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ABSTRACT

Glioblastoma multiforme (GBM) carries a dismal prognosis. However,
a range of survival times exists, and parameters that define prognostic
groups may help to optimize treatment. To identify such prognostic
groups, we analyzed tumor tissue from 110 cases of newly diagnosed GBM
from two clinical protocols. Similar to other studies, we found no associ-
ation of epidermal growth factor receptor (EGFR) overexpression (as
assessed by immunohistochemistry), p53 immunopositivity, or p53 muta-
tion with survival in the entire sample. However, EGFR overexpression
showed trends toward worse prognosis in patients younger than the
median age, but better prognosis in patients older than the median age.
This interaction of EGFR with age group was statistically significant and
led us to focus our further analyses on the younger patients. In this group,
a statistically significant association of EGFR overexpression with worse
survival was identified in the p53-negative but not p53-positive tumors.
We found a similar result after screening these cases for mutations in p53:
EGFR overexpression was negatively associated with survival only in the
p53 wild-type cases. To confirm this unexpected result, this finding was
reproduced in a validation sample of an additional 42 tumors from
younger patients on the same two clinical protocols. This complex rela-
tionship between EGFR and p53 in younger patients remained in a
multivariate analysis that incorporated additional prognostic variables.
The results suggest that analysis of prognostic markers in GBM is com-
plex, and maximal information may require analysis of subgroups based
on age and the status of specific markers such as p53. In addition, they
suggest a specific group of patients on which to focus promising therapies
targeting EGFR.

INTRODUCTION
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single histological grade, glioblastomas exhibit significant genetic
heterogeneity. It is likely that these genetic differences, at least
partially, account for the differences in survival time among patients
with these neoplasms.

Efforts have been made by many groups to test whether the genetic
alterations found in these tumors can, in addition to patient age,
predict prognosis. The most common alterations in high-grade astro-
cytic gliomas include mutations in the53 gene, amplification and
rearrangement of thEGFR gene, and amplification of a region of
chromosome 12q that encodes murine double minutd22) and
cyclin-dependent kinase £DK4) (6). Many of these alterations have
been tested for potential as prognostic markers. However, there has
been no consensus for the prognostic value of most of these com-
monly altered genes in GBM. For example, some investigators have
found that gliomas with th@53 gene mutation or immunopositivity
(as a marker of abnormality in the p53 pathway) predict shorter
survival (7-9), whereas others have found no statistically significant
relationship (3, 10—14). In addition, one recent study showed that
mutation inp53 predicted longer survival in patients with GBM (15).

Similar to the situation with p53, no consensus has been established
on the prognostic value of EGFR. The prognostic implications of
EGFRamplification/overexpression in glioblastoma are controversial,
with some groups claiming no association with survival (10, 11, 16)
and others claiming that this aberration is a negative prognostic factor
(7, 8, 17, 18).

Proliferation indices have not been consistently demonstrated to be
associated with prognosis in high-grade astrocytomas. The MIB-1
antibody detects the Ki-67 antigen, which is expressed only in actively

GBM? is the most common and lethal primary brain tumor iycling cells (19). Although Ki-67 labeling index predicts prognosis
adults. It is nearly uniformly fatal, with a median survival of approxin low-grade astrocytomas (20, 21), the studies in patients with GBM
imately 1 year, despite modern treatment modalities (1). Howeverage less clear (22-24).
range of survival times exists around this median. Efforts to under-Taken together, these studies show no consistent relationship be-
stand why some patients live longer or shorter than the average niégen these potentially prognostic molecular markers in GBM and
provide insights into the biology of these neoplasms. To date, the mBatient outcome. The studies are frequently difficult to compare with

consistent predictor of survival in malignant gliomas is patient age @&ch other because some were performed on a mix of tumor types and
diagnosis_ Mu|t|p|e studies have shown that younger patients Wm&pst did not StUdy patientS in clinical trials; thus, treatment modalities
these tumors live longer following initial diagnosis, even after adjus@y have varied widely. There has also been a suggestion in the
ing for histological grade, size of tumor, KPS, extent of resection, afiterature that there are subtypes of GBM based partially on EGFR and

treatment following biopsy/resection (1-5). Despite falling within 53 status (25). To address these issues, we attempted to identify a
group of patients for whom specific markers might be prognostic. The
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3The abbreviations used are: GBM, glioblastoma multiforme; EGFR, epiderm - . -
growth factor receptor; SSCP, single-strand conformation polymorphism; KPS, Karnof- 87, and December 26, 1995. In the first protocol, patients were treated with

sky performance score; Cl, confidence interval; HR, hazard ratio; IHC, immunohiststandard external beam radiotherapy, followed by 1,3-bis(2-chloroethyl)-1-
chemistry; UCSF, University of California—San Francisco. nitrosourea and 6-thioguanine. A total of 134 GBM patients were enrolled in
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this study. In the second protocol, patients received either standard or hyges3 scores of O and 1 were later condensed to a score of “negative,” whereas
fractionated radiotherapy, plus or minus difluoromethylornithine. A total dhe scores of 2 and 3 were condensed to a score of “positive.”

