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To examine the influence of the pathology review mech-
anism on the results of analyses of therapeutic efficacy
and biological prognostic correlates for pediatric high-
grade gliomas, we evaluated the effects of using single-
expert review or consensus review, as alternatives to insti-
tutional classification, in determining outcome results of
a large randomized trial. The study group was the ran-
domized cohort of Children’s Cancer Group study 945,
which compared efficacy of 2 chemotherapy regimens
adjuvant to surgery and radiation. Trial eligibility re-
quired institutional histopathologic diagnosis of high-
grade glioma. Sections of study tumors also were centrally
reviewed, initially by a study review neuropathologist and
subsequently by 5 neuropathologists, including the review
pathologist. Reviews were independent, and reviewers
were masked to clinical factors and outcomes, and con-
sensus diagnoses of the panel were then established.
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Among 172 eligible patients, 42 tumors were classified as
discordant on single-expert review and 51 on consensus
review. Progression-free survival probabilities calculated
for patients with tumors classified as high-grade gliomas
by either single-expert or consensus review were inferior
to those for the overall, institutionally diagnosed cohort.
However, conclusions of the study regarding relative effi-
cacy of treatment and clinical and molecular outcome cor-
relates were unaffected by diagnosis method. Resection
extent, proliferation index, and p53 expression were asso-
ciated strongly with outcome, regardless of diagnosis
method. However, comparisons between arms in which
inclusion was determined by different review criteria for
each arm caused spurious conclusions about efficacy dif-
ferences between treatments. We conclude that the pathol-
ogy review mechanism had little effect on within-trial
comparisons of therapeutic effects or prognostic corre-
lates in this randomized study, but strongly influenced sur-
vival distributions that were calculated for each treatment
arm. These results support the implementation of expe-
dited central review in therapeutic studies involving child-
hood malignant gliomas as a way to prospectively iden-
tify and exclude cases with discordant diagnoses and
indicate the need for additional measures, such as molec-
ular assessments, to increase the reproducibility of neuro-
pathologic classification for these tumors. Neuro-Oncology
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( :lassifying gliomas is challenging and requires
judgment, experience, and meticulous adherence
to established nosologic guidelines. Because of the

histologic heterogeneity of these tumors, it is not uncom-

mon for experienced reviewers to reach different diag-
noses from specimens of the same tumor (Aldape et al.,

2000; Childhood Brain Tumor Consortium, 1989; Yung

et al., 1999). Pediatric gliomas pose additional difficul-

ties because there are several low-grade variants that
arise specifically in children, exhibit many morphologic
features of malignancy, and are easily mistaken for high-
grade gliomas, yet are associated with generally favorable

prognoses (Kleihues et al., 1993; Papahill et al., 1996).

These diagnostic challenges have complicated the design

of clinical trials of new therapeutic approaches to im-

prove the generally poor prognoses of malignant gliomas.

Most studies to date have been designed using an “intent-

to-treat” approach, which is generally accepted by bio-

statisticians (although not necessarily by all clinical
investigators) as the preferred basis for analysis in com-
parative clinical trials (Schwartz and Lellouch, 1967; Tsi-
atis, 1990). This approach acknowledges that there is no
absolute standard by which inclusion can be validated,
and inclusion criteria established on an institutional basis
provide a real-world approximation of efficacy of a given
treatment under conditions in which it is most likely to
be applied. Some favor an alternate approach that in-
volves restriction of analyses to patients judged by post
hoc central review to have met a protocol’s eligibility cri-
teria. To evaluate the influence of both analytic approaches
on study interpretations, we critically examined the re-
sults of the Children’s Cancer Group 945 study (CCG-

945),% the largest randomized study reported to date of

pediatric malignant gliomas (Finlay et al., 1995), in the

context of central review by an independent panel of 5

senior neuropathologists. Although the study found

striking discrepancies between institutional, individual-
reviewer, and consensus diagnoses, these disparities had
no influence on interpretation of the within-trial com-
parisons, or identification of important clinical and bio-
logical prognostic factors. However, we found that poten-
tially serious interpretational errors could arise when
outcome results defined by different reviewers were com-
pared, which mandates that caution be exercised in com-
paring published studies for high-grade gliomas (HGGs)
in which different review criteria have been employed.

