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Background. Pilocytic astrocytoma is a rare tumor in adults. This report is of a prospective clinical trial with long-term follow-up.

Methods. Between 1986 and 1994, 20 eligible adults with supratentorial pilocytic astrocytomas were enrolled in a prospective inter-
group trial of radiotherapy (RT) after biopsy (3 patients) or observation after gross (11 patients) or subtotal (6 patients) resection.

Results. At the time of analysis (median follow-up, 20.8 years), 2 patients (10%) have died and 18 patients (90%) are alive. Neurologic
and cognitive function were stable or improved over time for the majority of patients. No toxic effects of treatment or malignant trans-
formations have been recorded at last follow-up. For the entire cohort the 20-year time to progression and overall survival rates are
95% and 90% respectively. The cause of death (2.2 and 16.1 years after enrollment) in both patients was unrelated to tumor although
both were biopsy-only patients. One subtotally resected tumor progressed 1 month after enrollment requiring P*? injection into an
enlarging cyst. Because of further progression this patient required RT 18 months later. This patient is alive without evidence of pro-
gression 18 years after RT.

Conclusion. The long-term follow-up results of this prospective trial confirm that adults with pilocytic astrocytomas have a favorable
prognosis with regard to survival and neurologic function. Close observation is recommended for adults with pilocytic astrocytomas,
reserving RT for salvage, as the majority remain stable after gross or subtotal resection and no adjuvant therapy.
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Pilocytic astrocytomas, World Health Organization grade I tu-
mors," are well-circumscribed, enhancing lesions typically located
in the cerebellum of children. In children, surgical resection alone
results in a favorable outcome, with a 10-year cancer-specific sur-
vival >95%.% Although pilocytic astrocytoma is the most com-
mon glioma in children,? it is very uncommon in adults. Due to
the rarity of these tumors in adults little is known regarding the
natural history of these tumors or the effect of treatment in
adult patients. In 2004 we reported initial results of a prospective
intergroup trial that enrolled adults with supratentorial pilocytic

astrocytomas, and to our knowledge this is the only published
trial composed solely of adult patients with pilocytic astrocyto-
mas.* With a doubling of follow-up (from 10 years to 20.8
years) since the initial publication, we report the long-term results
of this prospective trial.

Materials and Methods

In 1986, the North Central Cancer Treatment Group (NCCTG, now
the Alliance for Clinical Trials in Oncology) opened prospective
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clinical trial 86-72-51 of observation after a subtotal or gross total
resection for adults with supratentorial pilocytic astrocytomas. In
1991, the trial became an intergroup study when the Radiation
Therapy Oncology Group (RTOG) joined the trial, and a new goal
was added to investigate the effects of radiation therapy (RT) in
adults with unresected pilocytic astrocytomas (biopsy only). The
trial was closed after the accrual goal was met for the separate
low-grade glioma study arms of the trial in 1994.°

Patients

Adult patients (age >18 years) with completely or incompletely
resected supratentorial pilocytic astrocytomas were enrolled. All
patients provided informed consent before enrolling in the trial.
The institutional review boards for all sites that participated in
the trial approved the study. Central pathologic review was per-
formed by the trial neuropathologist (Bernd W. Scheithauer, MD,
Mayo Clinic). Clinical and outcome data were collected prospec-
tively by the NCCTG (Alliance) Statistics and Data Center, accord-
ing to the protocol specifications.” Data quality was ensured by
review of data by the Alliance Statistics and Data Center and by
the study chairperson following Alliance policies.

Treatment

After subtotal or gross total resection, patients were registered
and observed. Patients with radiographic evidence of progression
were treated off protocol. Patients in whom only biopsy had been
performed received RT with localized radiation fields that included
the tumor volume and edema (as defined by MRI or CT) with a
2-cm margin, treated to a total dose of 50.4 Gy in 28 fractions.
After RT completion, each patient’s RT chart, simulator and port
films, RT plan, and preoperative imaging studies were reviewed
for quality assurance by one of the authors (E.G.S.).