233 GBM patients were enrolled in this study. Protocols from both trials were The EGFR antibody typically stained the cell membrane, often with some
approved by the UCSF Human Experimentation Committee, and informadcompanying cytoplasmic staining. Scoring was on a three-point scale with 0
consent was obtained from each patient. Selection for the current study wecating no staining, 1 indicating light or focal staining, and 2 indicating
based on the diagnosis of GBM of the original resection and the ability of tis¢ong staining. For statistical analysis, a score of 0 was treated as “negative”
investigators to obtain paraffin-embedded tumor tissue. One hundred ten ca@ba score of 1 or 2 was considered “positive.”

were selected for the initial study, 57 of which were from protocol 6G901 and MIB-1 scoring was accomplished by determining the percentage of positive
53 from protocol 8822. In a comparison of the 6G901 patients who wepglclei after counting 1000 tumor cells, or as many as possible in the case of
included in this studyersusthose who were not, the median age (5¢e@sus small specimens. For the purposes of statistical analysis, the MIB-1 score was
57.1 years, respectivelp, = 0.58, Mann-WhitneyJ test) and survival (42.1 later graded as 0, 1, 2, or 3 based on quartile determinations of the initial
versus39.9 weeksP = 0.27) did not differ significantly. For the 8822 patients,continuous scoring. These cutoffs were 16.75%, 27.50%, and 39.75%, defining
there was also no difference in age (52€rsus53.6 yearsP = 0.26) or four groups of 27-28 patients each. This categorization recognizes that the
survival (62.0versus53.3 weeksP = 0.21) between those who were studiedMIB index is not truly continuous, but rather semiquantitative (similar to
and those who were not. The median KPS was the same (90) for those pati&t§ R and p53 scoring) and minimizes potential bias created by selection of
who were studiedversusthose who were not among both protocols. Thdhe region of the tumor for determination_ofproliferation ind_ex. It also prevents
distribution of extent of resection (biopsyersussubtotal resectiorversus @ few extremely large values from dominating the analysis. _

gross total resection) was 27%, 62%, and 11%, respectively, among th(;_ps3'Genet|c Analysis.All cases fr'om the original sample of 110 patlepts
patients who were not studied, compared with 2%, 90%, and 8%, respectivf, Which adequate DNA was available were analyzed for p53 mutations.
in the patients whose tissue was available for study in the initial sample. TReCP analysis was performed for exons 5-8 on all cases using a novel
difference in biopsy rates between included and excluded patients refleciprescent analysis recently developed at the UCSF Cancer Center (28).
the availability of tissue for study. There was a significant difference betwegﬂ'eﬂy’ forward primers were labeled with t‘he fluorescent dye FAM,
the 6G901 and 8822 patients as a whole with respect to median age (épfl_"freas the reverse primers were labeled with the fluorescent dye TET.
versus52.9 yearsP = 0.02) and survival (41.¢ersus57.2 weeksP < 0.01). The PCR products were run on an ABI 377, and data were analyzed using

Subsequent to the analysis of the original 110 patients, tumor tissue fmm%%nescan software (ABI). All SSCP shifts were sequenced after reampli-

additional 42 cases was obtained from patients in these clinical protocols Vgoatmn using established primers on an ABI sequencer. Five cases were

were identified as younger than 55 at the time of initial surgery. Of the 1 59 analyzeq by SSCP usmg_ radlc'>a(.:t|vely labeled nucleotides, as de
. - - . . ~._.scribed previously (29), showing similar results, and two cases were
total cases (110 patients in the original group and 42 patients in the validatigh ... .
. : identified by this method alone.
group), 63 patients were enrolled on protocol 8822 and 89 patients were_, .. . o . .
) . Statistical Analyses. Univariate analysis and Kaplan-Meier curves were
enrolled in protocol 6G901. All tissue analyzed represented tumor from the . s
- . o ) ) ._génerated with the statistical program PRISM by GraphPad. LogPardre
original resection before the administration of radio- or chemotherapy. Diag-

) . ) N _reported for the dichotomous variables. Multivariate analysis (Cox propor-
nosis of GBM was consistent with the WHO criteria in use today (26). Sumvﬁonal hazards regression) was performed with NCSS software and SAS. HRs
is expressed as weeks after initial surgery date.

) ’ ) ~andPs are noted for each variable in the multivariate analysis. The outcome

IHC. .Once paraffin blocks were obtained, a ,bIOCk with representativ, iiaple for all analyses was death from all causes. No patients in the study
tumor fissue was chosen for study andur sections were mounted 0N\ or0 nown to have died from treatment toxicity. Among patients in the four
positively charged slides. Multiple serial sections from each case were stogﬁ.pﬂs of protocol 6G901, no difference in survival was noted between any of
for later staining. The |mmunqh|stochem|cal procgd_ures were routine and gte groups, so they were combined and considered a single protocol. Protocol
summarized as follows. Sections were deparaffinized in histological graggzz was coded as “0,” and protocol 6G901 was coded as “1” in multivariate
xylenes for 10 min and rehydrated through sequential 95%—70% ethanol %[?%Iysis. The extent of surgery, as estimated by the surgeon, was coded as
placed in PBS. For all antibodies, microwave antigen retrieval was perform@@,psy= 0, subtotal resection- 1, and gross total resection 2. KPS was
by placing the slides in 50 mcitrate buffer (pH 6.0) and microwaving for 12 ~y4ed so that a score of 100 was coded as “0,” 90 as “1,” 80 as “2,” and so0
min at full power and 10 min at 20% power, followed by cooling for 15 Mifgrth, HRs provide information about the direction of an association (a numeral
and two to three 5-min washes in PBS. For the MIB-1 antibody the sectiogger 1 indicates an increased risk with the positive variable, and a numeral
were also treated with 0.025% trypsin for 15 min at 37°C. Endogenoyfder 1 indicates a decreased risk) as well as the magnitude of the risk. To
peroxidase activity was blocked with 3% hydrogen peroxide in PBS/0.058@scribe the EGFR-p53 interaction, new variables representing the four groups
Tween 20 or 3% hydrogen peroxide in methanol for 10—20 min. Sections wefgfined by these dichotomous variables were created to identify the EGFR
then washed two to three times in PBS and blocked for 20 min in thgRs for the p53-negative and p53-positive groups. This analytic method was
appropriate serum from the same species as the secondary antibody diluteghisen to demonstrate increases in risk, if any, associated with EGFR based on
10% in PBS. The primary antibody, diluted in PBS/10% serum, was applied$g3 status (30). HRs witP < 0.05 were considered statistically significant,
the sections in a humid chamber f h atroom temperature or overnight at and all significant HRs are designated as such in the tables or text. HRs were
4°C. After washing two to three times in PBS, the secondary antibody wesunded to the first decimal.
applied per directions in a kit from Vector Laboratories, Inc. Briefly, biotin- To explore possible relationships between age group and the variables under
ylated antimouse was diluted in 10% normal horse serum/PBS 1:200, addy, age was dichotomized at the median value (55 years). Our goal was to
sections were incubated at room temperature for 30 min. Detection of ttiieide the group into two groups of equal size and ask whether the predictive
antibody was performed with diaminobenzadine for 1-5 min. Sections wearaarkers in each group were the same or different, not to identify the optimal
then counterstained with light hematoxylin and mounted. Primary antibodiage cutoff with respect to the prediction of outcome.
were all mouse monoclonals and were obtained and used as follows: anti-p5& Tables 2, 4, and 5, clinical variables (KPS, extent of resection, protocol
(DO-7, DAKO Corp.; 1:150 dilution), anti-EGFR [clone 528(4), Calbiochenstatus, and age) are not included in the models presented. However, additional
Oncogene Research; 1:50 dilution, which recognizes both wild type and mesglyses including these variables were run in each case, resulting in similar
common rearranged form (27)], and anti-Ki67 (MIB-1, DAKO Corp.; 1:500indings, which are stated below in the text.
dilution).

