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Survival and Neurologic Outcome of Infants With 
Medulloblastoma Treated With Surgery 

and MOPP Chemotherapy 

A Preliminary Report 

TALLIE Z. BARAM, MD, PHD,**t JAN VAN EYS, PHD, MD,' RICHARD E. DOWELL, PHD,* AYTEN CANGIR, MD," 
BECKY PACK, RN, PNP' AND JANET M. BRUNER, MDS 

The results of treatment of infants with medulloblastoma using surge\ry and chemotherapy, without the 
use of radiation therapy, are reported. Both survival and outcome, in terms of growth, neurologic deficit, 
and intelligence are compared with the same parameters in children treated conventionally. Although 
preliminary, our results suggest that chemotherapy combined with surgery is a valid option for the 
treatment of infants with this type of neoplasm. 

Cancer 60173-177,1987. 

RIMITIVE NEUROECTODERMAL TUMORS of the POS- P terior fossa, or medulloblastomas, are common 
and constitute between 20% and 23% of all brain tumors 
in the pediatric age The incidence in infants 
aged less than 3 years is The outcome of me- 
dulloblastoma of childhood has been progressively im- 
proving during the past two decades. Initially, in Cush- 
ing's day, a 5 year survival was practically unknown. 
The introduction of improved surgical techniques and 
radiation therapy has steadily improved outcome. Cur- 
rently, large centers are reporting a 50% to 75% 5 year 
survival in children with medulloblastoma, while the 
epidemiologic studies documented by the Surveillance, 
Epidemiology, and End Results (SEER) group suggest a 
5 year survival of 39%;4 the outcome is far less optimistic 
in the case of  infant^,^ with 27% 1 year survival and less 
than 20% 5 year survival being commonly cited in the 
l i terat~re.~.~ Moreover, there have not been any major 
advances in improving the outcome of this high risk 
group. Surgery alone, without radiation and/or chemo- 
therapy, is associated with 100% mortality. Radiation 
therapy has changed this poor picture, but at the price of 
significant morbidity and late ~equelae.~.'.~ Craniospinal 
irradiation is associated with disruption of growth, re- 
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lated both to arrest of skeletal development and endo- 
crinologic dysfunction, such as, deficiency of growth 
hormone.'.' Low intelligence, as measured by both per- 
formance and verbal intelligence quotients (IQ), numer- 
ous learning disabilities, and attention deficit disorders 
are well documented in this p~pulat ion.~.~ Moreover, 
the morbidity seems to be inversely related to age, with 
youngsters aged less than 4 years being the most ad- 
versely affe~ted.~,~." 

Chemotherapy has been attempted in several group 
studies"-l3 and has been shown to be of benefit in in- 
fants with medulloblastoma. 

This report describes the results in nine consecutive 
infants with medulloblastoma, treated at the University 
of Texas System Cancer Center M. D. Anderson Hospi- 
tal and Tumor Institute. 

Patients and Methods 

Study population consisted of nine consecutive in- 
fants, aged less than 36 months, seen and treated since 
August 1979. All patients had pathologically proven 
medulloblastoma, reviewed by the neuropathologist at 
our institute, and had total or subtotal resection before 
therapy. The patient's age at diagnosis, sex, extent of 
disease, and time of follow-up are documented in Table 
1. Chemotherapy consisted of the methylchlorethamine, 
vincristine, procarbazine, and prednisone (MOPP) regi- 
men as detailed in Table 2. Drug doses have been modi- 
fied as displayed in that table. Examination of patients 
on presentation consisted of computed tomography 
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TABLE 1. Characteristics of Infants Treated With MOPP Chemotherapy 

CSF Tumor histology FOIIOW-UP 
Residual local CYtoIogY time from 

No./sex Age at dx (mo) disease on CT at dx Desmoplasia Differentiation Outcome dx 

1 M  
2M 

3 M  
4 F  
5 M  
6 M  
7 M  
8 F  

9 M  

18 
10 

33 
12 
22 
16 
33 
18 

7 

None 
Massive residual 

None 
None 
None 
None 
None 
Minimal CT 

None 

tumor 

enhancement 

None* 
None* 

None 
None* 
None 
None 
Astrocytic 
None* 

Astrocytic 

Alive? 
Alive 

Dead§ 
Alive11 
Alive 
Alive 
Alive 
Alive 

Dead 

7 Yr 
5 Yr 

19 mo 
3% yr 
3 Yr 
2 Yr 
1 Yr 
7 mo 

5 mo 

MOPP methylchlorethamine, vincristine, procarbazine, and pred- 
nisone; dx: diagnosis; CT: computed tomography; CSF cerebrospinal 
fluid; NA: not applicable; XRT: radiation therapy; IV: intravenous; 
ALL; acute lymphoblastic leukemia. 