Evaluation

Patients underwent physical examination at study entry (base-
line), every 4 months for 2 years, every 6 months for 3 years,
and annually until year 25. The examination included a neurolog-
ic examination, determination of the neurologic function score
(NFS; Table 1), a Folstein Mini-Mental State Examination
(MMSE),® assessment of toxicity in patients who received RT,
and CT or MRI. Progression was defined on imaging if an increase

Table 1. Neurologic function scores and definitions

Score  Definition

0 No neurologic symptoms; fully active at home/work without
assistance

1 Minor neurologic symptoms; fully active at home/work without
assistance

2 Moderate neurologic symptoms; fully active at home/work but
requires assistance

3 Moderate neurologic symptoms; less than fully active at home/
work and requires assistance

4 Severe neurologic symptoms; totally inactive requiring complete

assistance at home or in an institution; unable to work

in tumor size was plainly apparent or the tumor size had in-
creased by at least 25% as determined by the product of the per-
pendicular diameters. A change of more than three MMSE points
was considered clinically significant.”

Statistical Analysis

Date of data lock for this manuscript was October 21, 2014. Fre-
quency distributions and summary statistics were calculated for
all clinical and histologic variables. The time-to-event distribu-
tions (eg, overall survival, time to progression, and progression-
free survival) and confidence intervals were estimated using
Kaplan-Meier curves.® Statistical analyses were conducted by
the Alliance Statistics and Data Center.

Results

Patients and Clinical Features

Twenty-one patients (18 resected, 3 biopsied) were accrued be-
tween 1986 and 1994. One resected patient was found to be in-
eligible after additional pathologic review, and the patient’s
diagnosis was changed to ganglioglioma (the patient was alive

Table 2. Patient characteristics at study entry

Characteristics Patient Group
Observation Radiation Total
(n=17) (n=3) (n=120)

Age (y)

<40 12 (71) 2 (67) 14 (70)

>40 5 (29) 1(33) 6 (30)
Sex

Male 6 (35) 1(33) 7 (35)

Female 11 (65) 2 (67) 13 (65)
NFS

0 6 (35) 1(33) 7 (35)

1 6 (35) 1(33) 7 (35)

2 0 (0) 1(33) 1(5)

Unknown 5(29) 0 (0) 5 (25)
MMSE score

0-26 1(6) 0(0) 1(5)

27-30 9 (53) 3 (100) 12 (60)

Unknown 7 (41) 0 (0) 7 (35)
Preoperative tumor diameter (cm)

<5 16 (94) 2 (67) 18 (90)

>5 1(6) 1(33) 2 (10)
Tumor location

Temporal lobe 8 (47) 0 (0) 8 (40)

Other site 9 (53) 3 (100) 12 (60)
Extent of operation

Gross total (65) 0 (0) (55)

resection
Subtotal resection 6 (35) 0 (0) 6 (30)
Biopsy 0 (0) 3 (100) 3 (15)

NFS, neurologic function score; MMSE, Mini-Mental Status Examination.
Numbers in parentheses are percentages.
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without evidence of disease 11.1 years after gross total resec-
tion). Therefore, data on 20 eligible patients are available for anal-
ysis with a median follow-up of 20.8 years for the living patients
(range, 17.1-27.0 years). Patient characteristics are listed in
Table 2. The median age at enrollment was 32 years (range,
20-47 years) and the majority of patients (55%) underwent
gross total resection. The tumors in the three patients who only
underwent biopsy were located in the pineal region, left frontal
lobe, and left thalamus.

Overall Survival, Time to Progression, and Progression-Free
Survival

Table 3 lists the key characteristics and outcome data for all 20
patients. Time to progression, overall survival, and progression-

Table 3. Treatment and patient outcome

free survival for the entire cohort, by treatment group, and extent
of resection are outlined in Table 4 and Figs 1 and 2. One biopsied
patient (Patient 17) died ~2 years after completing RT. The cause
of death is unknown, with no evidence of progression at evalua-
tion 1 month before the patient’s death. Another biopsied patient
(Patient 20) died due to respiratory failure 16.1 years after enroll-
ment with no evidence of progression prior to death. One resected
patient (Patient 9) had disease progression after minimal subtotal
resection (ie, <25% of tumor resected). One month after surgery
the patient had growth of a cyst and was treated with P*2, a ra-
dioactive isotope. Approximately 18 months later, the patient had
clinical and radiographic evidence of progression. The patient was
subsequently treated with 55.8 Gy of RT and has no evidence of
progression 18 years later. The remaining 17 patients (85%) are
alive at last follow-up with no evidence of progression.