Each slide stained for p53, EGFR, or MIB-1 was individually reviewed and
scored by at least one neuropathologist (M. L. S. or K. A.). DisagreementsRESULTS
scoring £10% of cases) were resolved by review and discussion at a multi- o .
headed microscope. Scoring for p53 was for nuclear staining on a four-pointJnivariate Analyses. In the initial sample of 110 patients, the
scale from 0-3. A score of 0 indicated no staining, 1 indicat&§6 of nuclei Median age was 55 and there were 42 women and 68 men. The median
with positive staining, 2 indicated 5-30% of nuclei stained, and 3w@8% survival following the initial surgery was 51.3 weeks. Five patients
of nuclei with positive staining. For purposes of statistical analysis, all of theere lost to follow-up and, therefore, censored at the last known
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survival time, and the remainder died. Univariate analyses on this A
sample showed that age, KPS, MIB-1, and protocol status were
significantly associated with survival, whereas neither EGFR nor p53
(either by expression or mutational analysis) showed an association

1.04

: - —=—EGFR-
with survival (Table 1). c s EGFR+
Analysis of EGFR. Thirty-five percent (39 of 110) of the original -g
110 cases had positive EGFR staining. The mean age of EGFRE HR=1.7 (0.9-2.3)

positive cases was greater than that of EGFR-negative cases (58 p=012

versus52, P = 0.01, two-tailedt test). Given the strong influence of % .
age on prognosis in these tumors, we divided the sample into youngeE .
and older age groups, based on the median age of 55. We tested for a& i
association of EGFR with survival in each age group independently.
As shown by Kaplan-Meier analysis in Fig. 1, EGFR positivity was ;
significantly associated with an improved prognosis in patients of the i L et
older age group but showed a trend toward worse survival in the 0.0 A
younger patients. These data suggested that the effect of EGFR might
differ depending on age group. Corroborating this hypothesis, a sig- Survival (weeks)
nificant statistical interaction between EGFR and age group was
present in Cox proportional hazards testifg<¢ 0.01 for the inter- B
action term; EGFR HR, 1.7; 95% ClI, 0.9-2.3 for younger patients and 1.0
HR, 0.5; 95% CI, 0.3—0.9 for older patients). W
p53 Immunohistochemical Analysis.The fact that EGFR seemed
to be differentially associated with survival led to an approach in §
which patients in the two age subgroups were treated as different"cE,
groups for analytic purposes. We analyzed relationships of p53 ex- oy
pression in these two groups. IHC for p53 was positive in 30 of 53 &
younger patients and 24 of 57 older patients. p53 was not associate
with survival in either group, and an age interaction was not identified '3
(data not shown). We tested for relationships between p53, EGFR, andg
survival in either group. A statistically significant interaction between
p53 and EGFR was identified in the younger patieRs{(0.01). To
illustrate this, Kaplan-Meier curves relating EGFR to survival were
generated treating the p53-negative and p53-positive younger patients ¢ 100 200 300
as two different groups (Fig. 2). EGFR positivity was a negative
prognostic factor only in the p53-negative group (Fig).2Table 2
shows the results of Cox regression, which indicated that EGFR wagd: 1- Kaplan-Meier analysis comparing EGFR status with survival in patiebts
. . . n = 53; A) and patients=55 (n = 57; B) years of age in the original sample of 110
a significant predictor of outcome (EGFR overexpression was asg@fents. HRs, 95% Cls, aés shown are based on Cox analydls. EGFR-negative
ciated with shorter survival) only in the p53-negative subgroup. Whéumors; A, EGFR-positive tumors.
adjustments for additional prognostic variables, including age, KPS,
extent of resection, and protocol status were included in this model, a
statistically significant EGFR-p53 interactioR & 0.01) remained. In and older patients was that the range of survival times was greater in
the older patients, no interaction between EGFR and p53 was idetitie younger patients (25th and 75th percentiles, 41.2 and 107.5 weeks,
fied (P = 0.23). Specifically, the EGFR HR in the p53-negative groupespectively) than in the older patients (25th and 75th percentiles, 29.4
(HR, 0.6; 95% CI, 0.2—0.9) was not significantly different from thaand 59.3 weeks, respectively). For this reason, subsequent analyses to
of the p53-positive group (HR, 0.4; 95% CI, 0.2-1.4). characterize molecular profiles relating to prognosis were focused on
The difference in direction of association of EGFR and survivdhe younger group of patients.
based on age group led to an examination of the two groups a®\nalysis of the p53 Gene. Because immunopositivity of p53 may
independent samples. An additional difference between the younget be a reliable indicator gf53 gene mutation, we determined the
p53 gene status to determine whether a similar interaction existed
between EGFR expression ap83 gene status in the younger pa-
TablelUnivariate' analllyses'of EGFR,_ p53, age, KPS, protpcol, and MIB-1 tients. We tested f0|p53 mutations, using SSCP of exons 5-8,
prolferation index in the original group of 110 patients followed by direct sequencing of abnormally migrating exons. Suffi-
Univariate Cox analyses were performed using EGFR IHC, p53 IHC, p53 mutation i . .
status p53gene), and age group as dichotomous variables. MIB-1 values were separdié@nt material was available to ascertaii3 gene status in 88 of the
on gqua_rtile_ basis. HR_E’s, and 9_5% Cls are as indicated. The_ HR for age as a continuods] 0 patients from the original sample, and 46 of 53 patients from the
variable indicates the increase in hazard on a per year basis. younger group. Overall, mutations were detected in 17 of 88 cases