This observation supports the use of prospective, panel-

based, central review for cooperative group studies

involving these tumors to facilitate exclusion of discor-
dant histologies and thereby enhance the reliability of
cross-study comparisons of outcome data.

Methods

Patient Population

We examined the randomly assigned patients of the
HGG study CCG-94S5 (Finlay et al., 1995). Eligible chil-
dren with malignant gliomas were treated with a com-
bination of surgery, radiotherapy (5400 cGy in 180-cGy
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fractions), and chemotherapy with (a) the postirradiation
regimen of prednisone, CCNU (lomustine), and vin-
cristine (pCV) or (b) the 8-drugs-in-one-day (8-in-1) reg-
imen, administered for 2 cycles before and continued
after irradiation. This more complex regimen incorpo-
rated 7 agents with some activity against pediatric brain
tumors: lomustine, vincristine, hydroxyurea, procar-
bazine, cisplatin, cytosine arabinoside, and dacarbazine;
methylprednisolone was added to reduce cerebral edema.
The goal of this approach was to circumvent resistance
to individual agents by exposing the tumor to multiple
agents, albeit at low-dose intensity. Details of these regi-
mens have been previously reported (Finlay et al., 1995;
Pendergrass et al., 1987). Patients between 18 months
and 21 years old who had intracranial HGGs (N = 172)
were assigned randomly between the 2 treatment regi-
mens (Finlay et al., 1995). CCG-945 was open to par-
ticipating institutions between April 1, 1985, and May
31, 1990. Eligibility mandated institutional histopatho-
logic confirmation of HGG that arose primarily outside
the brainstem. Tumors were categorized as glioblastoma
multiforme (GBM), anaplastic astrocytoma (AA), or other
eligible high-grade glioma (other HGG) such as anaplas-
tic oligoastrocytoma. No therapy other than surgery was
permitted before entry. Decisions concerning the extent
of tumor resection were left to the discretion of the treat-
ing neurosurgeon; however, the protocol recommended
removal of as much tumor as was safely feasible.

Institutional histologic diagnoses and clinical factors
were recorded for all patients, and long-term follow-up
was achieved. In a subset of patients for whom there was
sufficient archival histologic material for biological
analyses, immunohistochemical and molecular data also
were collected, masked, and recorded in a separate data-
base, which was merged with the clinical database for
outcome analyses. For this analysis of review histologic
classification, the Pediatric Branch of the Cooperative
Human Tissue Network coordinated tissue accrual and
distribution for each case. Specimens were coded so that
investigators other than statisticians were masked to clin-
ical and outcome results.

Central Review Process

In initial reports of this series (Allen et al., 1998; Finlay
et al., 1995; Geyer et al., 1995; Wisoff et al., 1998), the
review neuropathologist (A.].Y) examined all cases and
assigned a review diagnosis. Tumors were categorized
into 4 groups: GBM, AA, other HGG, and not-HGG
(discordant, e.g., low-grade astrocytoma). This initial re-
view predated the revised WHO criteria published in
1993 (Kleihues et al., 1993).In the initial central review,
only 24 tumors were considered to be overtly discordant
with a diagnosis of HGG, and in 3 others the amount of
histopathologic material was inadequate to establish a
definitive review histological diagnosis.