* Immunohistochemistry not done. 
t Cauda equina recurrence, received craniospinal XRT. 

(CT) of the brain, with and without contrast, supple- 
mented more recently by magnetic resonance imaging. 
Patients 6 and 7 had radiographic examination of the 
spinal canal. Cerebrospinal fluid was tested for malig- 
nant cells, protein, glucose, microbiologic stains and, 
more recently, for polyamines. Disease dissemination 
was evaluated using bone survey and bone marrow 
studies. 

Multiple sections of tumor from each patient were 
examined by light microscopy. Immunohistochemical 
staining of formalin-fixed, paraffin-embedded tissue was 
performed according to standard methods in four pa- 
tients with appropriate positive and negative controls. 

TABLE 2. MOPP Regimen 

Administration regimen 

28 d cycles, given for 2 yr 

Nitrogen mustard 6.0 mg/M2 d 1, 8 
Vincristine 1.4 mg/M2d I ,  8 
Procarbazine 100 mg/M2d 1-10 
Prednisone 40.0 mg/M2 d 1-10 then tapered 

Dose modification for hematopoietic toxicity 

WBC 3000-4000/~1 

Platelets > 100,000 jd 
WBC 2000-3000/d 

WBC 1000-2000/~l 

Platelets 50,000-100,000/rl 

50% of procarbazine and 
nitrogen mustard 

25% of procarbazine and 
nitrogen mustard 

No procarbazine or nitrogen 
mustard 50% of vincristine 

Vincristine 100% and 25% of 
nitrogen mustard; no 
procarbazine 

Platelets 40 ,00O/~~ l  No therapy 

WBC: leukocyte count. 

$ Cleared on MOPP. 
4 Recurred locally and developed ALL; died despite therapy. 
11 Relapsed locally, salvaged with cisplatin. 
B Never responded to therapy: MOPP, cisplatin, IV procarbazine, or 

to XRT. 

Polyclonal antibodies to glial fibrillary acidic protein 
(GFAP) and monoclonal antibodies to neurofilament 
protein 200 kd (NF) were used in all four, and antibod- 
ies to vimentin, S-100 protein, or neuron-specific eno- 
lase were sometimes applied. Differentiation was de- 
fined as reactivity of cytoplasm and/or processes of neo- 
plastic cells with antiGFAP or antiNF. Neurologic 
examinations were conducted at our institute on presen- 
tation and on follow-up visits. 

Developmental assessments were completed on all 
surviving patients followed by us (five) using a modified 
version of the Denver Developmental Screening Test. 
Additional testing of adaptive behavior, using the Vine- 
land Adaptive Behavior Scales (two), and of cognitive 
abilities, using the McCarthy Scales of Children’s Abili- 
ties (one), were completed on two infants. A compre- 
hensive assessment using the Vineland and Wechsler 
Intelligence Scales for Children-Revised was obtained 
for Patient 1 who had also received craniospinal irradia- 
tion. 

Results 

The survival of infants with medulloblastoma, treated 
with surgery and MOPP chemotherapy is displayed in 
Figure 1. This survival curve depicts a 1 year survival of 
88% and a projected 5 year survival of 77%. Currently, 
seven of nine infants are alive, four of whom are more 
than 3 years from diagnosis, i.e., more than 1 year after 
termination of therapy, and are in complete and sus- 
tained remission. One of the survivors had had a relapse 
and was given craniospinal irradiation (CSI) at the age of 
37 months. This patient, because of his CSI, was ex- 
cluded from investigations of neurologic outcome, 
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growth, and neuropsychologic evaluation. A second pa- 
tient, surviving for more than 4 years from time of diag- 
nosis, had relapsed 3 months after diagnosis and was 
salvaged using cisplatin. She is included in the neuro- 
logic and growth evaluation. The two deaths occurred 
less than 6 months and 20 months, respectively, after 
diagnosis. The first, an infant aged 7 months at time of 
diagnosis, had relentless progressive disease, unrespon- 
sive to two surgical procedures, cranial irradiation, and 
various chemotherapy regimens, including MOPP, car- 
boplatin, and continuous-infusion intravenous procar- 
bazine. The second infant, while on his MOPP regimen, 
developed local disease recurrence as well as acute lym- 
phocytic leukemia and died. 