0.5+

T T 1
100 200 300

—=— EGFR-
--+-- EGFR+

HR=0.5 (0.3-0.9)
p = 0.02

Survival (weeks)

Variable HR 95% Cl P (19%) and are outlined in Table 3. Most (14 of 17) of the cases in
Egﬁ:gf(vs -) ) ﬁ 8-;—1-2 8-2; which p53 was found to be mutated occurred in younger patients,
p + vs. — . -1 . i i i ;
D53 gene (mutants. wild type) 08 0512 0.49 similar to yvhat has been de_scrlbed prev_lc_)qsly (25). All cases showing
Age (continuous) 1.05 1.03-1.07 <0.01 p53mutation demonstrated immunopositivity of p53, except case 497,
Age (=55 vs. <55) 2.0 1.4-3.0 <0.01 in which a G-A mutation resulted in a premature stop codon. Overall,
KPS 13 1.1-16 <0.01 highl lated with p53 . tat
Extent of resection 09 0.5-1.5 060 P53 gene st_atus was highly correlated with p53 expression status
Protocol (6G90lvs. 8822) 21 1.3-3.4 <0.01 (P < 0.01, Fisher’s exact test). However, although 16 of 17 of the p53
MIB (quartiles) 1.3 1.1-1.5 <0.01

mutant cases were p53 positive by IHC, 25 of 71 (35%) cases in which
1124
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A wild-type cases. This interaction remaind® £ 0.03) after adjust-
ments for age, KPS, extent of resection, and protocol status were
made.

Validation Sample. To validate the relationships of EGFR, p53,
—=— EGFR- and survival in the younger patients, we screened an independent
- EGFR+ sample of cases to test the reproducibility of the p53-EGFR interac-

HR= 4.3 (1.6-11.8) tion and the association of each marker with prognosis. An additional

p<0.01 set of 42 cases from younger patierts6 years of age) on the same

two clinical protocols used in the original sample were tested for p53
and EGFR by IHC. Similar to the results obtained in the original
sample, a significant EGFR-p53 interaction was identified<(0.01;

Table 5), which remained identifiable as a statistical tréhe-(0.08)

after adjustment for age, KPS, extent of resection, and protocol. In

addition, EGFR was significantly associated with survival only in the

p53-negative group, which provided validation of the hypothesis
generated by the initial sample.

Analysis of MIB-1 Index. We asked whether the proliferation
index could add additional information to the molecular analyses

1.01

0.54

Survival proportion

0-0 T T T T T 1
0 50 100 150 200 250 300

Survival (weeks)

B
Table 3 p53 mutational analysis of tumors
—=— EGFR- Exons 5-8 were subject to SSCP analysis. Abnormally migrating exons were re-
[ --4-- EGFR+ amplified and subjected to direct sequencing. The table indicates all of the mutations
:g identified in the 88 cases analyzed. Patient age and p53 expression score are included, as
5 HR=0.8 (0.3-2.1) indicated.
g p=067 Case Age p53 score Exon Mutation
o 152 44 Positive 5 TGC cys-TAC tyr 176
g 262 39 Positive 8 CGT arg-CAT his 273
= 263 47 Positive 5 AAG lys-ACG thr 132
5 317 52 Positive 8 TGT cys-TTT phe 275
[72] 362 50 Positive 5 CCG pro-CTG leu 152
— 381 32 Positive 8 CGT arg-TGT cys 273
= 386 48 Positive 5 CGC arg-CAC his 175
*_L——-—l 403 35 Positive 7 ATG met-ATA ile 237
e e WG 1 S S N S A -
ositive pro- eu
0 50 100 150 200 250 300 445 53 Positive 8 CGT arg-TGT cys 273
Survival (weeks) 446 56 Positive 5 TAC tyr-TGC cys 163
452 38 Positive 8 CGT arg-TGT cys 273
Fig. 2. Kaplan-Meier analysis comparing EGFR status with survival in younger 464 58 Positive 5 CCC pro-ACC thr 151
patients from the original sample & 53), with stratification by p53 immunohistochem- 492 34 Positive N/A G-C splice site intron 4
ical analysis. HRs, 95% Cls, ariés shown are based on Cox analy#isp53-negative 495 38 Positive N/A A-T splice site intron 6
casesIf = 23). B, p53-positive cases(= 30). ll, EGFR-negative tumorsh, EGFR- 497 44 Negative 5 TGG trp-TGA-stop 146

positive tumors.