For the current report, our diagnostic standard was
more rigorous. The review neuropathologist, who was
masked to institutional diagnoses and his original review
diagnoses, provided revised review diagnoses based on
the revised WHO criteria (Kleihues et al., 1993), and that
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review was used to establish the consensus diagnosis with
the independent, concurrent reviews of 4 other experi-
enced neuropathologists who were masked to outcome.
Cases in which at least 3 of 5 pathologists reached a com-
mon histologic diagnosis of malignant glioma with an
identical histological subtype—AA, GBM, or other
HGG—were deemed “consensus AA,” “consensus GBM,”
or “consensus other HGG,” respectively. Cases in which
at least 3 of 5 pathologists reached a diagnosis of HGG
but fewer than 3 agreed about the exact subtype classi-
fication were considered to be “HGG, without subtype
consensus.” Cases in which at least 3 of 5 pathologists
classified the tumor as discordant were considered to be
“consensus not HGG.”

Primary Outcome Comparison

The primary goal of the original clinical study was to
compare efficacy of the pCV regimen with that of the
8-in-1 regimen. That outcome, based upon institutional
diagnoses, was among the best reported for these tumors,
with a 5-year overall survival of 36 =6% and a S-year
progression-free survival of 33 =5% (Finlay et al., 1995).
Neither distributions of progression-free survival nor
overall survival differed significantly between treatment
arms based on institutional diagnoses or initial review
diagnoses (Finlay et al., 1995). Here we repeated treat-
ment comparisons of eligible patients using those who
had consensus diagnoses of HGGs and investigated dif-
ferences in sensitivity and specificity of expert reviewers
in identifying these tumors using the WHO criteria (Klei-
hues et al., 1993).

Additional Outcome Correlates

Previous reports on this cohort that used institutional
and initial review diagnoses noted a strong association
between the amount of postoperative residual disease
and outcome (Finlay et al., 1995; Wisoff et al., 1998).
More recent reports of biologic and molecular prognos-
tic factors that used institutional and revised review
diagnoses found that proliferation index (assessed by
using the MIB-1 antibody to label the Ki-67 antigen)
and p53 expression status were associated strongly with
progression-free survival (Pollack et al., 2002a, b). To
determine whether those factors were associated with
outcome when consensus diagnoses were employed, we
repeated the analyses using that more stringent inclusion
criterion.

Statistical Considerations

Survival was defined as the time from randomized assign-
ment to death or date of last contact. The primary end
point for correlating biological and molecular prognos-
tic factors was time to tumor progression, defined as the
time from randomized assignment to disease progression.
Patients who died from causes other than primary tumor
progression (n = 5) were censored at the time of death.
Kaplan-Meier estimates of distributions of time to tumor
progression and survival (Kalbfleisch and Prentice, 1980;
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Kaplan and Meier, 1958) were provided with standard
errors as suggested by Peto et al. (1976). Distributions of
time to tumor progression were compared by using the
Mantel-Haenszel statistic (Mantel, 1966), stratified when
appropriate. No patient was censored within 6.5 years of
randomized assignment, so S-year survival rates were
compared by using Fisher’s exact test. Reviewers’ sensi-
tivity and specificity for identifying HGGs were estimated
and compared by using the method of Qu et al. (1996).
This random-effects model is applicable in situations in
which there is no criterion standard and when depend-
ence, conditioned upon true diagnostic state, exists among
reviewers. In these analyses, reviewer diagnoses were
dichotomized as HGG or not.

Results

Patient Characteristics

Archival tumor specimens were submitted for central
review for the 172 eligible children who were assigned
randomly on CCG-945. In 169 of them, histopathologic
material was adequate for review, and diagnoses were
provided by all 5 review neuropathologists. A compari-
son of initial review diagnoses of the study neuropathol-
ogist (reported in the original clinical summary of the
series [Finlay et al., 1995]) and the revised review diag-
noses (based upon the 1993 revision of the WHO criteria
[Kleihues et al., 1993]) is shown in Table 1. The masked
rereview resulted in diagnoses changing for 21 (12.4%)
of 169 patients, mostly reclassifications of tumors as Not
HGG (18 of 21). Sixteen percent of cases originally diag-
nosed as AA were changed to Not HGG. In the revised
review, 42 cases were determined to be Not HGG. Com-
parisons between the revised review and the original
institutional diagnoses are provided in Table 2.