Patient No.  Age,y  Sex  Tumor Location Extent of Resection  Radiation Dose (Gy) ~ Tumor Progression, y  Survival Status, y°
1 20 M R Temporal GTR(Lob) None No, 20.4 Alive, 20.4
2 47 F Third Ventricle GTR None No, 27.0 Alive, 27.0
3 32 M L Temp/Occ GTR None No, 26.5 Alive, 26.5
4 21 F L Temporal GTR None No, 25.8 Alive, 25.8
5 46 M L Front/Temp GTR None No, 25.1 Alive, 25.9
6 21 F L Thalamus GTR None No, 25.6 Alive, 25.6
7 40 F L Temporal GTR(Lob) None No, 24.5 Alive, 24.5
8 22 M L Frontal STR None No, 24.9 Alive, 24.9
9 40 F R Thalamus STR None Yes, 0.1 Alive, 20.2
10 35 F L Occipital GTR(Lob) None No, 21.6 Alive, 21.6
11 31 F L Frontal Bx 50.4 Gy No, 10.1 Alive, 18.8
12 22 M R Temporal GTR None No, 21.1 Alive, 21.1
13 41 F R Frontal GTR None No, 8.1 Alive, 18.7
14 37 F L Thalamus STR None No, 17.7 Alive, 18.5
15 32 F R Temporal GTR None No, 14.2 Alive, 18.2
16 31 F R Parietal STR None No, 14.9 Alive, 18.3
17 21 F L Thalamus Bx 50.4 Gy No, 2.1 Dead, 2.2
18 37 M L Brainstem STR None No, 17.1 Alive, 17.1
19 32 F L Front/Temp STR None No, 9.5 Alive, 17.1
20 41 M Third Ventricle/Pineal Bx 50.4 Gy No, 15.9 Dead, 16.1

Patient No., patient number; M, male; R, right; GTR, gross total resection; lob, lobectomy performed at operation; F, female; L, left; STR, subtotal resection;

Bx, biopsy.
%Years since study entry.

Table 4. Progression-free, overall survival, and progression-free survival rates

Treatment Progression-free Rates, % (95% CI) Overall Survival Rates, % (95% CI) Progression-free Survival Rates, %
(95% CI)
At 5, 10, 15 Years At 20 Years At 5, 10, 15 Years At 20 Years At 5, 10, 15 Years At 20 Years

All (20 pts) 95 (86-100) 95 (86-100) 95 (86-100) 90 (78-100) 90 (78-100) 83 (67-100)
Resected (17 pts) 94 (84-100) 94 (84-100) 100 100 94 (84-100) 94 (84-100)

GTR (11 pts) 100 100 100 100 100 100

STR (6 pts) 83 (58-100) 83 (58-100) 100 100 83 (58-100) 83 (58-100)
Biopsy only (3 pts) 100 NA 67 (30-100) NA 67 (30-100) NA
(I, confidence interval; pts, patients; GTR, gross total resection; STR, subtotal resection; NA, Not Available.
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Fig. 1. Time to progression (A) and survival (B) for entire cohort.

Mini-Mental State Examination

Thirteen patients (10 resected, 3 biopsied) underwent a baseline
MMSE (Table 2) and the median score was 30 (range, 25-30).
Thirteen patients (11 resected, 2 biopsied) underwent two or
more MMSEs (median score, 8; range, 2-13), and the median in-
terval between the earliest and latest MMSE was 8.1 years (range,
2.1-14.9 years). No clinically significant changes were seen in 10
of 11 resected patients; one resected patient (Patient 4) had a
significant gain in score compared with baseline 6 months after
enrollment, an improvement that was maintained 4.1 years
later. Two biopsied patients had declines in at least one MMSE
score. Patient 17 had a significant decrease in MMSE score 1
year after enrollment and the MMSE score did not return to base-
line even by 2.1 years after enrollment (shortly before the pa-
tient’s death). For Patient 20 only one score (1.9 years after
enrollment) was significantly below baseline, and all other scores
were close or equal to baseline out to 14.2 years after enrollment.