Table 2 Association of EGFR with survival in patients55 years (n= 53) based on Table 4 Association of EGFR with survival in patients55 years (n= 46) based on
p53 immunohistochemical status P53 gene status _ ) o
Cases were scored for p53 and EGFR expression by IHC, and median survival (weekSaS€s Werg scret_enedffp53 gﬁnef _;tat?s, and medlfan survival (weeks ager initial
after initial surgery) was determined for each of the four groups of cases based on mai ery) wla_s (_atermlneld or eac Orft e Oc;" groups o casels l?asedfon genelestiius (4 h
status left). A Cox multivariate analysis was performed to test for associations of EG ox multivariate analysis was performed to assess correlations o I.EGFR status wit
status with survival in p53 and p53+ subgroups. Adjustments for age, KPS, extent Ofsurvwal in pS3 wild-type (p5.3Nt) andp53 mutant p53mut) subgrogp;. AdJus}ments for
resection, and protocol status resulted in similar findings (see text). HRs, 95% CRs an ge, KPS, extent of resection, and protocol status resulted in similar findings (see text).

are as indicated on thight. Rs, 95% Cls, andPs are as indicated on thrgght.
Median survival (no. of cases) Cox analysis (EGFRs. EGFR-) Median survival (no. of cases) Cox analysis (EGFRs. EGFR-)
EGFR- EGFR+ HR 95% Cl P EGFR- EGFR+ HR 95% Cl P
p53— 82 (16) 47 (7) 43 1.6-11.8 <0.01 pS3wt 80 (22) 46 (10) 3.4 1.5-8.0 <0.01
p53+ 57 (24) 64 (6) 0.8 0.3-2.1 0.67 p53mut 61 (12) 148 (2) 0.4 0.1-1.9 0.27

Table 5 Association of EGFR with survival in a validation sample of patien&b
a mutation could not be detected were positive by IHC, suggesting years (n= 42) based on p53 immunohistochemical status
that a significant number of cases showed p53 dysregulation withgy{©ases were scored for p53 and EGFR expression by IHC, and median survival (weeks
. . after initial surgery) was determined for each of the four groups of cases based on marker
a mutation in the exons tested. status left). A Cox multivariate analysis was performed to test for correlations of EGFR
Similar to the analysis for p53 expression, in the younger patierni#h survival in p53- and p53- subgroups. Adjustments for age, KPS, extent of

L _ . . _ resection, and protocol status resulted in similar findings (see text). HRs, 95% CRs and
a significant EGFR-p53 interactioP (= 0.02) was observed when "% o oo thaght.

p53 gene status was used as the p53 variable. Therefore, cases from

this younger age group were analyzed separately for an association of Median survival (no. of cases) Cox analysis (EGFRs. EGFR")
EGFR with survival based op53 gene status. Cox regression (Table EGFR- EGFR+ HR 95% ClI P

4) showed that, analogous to the results using p53 IHC data, EGRR3- 56 (17) 32(8) 4.4 1.7-11.7 <0.01
was significantly associated with worse survival only in thg3 _P53* 55(12) 83 (5) 05 0.2-15 023
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Table 6 Final multivariate model for younger patients with GBM, with HRs for EGFRand found that the negative association of EGFR overexpression with

y o lf’asedt:” _pss’ :"zmugg;"StojheT('jC?' status - 42 survival existed only in cases that did not show aberrant p53 expres-
ounger patients from the initialn(= and validation samplen(= were . ) . . . o e

grouped and entered into a multivariate model, which included adjustments for age, K§!9,n' To cgnflrm this uneXpeCted result, we Ve.lhdatEd it W'L(Slng

protocol status, and extent of resection. In this model, significant variables included Kp§3 mutational status as the p53 measure in these cases;band (

(HR, 1.4; 95% CI, 1.2-1.7P < 0.01) and protocol status (HR, 2.2; 95% CI, 1.4-3.6; nfirming the r It in an in nden mpl f naer ien

P < 0.01). Age as a continuous variable was not significént=(0.36), nor was extent COA . gt ef thUt ? d.efe tde t sb? ple o )./Otu dge.tr?at € .tS.l

of resection P = 0.69). When included in this model MIB-1 was not significant ge IS one of the most consistent variables associated with surviva

(P = 0.13) and was, therefore, excluded from the final model. Initial KPS and/or extem malignant gliomas. Older patients fare much worse than younger

of resection were not available on 10 of the 95 patients; therefore, the total numb(—:‘rp%{tientS among tumors of similar grade AIthough the molecular basis

patients analyzed was 85. . K L .
of this relationship, if any, is not understood, we found that the

Median survival (no. of cases)  Cox analysis (EGFRs.EGFR-) association of EGFR overexpression with survival may differ depend-
EGFR- EGFR¥ HR 95% ClI P ing on the age group. EGFR overexpression showed trends toward

p53— 66 (28) 44 (14) 3.6 1.8-7.4 <0.01 worse survival in the younger patients, but a better survival in the
p53+ 56 (33) 82 (10) 07 0.5-14 028 older patients (Fig. 1). These trends had the effect of canceling each