A comparison of the classification of the cohort based
on institutional and consensus review criteria showed an
even greater number of cases that were discordant by con-
sensus diagnoses (n = 51, 29.6%), as shown in Table 3.
The panel did not agree on specific histologies of 16 other
cases, but for all 16 cases the consensus was consistent
with diagnosis of HGG. There was substantial discrep-
ancy among experts in the classification of individual
tumors. Figure 1A shows the percentages of tumors clas-
sified into the 4 diagnostic groups by individual expert
reviewers, illustrating substantial variance in frequency
of tumors within categories. Of particular note was the
variance among the 5 neuropathologists in the propor-
tion of the 169 patients who had tumors inconsistent
with diagnoses of HGG (42, 56, 42, 61, and 335, rang-
ing from 20% to 36%). That variance affected tumors
that had consensus classifications of GBM (Fig. 1B), AA
(Fig. 1C), other HGG (Fig. 1D), and Not HGG (Fig. 1E).
For all groups, at least 1 reviewer reached an alternate
diagnosis in over half of the cases. This percentage was
particularly high for patients with consensus diagnoses
of Not HGG, in which more than 76% of cases were
classified as HGG by at least 1 reviewer. Based on the
random-effects model, Figs. 2A and 2B show 95% con-
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Table 1. Initial review diagnoses versus revised review diagnoses for the CCG-945 randomized cohort

Revised Review Diagnosis Based on 1993 WHO Criteria

Initial Review Other Not Insufficient
Diagnosis GBM AA HGG HGG Tissue Totals
GBM 53 0 0 3 0 56
AA 0 61 2 12 (16%) 0 75
Other HGG 0 0 11 3 0 14
Not HGG 0 1 0 23 0 24
Insufficient Tissue 0 0 0 1 2 3
Totals 53 62 13 42 2 172
Abbreviations: AA, anaplastic astrocytomas; GBM, glioblastoma multiforme; HGG, high-grade glioma.
Table 2. Revised review and original institutional diagnoses for the CCG-945 randomized cohort

Single Expert Reviewer Diagnosis
Institutional Other Not Insufficient
Diagnosis GBM AA HGG HGG Tissue Totals
GBM 37 12 3 5 0 57
AA 11 42 4 24 1 82
Other HGG 5 8 6 13 1 33
Totals 53 62 13 42 2 172
Abbreviations: AA, anaplastic astrocytomas; GBM, glioblastoma multiforme; HGG, high-grade glioma.
Table 3. Classification of the cohort based on institutional and on consensus review criteria

Consensus Panel Diagnosis

Institutional Other Not HGG, No Insufficient
Diagnosis GBM AA HGG HGG Consensus Tissue Totals
GBM 31 11 0 6 8 1 57
AA 7 39 1 28 6 1 82
Other HGG 3 7 3 17 2 1 33
Totals 41 57 4* 51 (29.6%) 16 3 172

Abbreviations: AA, anaplastic astrocytomas; GBM, glioblastoma multiforme; HGG, high-grade glioma.

*Other eligible HGG diagnoses included anaplastic mixed glioma (2), anaplastic oligodendroglioma (1), and anaplastic mixed versus anaplastic oligodendroglioma (1).

fidence interval estimates of sensitivity and specificity for
each of the 5 reviewers for their diagnoses of HGG in
relation to consensus diagnoses. Only reviewer #1 appeared
different from the other 4 in sensitivity, but all review-
ers had good sensitivity for diagnosing HGG in this
cohort. The relatively high sensitivity for all reviewers
was not surprising because each knew that the patients
had been treated on CCG-945; however, there were sta-
tistically significant differences in specificity between
reviewers #2 and #4 compared with reviewers #3 and #5
(P = 0.0001 for all 4). Reviewer #1 was statistically
significantly different from #3 and #5 (P < 0.040 and
P < 0.031, respectively) for specificity but not from
reviewers #2 and #4 (P > 0.05 for both).

