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Abstract
Glioma therapeutic resistance to alkylating chemotherapy is me-

diated via O6-methylguanine-DNA methyltransferase (MGMT). We

hypothesized that a CD45/HAM56/MGMT double-stained cocktail

would improve MGMT discrimination in tumor cells versus inflam-

matory and endothelial cells (IEC). Total MGMT protein was quan-

tified by IHC on 982 glioblastomas (GBM) and 199 anaplastic

astrocytomas. Correcting for IEC was done by a CD45/HAM56/

MGMT 2-color cocktail. Lowest IEC infiltrates (IEC “cold spots”)

were identified to quantitate MGMT as well as the percentage of

IEC% in the IEC cold spots. MGMT promoter methylation (PM)

was also determined. Among the GBM biopsies, mean uncorrected

and corrected MGMT% were 19.87 (range 0–90) and 16.67; mean

IEC% was 18.65 (range 1–80). Four hundred and fifty one (45.9%)

GBM biopsies were positive MGMT PM. Both uncorrected and cor-

rected MGMT% positivity correlated with PM. All 3 MGMT scores

correlated with overall survival (OS) in GBM’s. Cold spot IEC%
was also positively associated with OS. These effects remained in a

multivariate model after adjusting for age and disease status. Prog-

nosis determined by correcting MGMT% score for IEC% is not im-

proved in this analysis. However, IEC COLD SPOT score does

provide additional prognostic information that can be gained from

this correction method.
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INTRODUCTION
From the first therapeutic report of temozolomide to

treat human gliomas (1), O6-methylguanine-DNA methyl-
transferase (MGMT) has been shown to be an important
mechanism underlying resistance to treatment (2). MGMT ex-
pression is largely, but not exclusively (3), controlled via pro-
moter methylation (PM) (4). The specific measurement of
MGMT PM is generally predictive of response and overall
survival (OS) in patients with these tumors (5–9). A range of
molecular genetic techniques are available for determining
MGMT PM status in tumors (10). However, these methods are
protected by patent (11), are generally expensive, and are de-
structive of often limited tissues. We, and others, have previ-
ously shown that immunohistochemical localization of
MGMT protein is useful in detecting the nuclear enzyme (8,
12). One antiMGMT antibody, MAb 3.1, was developed at
Duke (13–15) and its immunohistochemical detection corre-
lated with MGMT protein detection in brain tumors by West-
ern blot (6). Other studies have confirmed the correlation
between MGMT PM and protein expression by Western blot
(4). Immunohistochemical detection of MGMT has a number
of reported confounding factors, including interobserver reli-
ability (10, 16), differences in expression between recurrent
versus primary disease, differences between infiltrating edge
and center of tumor (17) and variances between methods of
detection (6). Not surprisingly, the literature has warnings
against the use of MGMT immunostaining as a clinical bio-
marker in brain tumors (16, 18–20). A number of papers have
suggested that benign, MGMT-expressing cells found in
tumors, such as endothelial cells, lymphocytes, microglia, and
macrophages, may pose a problem in the interpretation of
MGMT immunostaining of brain tumors (21–23). Watanabe
(24), Nakasu (22, 25), and Sorensen (26) measured MGMT
immunohistochemically using serial sections to detect nontu-
mor, inflammatory cell markers using various markers includ-
ing CD3, CD45, Iba1, CD31, and CD68. In this way, they
identified regions with low populations of nonneoplastic cells
in which to count MGMT in tumor cells. They found that
MGMT percent positivity in tumor cells correlated with out-
comes in glioma patients, a finding supported by Sasai (27).
It is not clear whether an inflammatory cell infiltrate in a
brain tumor is a biological phenomenon without its own
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confounding effect. Recent papers by Yuan (28) suggested
that glioblastomas (GBM) with dense infiltrates of Iba-1-
positive microglia exhibit a prolonged survival, a finding con-
tradicted by Sorensen et al (29).

Burke et al has shown in a pilot study the feasibility of
double-labelling immunohistochemistry for nuclear MGMT
and nontumorous cytoplasmic and membranous elements via
CD34, CD45, and CD68 for a corrected MGMT status in
GBM (21). Double-labelling immunohistochemistry is an
established technique that is now available on some automated
immunohistochemistry platforms (e.g. Leica Biosystems,
Richmond, IL). Such a technique allows the distinction and si-
multaneous measurement of MGMT among neoplastic cells
and benign indigenous immune and endothelial cells.

For the past 5 years, we have tested for MGMT status in
2 ways, by MGMT PM and by immunohistochemistry. For the
immunohistochemistry method, we have prospectively ap-
plied a triple-antibody (MGMT, CD45, HAM56), double-
labelling (MGMT-brown nuclei; CD45 plus HAM56 cocktail-
red cytoplasm) protocol to identify MGMT in both tumor cells
and inflammatory and endothelial cells (IEC). In order to fo-
cus on tumor cell populations, we sought areas of tumor with
least IEC infiltrates. Tumor MGMT% was counted in nonred-
cytoplasmic staining cells in areas with fewest IEC infiltrates,
that is, “IEC cold spots.” Using this approach, we measured 3
indices: Uncorrected MGMT% (single color, single antibody
immunohistochemistry, number of MGMT brown nuclear-
stained cells divided by total cells in area), an IEC cold spot
percentage (IEC%; number of single color CD45/HAM56
cocktail cytoplasmic-stained cells divided by total cells in
area) and a corrected MGMT% (among the nonred-stained
cells, the number of cells with MGMT brown-positive nuclei
divided by the total number of nonred-stained cells). This
technique allowed correction for IEC MGMT positive nuclei
in the IEC cold spots. We compared these findings to MGMT
PM status. Our analysis on 982 patients with GBM collected
over 5 years indicate that both the uncorrected MGMT% score
and a complicated double-staining technique to derive a cor-
rected MGMT% tumor nuclear score are both significantly as-
sociated with MGMT PM status and with OS. Our results also
indicate that the cold spot IEC% found in GBM is associated
with a strong positive effect on OS. Similar investigations into
anaplastic astrocytomas (AA) did not yield significant results.