other out when the sample is viewed as a whole and may explain why
the literature has not shown a consistent association of EGFR with
performed on these tumors. In univariate analysis of the origin@lognosis in astrocytic neoplasms. In several studies of astrocytic
sample of 110 patients, high MIB-1 was associated with worse simeoplasms of multiple grades, EGFR overexpression or amplification
vival (Table 1). A significant MIB-1-age interaction was not ob-as been shown to be associated with a worse prognosis (7, 8, 17, 18).
served. Specifically, a high MIB-1 index showed a trend toward worgather studies have found no such prognostic relationship (10, 11, 16).
survival in younger patients (HR, 1.B;= 0.09; 95% CI, 0.97-1.55) It is possible that differences in distributions of age may, in part,
and was significantly associated with worse survival in the oldé@xplain the lack of consistent findings in these studies. With respect to
patients (HR, 1.3P = 0.03; 95% CI, 1.0-1.7). Subsequent analyseddditional clinical-prognostic variables, we found that initial KPS was
focused on the younger patients for reasons stated above. In @gsociated with survival, but extent of resection was not (Table 1).
group, the MIB-1 proliferation index was analyzed for its relationshipultiple factors, including reliability of reporting and location of the
to survival in the p53-negative and p53-positive subgroups. In tkesion complicate the analysis of extent of resection as a prognostic
initial sample of 53 younger patients, the MIB-p53 interaction wagariable (32).
statistically significant® < 0.01) and MIB-1 seemed to be associated Our initial results suggested that our GBM cases might best be
with worse survival only in the p53-negative cases (data not showsjudied as two separate groups based on age. Because the patients
However, the importance of MIB-p53 interaction was not confirmegounger than the median age showed a greater range of survival times,
in the validation sample of 42 younger cases. In this group, thee focused our subsequent analyses on this group. Because aberra-
MIB-p53 interaction was not significanP(= 0.94) and MIB-1 was tions of p53 are common in this group of patients (25), we asked
associated with worse survival in both the p53-negative group (HRhether any relationship existed between EGFR, p53, and survival in
4.6; 95% ClI, 1.4-14.7) and in the p53-positive group (HR, 4.9; 95these patients. Unexpectedly, EGFR overexpression was strongly
Cl, 1.2-19.2). This suggested that, in contrast to EGFR, the assoéasociated with worse survival only in those cases that were immu-
tion of the proliferation index with survival was not reproduciblynohistochemically negative for p53, and not in p53-positive cases. We
dependent on p53 status. validated this result in two ways. First, we screened these tumors for
Final Multivariate Models. For the entire group of 95 younger p53 mutations. We found a mutation rate of 19%, comparable with
patients, multivariate models were tested, which initially includedhat found in other studies (25). In addition, the majority of the tumors
EGFR, p53, and MIB-1, a three-way interaction term (EGFR-p531 which mutations were identified (14 of 17) occurred in patients
MIB), all possible two-way interaction terms, and adjustments for aggounger than the median age, also consistent with the previous liter-
KPS, and protocol status. After elimination of nonsignificant intera@ture (25). Mutations irp53 are usually missense, resulting in pro-
tions, the only interaction term that remained significant was that figngation of the half-life of the protein, rendering it immunodetect-
EGFR-p53. The MIB-1 proliferation index was not significant in thigble. We found that all but one of the cases in which a mutation was
multivariate model. This interaction is displayed in Table 6 by ideridentified showed p53 immunopositivity, indicating that lack of abun-
tifying the EGFR HRs separately in the p53-negatisegsusp53- dant protein was a fairly reliable indicator of a wild-type gene. The
positive cases. As shown, EGFR was a predictor of negative surviganverse was not true, as many cases showing p53 immunopositivity
in the p53-negative cases, but not in p53-positive cases (Table 6)in the absence of a detectable mutation were observed. Immunoposi-
tivity of p53 in the absence of a detectable mutation in exons 5—-8 may
DISCUSSION represent a marker of abnormality in the p53 pathway, either a
mutation outside the “hotspots” pb3itself or a downstream lesion,
GBM is a biologically aggressive neoplasm, with a median survivaésulting in abrogation of the growth-suppressive effects of wild-type
of ~1 year following initial diagnosis (1). Although a range ofp53. This suggests that p53 expression may be a more inclusive
survival times exists around this median, it remains controversial astarker of p53 pathway aberrations than mutational analysis of exons
which tumor markers in these neoplasms are associated with proghe8. The fact that EGFR was associated with survival only irpte
sis (3, 7-18, 31). However, it is possible that these markers awdd-type cases corroborated the results from the IHC data.
important in defining genetic subgroups with regard to tumor biology As a second method of validation, we reproduced this result in an
and possibly treatment selection. We began with a sample of lib@lependent sample, using 42 additional cases of younger patients
cases of newly diagnosed GBM from patients on two clinical protdrom the same two clinical protocols as in the original study. In this
cols and, similar to previous studies, we found limited prognost@ase, we had a specific prior hypothesis based on the findings of the
information in the sample as a whole. We, therefore, attempted analysis of the first patient group, and we were able to confirm this
identify a subset of cases in which the specific markers were assdgypothesis: EGFR positivity is a negative prognostic factor for sur-
ated with survival. EGFR was found to be differentially prognostic imival in younger patients with tumors that are p53 negative, and the
the olderversusyounger patients. We focused on the younger patiergame is not true when tumors are p53 positive. The EGFR HRs in the
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initial group of young p53-negative patients and the comparahlethis study. We thank Herminia Palacio and Mitch Katz for helpful comments
patients in the validation set were very consistent (¥e€3sus4.4, and suggestions and Jennifer Burwick for technical assistance.
respectively). This suggests that EGFR may be a more important

prognostic marker in a specific subset of cases and that efforts to

identify the role of EGFR in a whole sample of cases may mask tFeEFERENCES

ability to identify a prognostic association. 1. Burger, P. C., and Green, S. B. Patient age, histologic features, and length of survival
We next explored the proliferation index as a prognostic marker in in patients with glioblastoma multiforme. Cancer (Phil&9; 1617-1625, 1987.

. . . : . Kim, T. S., Halliday, A. L., Hedley-Whyte, E. T., and Convery, K. Correlates of
the younger patients. High MIB-1 was associated with worse surviv. survival and the Daumas-Duport grading system for astrocytomas. J. Neur@gurg.,

in the younger patients and showed a trend toward worse survival in 27-37, 1991.
the older patients in univariate analyses. Whereas a significant intef- Rasheed, B. K., McLendon, R. E., Herndon, J. E., Friedman, H. S., Friedman, A. H.,

. . . . . Bigner, D. D., and Bigner, S. H. Alterations of tfi@°53 gene in human gliomas.
action was identified between MIB-1 and p53 expression in the Cfncer Res54: 132491330, 1994, ¢ ¢

original group of younger patients, this was not confirmed wp&8 4. Sneed, P. K., Prados, M. D., McDermott, M. W., Larson, D. A., Malec, M. K.,
i ; 1. amborn, K. R., Davis, R. L., Weaver, K. A., Wara, W. M., Phillips, T. L., and Gutin,

.genetlc.analy5|s was _USEd as t_he F)53 measure, nor was a MIB-1 DS%‘A_ D. Large effect of age on the survival of patients with glioblastoma treated with

interaction observed in the validation group. radiotherapy and brachytherapy boost. Neurosurg@§y898-903, Discussion 903—

Previous studies have suggested that GBM can be defined as?04, 1995.