Neurologic Function Score

Fifteen patients (12 resected, 3 biopsied) had a baseline NFS
(Table 2) and the median score was 1 (range, 0-2). NFS was ob-
tained at two or more evaluations in 18 patients (15 resected, 3
biopsied); of these, 5 patients (3 resected, 2 biopsied) had worse
NFS’s while 13 had improved or stable NFS’s at follow-up. The NFS
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Fig. 2. Time to progression (A) and survival (B) by treatment group.
Biopsied patients (n=3) received RT. Resected patients (n=17)
underwent either subtotal or gross total resection.

of Patient 9 changed from 1 to 2 at the time of progression. A bi-
opsied patient (Patient 17) had an NFS of 2 a month before death.
Excluding the 2 patients without serial NFS evaluations and the 3
patients with progression or who died, at the most recent evalu-
ation (median interval between enrollment and most recent
NFS evaluation 8.1 years; range, 1.3-16.3 years) the NFS was 0
(12 patients; 80%) or 1 (3 patients; 20%).

Toxicity

No toxicity had been reported in the RT (biopsied) arm at the lat-
est follow-up examination.

Discussion

With a median follow-up of over 20 years, the results of this pro-
spective trial confirm that adults with pilocytic astrocytomas
have a favorable prognosis. However, these favorable results
contradict the results of some other adult series. A series of 44
adult patients from the University of Bonn reported 10-year
progression-free survival and overall survival rates of 67% and
77%, respectively.’ Investigators from Princess Margaret Hospital
identified 30 adult patients diagnosed from 1971-2007 and
noted 10-year progression-free survival and overall survival
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rates of 35% and 85%, respectively.'® The improved outcome in
this prospective trial compared with the two retrospective trials is
likely due to the younger patient population enrolled in the pro-
spective trial (with no patients over 47 years old) and the high
rate of gross total resection. A review of adult pilocytic astrocyto-
ma patients identified in the Surveillance, Epidemiology, and End
Results (SEER) Program confirmed younger age and greater ex-
tent of resection to be positive prognostic factors.?

The two patients in the biopsy-only group had worse overall
survival than the surgically resected group in this prospective
trial, although neither patient died as a result of tumor progres-
sion. The biopsy-only patients were treated with RT, which has
been associated with worse survival in adult patients with pilo-
cytic astrocytomas, although this is likely due to patient selec-
tion.? Other studies have shown that while adjuvant RT
significantly improves tumor control it has no impact on survival
(due to efficacy of salvage therapies).'®

In the current prospective trial, a treatment paradigm of resec-
tion followed by close observation, reserving RT for salvage or for
biopsy-only patients, resulted in good patient function over time.
Neurologic function, prospectively measured and quantified with
the NFS, was stable or improved for the majority of patients. For
the vast majority of patients cognitive function as measured by
the MMSE remained stable over time, recognizing more discrimi-
nating neurocognitive assessment tools may have identified
more subtle cognitive changes.*!

Gross total resection of pilocytic astrocytoma has been deemed
by some to be curative, resulting in superior outcomes when com-
pared with subtotal resection, and therefore complete resection is
often strongly advocated in this patient population.*®!* In the cur-
rent prospective trial, overall survival, time to progression, and
progression-free survival outcomes after subtotal resection and
gross total resection were similar. In contrast, retrospective studies
have typically found better outcomes after gross total resec-
tion,”'413 although this finding has not been consistent for all se-
ries’* and all these retrospective studies are of similar or smaller
size compared with the current prospective trial. A large review of
adult pilocytic astrocytoma patients identified in the SEER Program
found gross total resection to be strongly associated with better
survival outcomes, recognizing that changes in the site-specific
coding system concerning extent of resection made it difficult to
differentiate extent of resection in some cases in the registry.’

To date, no cases of malignant transformation have occurred
in our prospective trial, likely due to the relatively small size of the
study population, as malignant transformation in adult patients is
a rare event.'® The cause of malignant transformation remains
unknown. Some have implicated RT as the primary cause of ana-
plastic change based on limited anecdotal evidence; however, it is
important to note there are as many reports of spontaneous ma-
lignant transformation in adult patients®*°~'9 as there are after
RT.1 A large review of over 2000 adult and pediatric pilocytic as-
trocytomas identified 34 (1.7%) tumors with anaplastic features,
the vast majority being in adult patients.?° Interestingly only a
small minority (12%) had a history of prior RT.

Conclusion

With long-term follow-up the results of this prospective trial sup-
port the treatment paradigm of resection followed by observation

for this patient population based on the favorable tumor control
and survival. In addition, most patients maintained their neuro-
logic function over time. Since so few patients on this trial re-
ceived RT it is difficult to comment on the role of RT for adult
patients with pilocytic astrocytoma although a reasonable ap-
proach is to reserve RT for salvage or for unresectable disease.
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