Effect of Classification Criteria on
Primary Outcome Comparison

Given the substantial discrepancies in the classifications
reached by the institutional and consensus diagnoses, the
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variability between reviewers in the classification of indi-
vidual cases, and the alterations in the diagnoses of a sin-
gle expert review neuropathologist, who examined the
same cases at different points in time in the context of
evolving classification criteria, a valid concern could be
raised regarding the integrity of the original study con-
clusions in terms of comparisons of efficacy between the
2 treatment regimens. As reported, there were no differ-
ences in distributions of progression-free or overall sur-
vival when the regimens were compared using institu-
tional or original review diagnoses (Finlay et al., 1995).
Figures 3A and 3B illustrate comparisons of survival dis-
tributions for children assigned randomly to the 8-in-1
and pCV regimens, using institutional diagnosis of HGG
(shown here for reference) and consensus diagnosis of
HGG, respectively, and neither comparison is statistically
significant (P > 0.7 and P > 0.6, respectively) by Mantel-
Haenszel tests. The 5-year survival estimates for the 8-in-1
and pCV regimens were 40 =5% and 36 =5%, respec-
tively, using institutional diagnoses, but only 23 =5%
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Fig. 1. Classification of tumors by 5 individual expert reviewers and by consensus review. Panel A. The percentages of tumors classified within
different diagnostic groups by individual reviewers. For tumors within individual consensus diagnostic groups, a substantial percentage of review-
ers reached alternate diagnoses. The most discordant alternate diagnoses are shown for GBM (Panel B), AA (Panel C), other HGG (Panel D), and
Not HGG (Panel E).
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Panel A
95% Confidence Intervals for Sensitivity

Reviewer

Panel B
95% Confidence Intervals for Specificity

Reviewer

Reviewer: 3 vs. 2 and 4: P < 0.0001

Reviewer: 5 vs. 2 and 4: P < 0.0001

Fig. 2. Sensitivity and specificity for the 5 individual HGG diagnoses versus the consensus diagnosis. Based on the random-effects model, 95%
confidence interval estimates are shown for sensitivity (Panel A) and specificity (Panel B) for the individual reviewers relative to the consensus diag-

nosis of HGG.

and 19 =5%, respectively, using consensus diagnoses to
define patients with HGG. The hazard ratio for the 8-in-
1 to pCV regimens was 1.06 (95% CI, 0.7-1.5) using the
institutional diagnoses, compared with 1.08 (95% CI,
0.7-1.6) using the consensus diagnoses. The strikingly
lower survival results calculated with the HGG cohort
deemed eligible by consensus review largely reflected that
most of the excluded (Not HGG) tumors probably rep-
resented low-grade gliomas (Table 4), which have more
favorable prognoses. Although only a small percentage
of GBMs were determined to be Not HGG on consensus
review, a sizeable percentage of them were determined
either to be AA or to have HGG diagnoses without a
consensus regarding histology. Accordingly, survival per-
centages were substantially lower in the subset of 31
patients deemed to have GBM on both consensus and
institutional review than in the 26 with institutional
diagnoses of GBM and alternate diagnoses on consensus
review (Fig. 3C). An intermediate survival outcome was

Table 4. Consensus diagnosis versus institutional diagnosis

Institutional Diagnosis
Non-HGG Consensus Diagnoses*  GBM AA  Other HGG
1

Low-grade fibrillary astrocytoma
Pilocytic astrocytomas
Oligodendroglioma — mixed glioma
Ependymoma

Pleomorphic xanthoastrocytoma
Medulloblastoma — PNET
Ganglioglioma

Insufficient material for diagnosis
No consensus

Total

O O O O =~ =~ ONN
N O O O W N O u =~
= NN =2 O W h =~ DN

[e))

N

o)
N

17

Abbreviations: AA, anaplastic astrocytoma; GBM, glioblastoma multiforme; HGG, high-
grade glioma; PNET, primitive neuroectodermal tumor.