. - P - ... 5. Salmon, 1., Dewitte, O., Pasteels, J. L., Flament-Durand, J., Brotchi, J.,
primary versus Secondary based on clinical characteristics (|n|t|al Vereerstraeten, P., and Kiss, R. Prognostic scoring in adult astrocytic tumors using

histological diagnosis and length of symptoms before initial surgery). patient age, histopathological grade, and DNA histogram type. J. Neuro80rg.,
This distinction is supported by mutually exclusive EGFR amplifica- 877-883, 1994.

. . . . Kleihues, P., and Ohgaki, H. Primary and secondary glioblastomas: from concept to
tion and p53 mutation, respectively. It should be noted that althoug% clinical diagnosis. Neuro-oncoll: 44-51, 1999.

all of the patients in our study had an initial histological diagnosis of. Jaros, E., Perry, R. H., Adam, L., Kelly, P. J., Crawford, P. J., Kalbag, R. M.,

GBM, information was not available as to Iength of symptoms before Mendelow, A. D., Sengupta, R. P., and Pearson, A. D. Prognostic implications of p53
protein, epidermal growth factor receptor, and Ki-67 labelling in brain tumours. Br. J.

biopsy. Hence, we do not know if these patients meet the strict criteria cancer 66: 373-385, 1992.
for primary GBM as described previously (25). 8. Korkolopoulou, P., Christodoulou, P., Kouzelis, K., Hadjiyannakis, M., Priftis, A.,

If confirmed in subsequent studies. the results of our study may be Stamoulis, G., Seretis, A., and Thomas-Tsagli, E. MDM2 and p53 expression in
! gliomas: a multivariate survival analysis including proliferation markers and epider-

of clinical use by identifying a subgroup of patients for whom a ma growth factor receptor. Br. J. Canc@f: 12691278, 1997.
specific marker is related to prognosis. These findings may also be &f Soini, Y., Niemela, A., Kamel, D., Herva, R. Bloigu, R., Paakko, P., and

. . . e o . Vahakangas, K. p53 immunohistochemical positivity as a prognostic marker in
use in the selection of patients fc‘)r. specific clinical trials. For examp!e, intracranial tumours. APMISI02: 786792, 1994,
efforts are under way to specifically target the EGFR protein ifn. Rainov, N. G., Dobberstein, K. U., Bahn, H., Holzhausen, H. J., Lautenschlager, C.,
glioblastoma to neutralize its oncogenic effects (337 34). If EGFR Heidecke, V., and Burkert, W. Prognostic factors in malignant glioma: influence of

| . tant role in bioloaical R . i the overexpression of oncogene and tumor-suppressor gene products on survival.
plays a more important role in biological aggressiveness in a partic- ; Neuro-oncol.35: 13-28, 1997.

ular subset of patients, this subgroup may be of interest to preferen- Newcomb, E. W., Cohen, H., Lee, S. R., Bhalla, S. K., Bloom, J., Hayes, R. L., and

tially include in such a clinical trial. Examination of the Kaplan-Meier Miller, D. C. Survival of patients with glioblastoma multiforme is not influenced by

. . . altered expression of p16, p53, EGFR, MDM2 or Bcl-2 genes. Brain Patol.,
curves in Fig. 2 suggests that EGFR53— cases had a particularly 655667, 1998.
poor prognosis, suggesting that these patients may represent ggdunningham, J. M., Kimmel, D. W., Scheithauer, B. W., O'Fallon, J. R., Novotny,
candidates for anti-EGFR therapies. P. J., and Jenkins, R. B. Analysis of proliferation markers and p53 expression in

. . e gliomas of astrocytic origin: relationships and prognostic value. J. Neuro$6y.,
In summary, we find that EGFR expression showed significant 121-130, 1997.

association with prognosis in a subset of patients with glioblastoma,&s Chozick, B. S., Pezzullo, J. C., Epstein, M. H., and Finch, P. W. Prognostic

) . . : : .« ¢ implications of p53 overexpression in supratentorial astrocytic tumors. Neurosurgery,
defined by age and p53 status. This relationship was identified 5’ 831-837, 1994.

through the unexpected finding that EGFR positiviig} vas related 14. Baxendine-Jones, J., Campbell, I., and Ellison, D. p53 status has no prognostic

to improved survival in older patients but worse survival in younger significance in glioblastomas treated with radiotherapy. Clin. Neuropatfét.,
332-336, 1997.

patlents;_ and m _'n the younger patlents, EG_FR predl_cted a W.OI‘S%_ Tada, M., Matsumoto, R., Iggo, R. D., Onimaru, R., Shirato, H., Sawamura, Y., and
prognosis only in those tumors that were immunohistochemically Shinohe, Y. Selective sensitivity to radiation of cerebral glioblastomas harboring p53

n ive for . This finding was vali h n examination mutations. Cancer Re$8: 1793-1797, 1998.
egat elo p53 S d g was va dated bot by an exa a,[06 Waha, A., Baumann, A., Wolf, H. K., Fimmers, R., Neumann, J., Kindermann, D.,

of p53 mutational status and by reproducing this result in an inde- Astrahantseff, K., Blumcke, ., von Deimling, A., and Schlegel, U. Lack of prognostic
pendent sample of cases from patients on the same clinical protocolgelevance of alterations in the epidermal growth factor receptor-transforming growth

; . : H H s factor« pathway in human astrocytic gliomas. J. Neurosus§:,634—641, 1996.
as in the Ongmal sample. Glioblastoma is a morphologlcally defmelq. Zhu ;-\X. pShaeff)t/ar J., Leslie, S. }{tolmg P., and ElI-Mahdi A5 M. Epidermal growth

entity that likely “lumps” together tumors of a variety of genetic factor receptor: an independent predictor of survival in astrocytic tumors given
profiles. The results suggest that the identification of prognostic definitive irradiation. Int. J. Radiat. Oncol. Biol. Phy84: 809—-815, 1996.