Tumor desmoplasia and differentiation are shown in 
Table 1. No tumor showed evidence of ependymal, oli- 
godendroglial, or neuronal differentiation with routine 
light microscopy or special immunohistochemical 
stains. Astrocytic differentiation in the two cases indi- 
cated was focal, but definite, involving moderate num- 
bers of neoplastic cells. 

Table 3 shows the neuropsychologic and neurologic 
status and growth parameters of the surviving infants. 
Of six evaluable survivors, five display cerebellar find- 
ings related to the original disease. Motor function as 
measured by tone, strength, and tendon reflexes is intact 
in four of six survivors, one is abnormal, and one has 
not been followed at our institution. Neuropsychologic 
assessment of the six survivors not given craniospinal 
irradiation reveals average range performance on the 
majority of developmental and adaptive behavior mea- 
sures. On the Denver Developmental Screening Test, 
four of five patients tested have developmental quo- 
tients greater than 90%; the other is mildly retarded. 
Vineland Adaptive Behavior Composite scores for the 
two children who had received comprehensive assess- 
ments are 113 and 88 (this patient has motor incoordi- 
nation with motor domains scaled score = 77, and gen- 
eral cognitive abilities = 1 15). In contrast, Patient 1 who 
had received craniospinal irradiation exhibits global im- 
pairments (Wechsler verbal IQ = 60, and performance 
IQ = 87) that were not apparent during early develop- 
ment. Findings also indicate significant deficits on the 
Vineland domains of communication (score = 52), daily 
living skills (score = 37), and socialization (score = 69). 
Growth of four of six surviving infants is within normal 
range, being more than 20th percentile for height and 
weight. 

Discussion 

Medulloblastomas account for approximately 20% of 
all brain tumors in infants and children. This malignant 
posterior fossa tumor, uniformly fatal in the past, now 
cames a 50% survival in academic centers.14 More re- 

FIG. 1 .  SuMval curve for nine infants with medulloblastoma (Kap 
lan-Meier method). Censored = alive (seven); uncensored = dead 
(two); squares indicate time of death; short vertical lines indicate length 
of follow-up. 

cently, high risk groups with much lower survival rates 
have been ide~~tified,~.~ one major group being infants. 
Thus, an age at onset of less than 3 years is associated 
with a 1 year survival rate of 27% and a projected 5 year 
survival rate of less than 18%.4 The cause for the de- 
creased survival in infants with medulloblastoma is not 
clear. A popular hypothesis, assuming the onset of all 
medulloblastomas in ufero, suggests that medulloblas- 
tomas in infants are more aggressive as manifested by 
their earlier appearance and diagnosis. A second possi- 
bility relates to the less aggressive therapy received by 

TABLE 3. Growth and Neurologic Outcome of SuMvors of 
Medulloblastoma Treated With Resection and MOPP (no. = 6)* 

Normal Abnormal Unknown* 

Neuropsychologic examt 416 116 116 
Neurologic exam 

Motor 416 116 116 
Cerebellar 116 316 2f 6 

Height > 20th percentile 416 116 116 
Weight > 20th percentile 416 116 116 

* Seventh survivor received craniospinal irradiation. 
t Followed elsewhere, not seen for > 1 yr, or not recorded. 
$ See text for detailed testing parameters. 
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infants, poor tolerance to chemotherapy, and/or doses 
of radiation smaller than conventionally employed. 