*Diagnoses represent the majority diagnoses reached by the consensus panel members
among cases classified as “Not HGG." Cases in which multiple non-HGG diagnoses were
given without a clear majority for any one diagnosis are listed as “no consensus.”
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observed in the small group of patients (n = 10) classified
as AA or other HGG on institutional review but classi-
fied as GBM on consensus review.

We next repeated the outcome analysis using diag-
noses made by each of the review neuropathologists, and
the difference in survival for patients assigned between
the 2 treatments was not significant for any of the §
reviewers (P > 0.50 for each reviewer; data not shown).
Although these results indicated that within-study com-
parisons of outcome between therapeutic arms were
unaffected by review mode, they also showed the poten-
tial for erroneous conclusions if an investigator at-
tempted to compare results for a given treatment using
one histologic inclusion approach with those calculated
using another. For example, Fig. 4A illustrates the dif-
ferences in survival estimates if consensus HGG patients
treated with the pCV regimen were compared with insti-
tutionally diagnosed HGG patients treated with the 8-in-
1 regimen, which could lead to an incorrect attribution of
superior efficacy to the latter. The converse interpretation
would be reached if the review groupings were reversed.

Even more worrisome is that although no differences
exist in event-free survival, progression-free survival, or
overall survival between regimens using diagnoses reached
by any expert member of the consensus panel (data not
shown), comparisons between regimens using different
reviewers could cause erroneous conclusions. Figure 4B
shows comparison of survival distributions for patients
assigned to 8-in-1 with HGG defined by reviewer 5 ver-
sus those assigned to pCV with HGG defined by reviewer
4, showing an apparent significant difference in efficacy.
Figures 4C and 4D show the results for both arms for
each reviewer, confirming that differences in Fig. 4B
indicate differences between the reviewers’ stringency in
diagnosing HGG.

Additional Outcome Correlations

Previous analyses based upon institutional diagnoses,
original review diagnoses, and revised review diagnoses
of the study neuropathologist showed several factors
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Fig. 3. Survival distributions. Comparisons of distributions of survival for children randomized to treatment with pCV or 8-in-1 adjuvant chemother-
apy in the CCG-945 clinical trial based on (A) institutional diagnosis of HGG and (B) consensus diagnosis of HGG. (C) Survival distribution for the
31 children with tumors classified as GBM on both institutional and consensus review, the 26 children with tumors institutionally classified as GBM
in which the consensus diagnosis differed, and the 10 children with consensus diagnoses of GBM in which the institutional diagnosis was AA or
other HGG.
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Fig. 4. Differences in survival estimates and distribution. A. Estimates artificially obtained if comparisons were made among randomized patients
with consensus-diagnosed HGG treated with pCV versus institutionally diagnosed HGG treated with 8-in-1. B. Comparison between HGG con-
firmed by reviewer #4 and treated with pCV versus HGG confirmed by reviewer #5 and treated with 8-in-1. C. HGG confirmed by reviewer #4
and randomized to receive either regimen. D. HGG confirmed by reviewer #5 and randomized to receive either regimen.

associated with outcome in this cohort. The clinical fac-
tor that had the strongest association with outcome was
extent of tumor resection, graded as =90% or <90% in
the initial clinical report (Finlay et al., 1995; Wisoff et al.,
1998). MIB-1 labeling index (<18% vs. 18%—36% vs.
=36%) (Pollack et al., 2002a) and p53 expression (ex-
pression similar to normal brain vs. overexpression rel-
ative to normal brain) (Pollack et al., 2002b) also were
associated strongly with outcome, independent of tumor
histology. Patients with consensus diagnoses of HGG
who had less extensive resections had significantly worse
5-year progression-free survival than those who had
extensive resections (Fig. SA: stratified by histology, P =
0.0004), which agreed with observations using less strin-
gent inclusion criteria. Similarly, patients with consensus
diagnoses of HGG whose tumors had relatively low
MIB-1 indices (<18%) had more favorable prognoses
than those with high (18%-36%) or very high (=36%)
indices (Fig. 5B: P = 0.02), and children whose tumors
did not overexpress p53 had better prognoses than those
with overexpressing tumors (Fig. 5C: P < 0.01).