: . tienne, M. C., Formento, J. L., Lebrun-Frenay, C., Gioanni, J., Chatel, M., Paquis,
markers in these gen?_tlca!ly heterogeneous tumors _may be Com&%)&, Bernard, C., Courdi, A., Bensadoun, R. J., Pignol, J. P., Francoual, M., Grellier,
and may require stratification by factors such as patient age and thep., Frenay, M., and Milano, G. Epidermal growth factor receptor and labeling index

specific genetic profile of the tumor. It is perhaps not Surprising that are independent prognostic factors in glial tumor outcome. Clin. Cancer Res.,
2383-2390, 1998.

a SpECIfIC marker 1S Va”ably associated with prognosis in GB_M‘ givel Schroder, R., Bien, K., Kott, R., Meyers, I., and Vossing, R. The relationship between
that genetic subsets of these tumors have been recently defined on the&i-67 labeling and mitotic index in gliomas and meningiomas: demonstration of the

basis of p53 and EGFR status, and these profiles are, in turn, relaged/aability of the intermitotic cycle time. Acta NeuropathdB2: 3§9-394, 1991.

: . . . ) . . 20. McKeever, P. E., Strawderman, M. S., Yamini, B., Mikhail, A. A., and Blaivas, M.
to age at diagnosis. Additional studies are likely to further highlight” \ig-1 proliferation index predicts survival among patients with grade Il astrocytoma.
the genetic complexity of specific prognostic markers of this morpho- J. Neuropathol. Exp. Neurol57: 931-936, 1998.

: ] : 21. Montine, T. J., Vandersteenhoven, J. J., Aguzzi, A., Boyko, O. B., Dodge, R. K,
logically defined entity. Kerns, B. J., and Burger, P. C. Prognostic significance of Ki-67 proliferation index in
supratentorial fibrillary astrocytic neoplasms. Neurosurg8dy, 674—678, Discus-
sion 678—679, 1994.

22. Torp, S. H., Helseth, E., Dalen, A., and Unsgaard, G. Relationships between Ki-67
ACKNOWLEDGMENTS labelling index, amplification of the epidermal growth factor receptor gene, and
. i prognosis in human glioblastomas. Acta NeurocHilL7: 182—-186, 1992.
We thank the Tissue Bank of the UCSF Brain Tumor Research Center angd wakimoto, H., Aoyagi, M., Nakayama, T., Nagashima, G., Yamamoto, S., Tamaki,

the many outside hospitals who contributed the tumor tissue from the patients M., and Hirakawa, K. Prognostic significance of Ki-67 labeling indices obtained
1127



24,

25.

26.

27.

28.

EGFR AND p53 IN GLIOBLASTOMA

using MIB-1 monoclonal antibody in patients with supratentorial astrocytoma®9. Chen, P., lavarone, A., Fick, J., Edwards, M., Prados, M., and Israel, M. A. Consti-

Cancer (Phila.)77: 373-380, 1996. tutional p53 mutations associated with brain tumors in young adults. Cancer Genet.

Pigott, T. J., Lowe, J. S., and Palmer, J. Statistical modelling in analysis of prognosis Cytogenet.82: 106115, 1995.

in glioblastoma multiforme: a study of clinical variables and Ki-67 index. Br. J30. Katz, M. H. Multivariable analysis: a practical guide for clinicians. pp. 87-89.

Neurosurg.5: 61-66, 1991. ) _ Cambridge, UK: Cambridge University Press, 1999.

(\g\/atanabe, K, Ta‘fcmbel‘zngizow Sa:a, K.,(ch;n3ekav¥at,_ Y., KIelhuets, TI andl Ohga_k"tSr?: Stemmer-Rachamimov, A. O., and Louis, D. N. Histopathologic and immunohisto-
verexpression of the receptor and p53 mutations are mutually exclusive in the .pamical tic factors i i t gli _Curr. Opin. Onéol230-234

evolution of primary and secondary glioblastomas. Brain PatBoR17-223, 1996. iggr;lca prognostic factors in malignant gliomas. Curr. Opin. OnSolz '

KIe_lhues, P., Burgc_sr, P.C., gnd Scheithauer, B. W. The new WHO classmcatlonﬁ_ Hess, K. R. Extent of resection as a prognostic variable in the treatment of gliomas.

brain tumours. Brain Pathol3: 255-268, 1993. IN 1.42: 227-231. 1999

Wikstrand, C. J., Hale, L. P., Batra, S. K., Hill, M. L., Humphrey, P. A., Kurpad - Neuro-oncol.#2: e n '

S. N., McLendon, R. E., Moscatello, D., Pegram, C. N., Reist, C. J., Traweek, -33 Arpher, G. E, Sampson, J. H., Lorimer, I. A., Mc!_endon, R. E,, 'Kuan, C. T,
Wong, A. J., Zalutsky, M. R., and Bigner, D. D. Monoclonal antibodies against F'iédman, A. H., Friedman, H. S, Pastan, I. H., and Bigner, D. D. Regional treatment

EGFRuVIII are tumor specific and react with breast and lung carcinomas and malignant of epidermal growth factor receptor vlll-expressing neoplastic meningitis with a
gliomas. Cancer Res55: 31403148, 1995. single-chain immunotoxin, MR-1. Clin. Cancer Rés. 26462652, 1999.

Moore, L., Godfrey, T., Eng, C., Smith, A., Ho, R., and Waldman, F. Validation 634. Pu, P., Liu, X., Liu, A., Cui, J., and Zhang, Y. Inhibitory effect of antisense epidermal
fluorescent SSCP analysis for sensitive detection of p53 mutations. Biotechniques, growth factor receptor RNA on the proliferation of rat C6 glioma cillgitro andin
85:986-992, 2000. vivo. J. Neurosurg.92: 132-139, 2000.

1128