Furthermore, the morbidity in infant survivors with 
medulloblastoma is very significant. Numerous investi- 
gators including Li et a1.,I4 Raimondi and T ~ m i t a , ~  and 
Spunberg et al. l 5  have documented the poor functional 
outcome of survivors. Mainly affected are intelligence, 
as measured by developmental quotient, performance 
and verbal IQ, growth, and general adjustment in school 
and in society. Thus, of six infants with medulloblas- 
toma in Raimondi and Tomita’s study, only two are 
more than 10th percentile in height, only two are in 
regular school, and three have major neurologic prob- 
lems such as hemiplegia and blindness. This is unfavor- 
ably compared with youngsters with posterior fossa 
tumors not necessitating radiation such as cerebellar as- 
trocytomas (all in regular school, all with normal height, 
75% with normal neurologic examination). 

Chemotherapy, in conjunction with radiation ther- 
apy, has been shown to be effective in selected high risk 
groups of youngsters with medulloblastoma, specifically 
those with younger age at onset. Both the Children’s 
Cancer Study Group (CCSG) study,” as well as the sum- 
mary of the International Society of Pediatric Oncology 
(SIOP) groupI2 suggest an increased survival rate of in- 
fants treated with chemotherapy compared with those 
given radiation therapy alone following surgery, More- 
over, recent unpublished data from the Pediatric Oncol- 
ogy Group (POG) studies comparing the using of MOPP 
chemotherapy as an adjuvant in children with medul- 
loblastoma with conventional therapy (surgery followed 
by radiation) alone suggest a better outcome for young- 
sters receiving chemotherapy. I 3  

In this study we elected to use the MOPP regimen. 
The rationale for using this drug combination is as fol- 
lows: 

Each of the major components of this regimen, i.e., 
nitrogen rnustard,l6 vincristine,””’ and procarbazine” 
has been shown independently to be effective against 
brain neoplasms. The toxicity spectrum and range of 
this particular combination have been well documented 
throughout its extensive use for youngsters with Hodg- 
kin’s disease.20 Moreover, in a Phase I1 study in infants 
with brain tumors, MOPP was well tolerated.2’ The tox- 
icity is mainly hematologic and may necessitate reduc- 
tion of the dose. We have had no major bleeding epi- 
sodes or deaths related to this regimen in our group, and 
most infants tolerated it well. Infections constituted the 
major adverse sequel of this drug regimen. 

Despite the fact that the main aim of the current study 
was to eliminate the morbidity associated with radiation 
therapy and not necessarily decrease mortality, the sur- 
vival data of the nine infants reported are encouraging. 

The reasons underlying the improved survival of the 
nine infants are not immediately clear. Histology, dis- 
semination of disease preoperatively and postopera- 
tively, as well as treatment and statistical chance, may 
all be contributing factors. 

A diverse spectrum of histologic subtypes of medul- 
loblastoma was included in this group of neoplasms; 
several were desmoplastic variants. However, this type 
has been claimed to portend either a bettes’ or a 
prognosis. The presence of cell differentiation and its 
relation to prognosis is also under close scrutiny. Two 
recent studies have claimed either an improved24 or a 
decreased25 recurrence-free survival period with evi- 
dence of cell differentiation in medulloblastoma. Our 
results do not clearly correlate with either view. Thus, no 
histopathologic features can adequately account for the 
apparently favorable behavior of this group of patients. 

As depicted in Table 2, two thirds of the surviving 
infants with medulloblastoma, who have not undergone 
radiation therapy, have growth rates which are within 
the normal range and no major neurologic deficits. The 
only neurologic deficit, manifested by cerebellar dys- 
function, may well be related to the nature and location 
of the primary tumor. Virtually no deficit attributable to 
the therapy has been evident. 

Neuropsychologic assessment results indicate few, if 
any, deficits in high order cognitive functions among 
children treated with MOPP chemotherapy alone. Lan- 
guage skills, which are the best predictors of cognitive 
development among infants, were found to be within 
the average to superior range for the two children who 
received comprehensive assessments. The deficits ob- 
served on measures of motor skills and coordination 
probably correlate with the original disease and the find- 
ings on the neurologic examination. In contrast, the pa- 
tient who received craniospinal irradiation manifested 
global impairments. 

Thus, it appears that surgical intervention, followed 
by the MOPP regimen of chemotherapy, without insti- 
tution of craniospinal irradiation, may be a reasonable 
and satisfactory option in the treatment of infants with 
medulloblastoma. 
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