h)

Vz (L)

2

9–12

7.8–9.5 (14)

16.5–18.7 (9)

19.4–25.2 (18)

43.3–49.5 (9)

3 mg/m2

3

3–5

12–51.2 (84)

4.9–11 (38)

57.4–128.7 (47)

10.2–41.5 (57)

2

0.1 mg/kg

6

3–11

28.8–53 (20)

2.3–5.2 (32)

69–174.3 (26)

6.9–15.2 (38)

0.15–0.2 mg/kg

3

12–32

17.2–60 (61)

7.5–16.2 (45)

70.2–232.6 (62)

21.7–55.9 (52)

3

0.1 mg/kg

1

3

6.48

11.1

26.1

36.9

0.2 mg/kg

7

4–10

20.9–53.3 (53)

3–9 (43)

70.8–212.7 (55)

11.1–28.5 (35)

2

2

8–27

13.9–23.4 (36)

15.9–17.9 (7)

47.1–59.7 (17)

32.6–51.1 (31)

4

2.5 mg/m

Note: Numbers in parenthesis represent the coefficient of variation (CV %).
Abbreviations: AUC0-inf , area under the plasma concentration-time curve; Cmax , maximum plasma concentration; CL, clearance, PK, pharmacokinetic; Vz,
volume of distribution.

pharmacology studies are required to better understand the pharma-
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The current case series highlights the challenges of diagnosing and
treating IM. Indeed, in this respect the diagnosis of IM in case 3 was
subsequently modified based on advanced molecular results. The case
has been included here based on similar phenotypic features and a clinical decision-making process based on the diagnosis of IM.

5

CONCLUSIONS

Chemotherapy dosing in infants and neonates is challenging, particularly for drugs such as vinblastine, where no age-specific pharmacokinetic data exist. Adaptive dosing can potentially have a role to play in
optimising drug exposure in rare conditions without established treatment guidelines, even in the absence of a defined therapeutic window,
but relationships between exposure and clinical response and/or toxicity need to be determined. Marked intra- and inter-patient variabilities in vinblastine exposure were observed in the current study, providing novel clinical pharmacology data in a rare patient population. More
expansive, prospective clinical pharmacology studies are required to
better understand the disposition of this drug in infants and children.
Such an approach will help to support the development of evidencebased vinblastine dosing guidelines in this challenging population.
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