Discussion

Classification of gliomas in general, and of childhood
gliomas in particular, is associated with frequent dis-
crepancies between reviewers (Childhood Brain Tumor
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Consortium, 1989). The current analysis of CCG-945
showed that regardless of central review criteria, cases
were frequent in which the original institutional diag-
nosis was viewed as ineligible on further review. There
also was frequent discordance among reviewers, which
suggests that despite availability of established, widely
recognized diagnostic criteria (Kleihues et al., 1993),
applying such guidelines to a topographically hetero-
geneous tumor can be challenging, even in the best of
hands. The recent observation that molecular and bio-
logical markers can help refine prognostic assessments
for these tumors suggests that eventually such supple-
mental analyses may improve tumor classification and
risk-based treatment stratification (Pollack et al., 1997,
2002a, b); however, as with histologic classification cri-
teria, no factors to date absolutely predict outcome.

In view of these results, clinicians are faced with a
quandary in deciding how to integrate pathological clas-
sification into the design of prospective clinical studies.
One approach is intent-to-treat, whereby all patients eli-
gible by institutional criteria are included in outcome
analyses for a given treatment. A theoretical advantage
of this design is that it mimics the real-world situation, in
which central review of histological data is rarely pur-
sued, and distributes bias among the broadest possible
pool of reviewers, rather than potentially skewing the
analysis by basing it on review criteria of a single expert
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examiner. However, an intent-to-treat design allows sub-
stantial classification errors in situations in which there
is a tendency for more stringent inclusion criteria to be
applied by experts, which can influence efficacy assess-
ments of treatment approaches. In this context, the high
frequency of discordance in the current study in part
reflects evolution in classification criteria for pediatric
gliomas during the past 2 decades. It is likely that many
cases considered ineligible by the consensus review would
have been considered ineligible by the institutional neu-
ropathologist had they been rereviewed institutionally
using contemporary criteria, an exercise confirmed at the
first author’s center in recent years, using a subset of this
cohort (Pollack et al., 1997). It is also important to
emphasize that the pathology reviews in this study were
done in a blinded fashion, whereas institutional patho-
logical diagnoses are typically established in the context
of available clinical and imaging results and operative
findings, which may introduce distinct insights and biases
into the classification process. It is reassuring that the
principal conclusions of CCG-945 were unaffected (i.e.,
the lack of efficacy difference between regimens and clin-
ical and biological factors correlated with outcome)
regardless of whether institutional, single-examiner cen-
tral review, or consensus review diagnoses were applied.
However, this observation may indicate that factors that
influenced outcome in the consensus Not HGG group,
many of which were low-grade gliomas, were fortu-
itously similar to those relevant in HGGs. For example,
the strong effect of resection extent on outcome of
consensus-confirmed childhood HGGs is mirrored by the
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Fig. 5. Consensus HGG. A. Association between extent of resection
and survival. B. Association between MIB-1 labeling index and time to
tumor progression. C. Association between p53 overexpression and
time to tumor progression.

strong association between resection extent and outcome
among a centrally reviewed cohort of 516 children with
low-grade gliomas (Sanford et al., 2002). Thus, it is not
surprising that such association would be apparent
regardless of whether institutional or review diagnoses
were used.

Although these observations do not refute intent-to-
treat study analysis for HGGs, they highlight diagnostic
classification issues that must be considered in the eval-
uation of such studies. Most biostatisticians prefer this
analysis as the primary treatment comparison in a ran-
domized trial because it is based on a sample taken from
the population to which the inference is intended, but
also acknowledge that a secondary analysis should be
done that compares only those patients who were treated
exactly as prescribed by the protocol, if possible to dis-
cern (Peto et al., 1976, 1977). This second subset analy-
sis evaluates efficacy of treatments in an ideal setting,
excluding cases not treated according to protocol. In the
current study, the ideal setting also reflected cases in
which independent histopathologic reviews from an
experienced panel yielded consensus diagnoses of HGG,
excluding institutionally eligible cases in which consen-
sus diagnoses were deemed to be ineligible. The conduct
of the CCG-945 study in a way that facilitated both
analyses provided important insights into the diagnostic
difficulties involving these tumors. Our results should
alert institutional investigators to diagnostic challenges
in such cases and indicate that outcomes may be influ-
enced by cases that pose dilemmas. These findings also
should sensitize readers of the medical literature to be
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cautious when interpreting results for HGG based on
single-institution studies and to critically evaluate stud-
ies in which inclusion criteria are not articulated.

Our results also highlight the importance of incorpo-
rating prospective central review in the design of future
studies for HGGs to minimize inclusion of discordant
cases. Although the primary conclusions of CCG-945
were not influenced by the review mechanism, the sur-
vival percentages calculated for the eligible cohort de-
fined by revised review or consensus diagnoses were sub-
stantially lower than those calculated for the institutionally
eligible cohort. Review by a panel of experts does not
guarantee absolute diagnostic accuracy, but it does en-
sure adherence to guidelines based on contemporary clas-
sification paradigms, and it highlights cases that may
have received outlier diagnoses by one reviewer, an issue
that can be resolved most efficiently by a multireviewer
process. This design does not negate the importance of
meticulous institutional diagnostic classification as an ini-
tial step in study entry, but incorporates the advantage of
a tiered review process with a panel of reviewers to en-
hance identification of discordant cases. It has the added
benefit of providing ongoing, real-time feedback to
pathologists, including reviewers themselves. By elimi-
nating discordant subgroups (which in the case of HGGs
are usually low-grade glioma variants with much more
favorable prognoses), panel review may improve a study’s
power to detect treatment effects. Central review also
helps identify heretofore unrecognized histologic char-
acteristics of treatment responders that may help refine
tumor classification and guide stratification in subse-
quent studies.

Protocol-directed central review also provides an im-
portant safety measure for potential study participants.
Given the poor survival of children with malignant
gliomas who are treated with standard therapies such as
the CCG-945 regimens, most new studies are examin-
ing innovative, potentially high-risk treatments such as
intensive chemotherapy or novel agents. It is important
to ensure that patients who are given such therapies meet
the most rigorous histologic eligibility criteria possible.
Given the findings of the current study, the use of an

expedited panel review process will be applied prospec-
tively as a criterion for study eligibility in Children’s
Oncology Group HGG trials such as the recently opened
ACNSO0126 study. The panel review is done immediately
after initial institutional review as a way of confirming
histological eligibility prior to enrollment. This approach
places a priority on optimizing the risk/benefit ratio for
potential participants, and on evaluating efficacy in a
clearly defined cohort.

Our results also highlight several caveats to be con-
sidered when attempting to compare findings of a new
study with those of a historical control group. A practi-
cal problem is that clinical trials that incorporate differ-
ent review mechanisms may promulgate a degree of
interreviewer variation (and intrareviewer variation if cri-
teria for review have changed over time) in classification
of individual cases that may preclude valid cross-study
comparisons. Thus, for a study design in which a histor-
ical control group is believed to be essential (as a practi-
cal alternative to including a control treatment arm in
which outcome results may, at best, be suboptimal), it is
critical to ensure that both populations are reviewed his-
tologically by the same individual(s), avoiding interre-
viewer bias, and that such reviews be based on the same
review criteria, minimizing intrareviewer bias as inclu-
sion criteria evolve. Recognition of both potential pitfalls
is essential to optimize the robustness of cross-study com-
parisons.
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