MATERIALS AND METHODS
The prospective collection of the data used in this study

and the retrospective analysis were granted waivers of consent
by the Duke Institutional Review board (PRO#00007434,
PRO#00067457). Protected Health Information was stripped
from each patient and replaced with an assigned number that
was linked via a separate key kept by a nonparticipating labo-
ratory technician.

The materials for this study were from 1181 patients
with primary high-grade astrocytomas (WHO Grades III and
IV) analyzed over a 7-year period (2007–2014) who had had
their neurosurgeries performed at Duke University Hospital of
which there were 982 GBM and 199 AA. Patients’ disease sta-
tus was labeled “newly diagnosed” (ND) if the time between

date of diagnosis and date of surgical procedure was<30 days;
otherwise, patients were considered to have “recurrent dis-
ease” (RD). None of our patients was tested twice; of the
patients who received multiple testing, only the primary result
was included for analysis. At the time of diagnosis, the cases
were prospectively tested for MGMT% and IEC infiltrates by
single stains as well as by a double-stain for IEC MGMT% by
immunohistochemistry using a triple-antibody, double-stain
procedure to correct for infiltrating inflammatory cells and in-
digenous endothelial cells as described below. Each case was
also independently tested for MGMT PM by a Clinical Labo-
ratories Improvement Act (CLIA) certified outside reference
laboratory (University of Pittsburgh Reference Laboratory,
Pittsburgh, PA).

The immunohistochemical staining procedure was per-
formed as follows: A hematoxylin and eosin (H&E)-stained
slide (Fig. 1A) and 6 serial 5-mm-thick sections were cut for
each immunohistochemical analysis (Figs. 1, 2) and consid-
ered slides #1–#6. For the triple-stained slides (slide #1),
MGMT monoclonal antibody (MAb) application followed
CD45/HAM56 dual-stain immunohistochemistry using a se-
quential staining method on the Bond Autostainer (Leica Bio-
systems) with the Bond Polymer Refine Detection system
with the following antibodies: MGMT (clone 3.1, Santa Cruz;
1:20 dilution), CD45 (clone NCL-LCA, Leica, 1:50 dilution),
and HAM56 (clone HAM-56, Cell Marque; 1:50 dilution).
The MGMT antibody was visualized with diaminobenzidine
([DAB]; brown nuclei) and the CD45/HAM-56 cocktail was
visualized with Texas red (red cytoplasmic and membranous
stain). A negative control (slide #2) consisting of a mouse IgG
MAb against an irrelevant antigen was performed with each
patient’s case. External controls for CD45 and MGMT were
performed with each assay. Single immunohistochemistry
assays (with negative isotype matched controls) for CD45
(slides #3, #4 respectively) and MGMT (slides #5 and #6, re-
spectively) were run alongside the dual-stained slides (slide
#1) for each case. The single MGMT immunohistochemistry
stain result was analyzed to determine the “uncorrected
MGMT% score.”

For analysis, the single-stained CD45 slide (slide #3;
Figs. 1B, 2A, B) was examined microscopically to determine
the area of tumor with the least infiltrates of CD45-positive
cells (IEC cold spots). In these cold spots, the percentage of
CD45-positive cells among 100 cells was recorded (cold spot
IEC%). The area on the slide was marked and the matching
area on the serial slide similarly identified. A single-stained
MGMT slide (slide #5) was also examined to determine
uncorrected MGMT% score in the IEC cold spot using the Au-
tomated Cellular Imaging System (ACIS; DAKO, San Juan
Capistrano, CA). The ACIS system measured the percentage
of nuclei staining positively with MGMT MT3.1 within the
field of interest. Slide #1 (triple antibody, dural chromogen-
stained slide) was then analyzed microscopically (Figs. 1C,
2C) in the IEC cold spot by the same technician who deter-
mined the corrected MGMT% score of MGMT positive nuclei
found in cells negative for IEC red staining and recorded the
value. The corrected results were then compared with the
ACIS determined uncorrected MGMT% score (slide #5) mi-
nus the CD45-positive cell percentage (slide #3), to compare
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against the manual count. In order to overcome interobserver
variation, all of the results were quantitated by the same 2 indi-
viduals, initially by a technologist (A.A.) then by a neuropa-
thologist (R.E.M.). A final consensus quantitation of results
was determined at this time along with determination of suffi-
ciency of neoplastic tissue and discussion of technical issues.
Data analysts (A.C. and T.D.) recorded results in a RED-
CapTM database. Survival data were abstracted and entered
into a REDCap database (E.L.). In cases in which <50 neo-
plastic cells were identifiable (for example, in a needle bi-
opsy), the case was reported as “Insufficient for analysis.”
Over the 5 years of the present study, these rare insufficient

cases were excluded from the database and were not available
for this analysis.

According to the literature provided with each test re-
sult, PM was performed by MethyLight PCR, confirmed with
methylation-specific PCR at the University of Pittsburgh Med-
ical Center (Pittsburgh, PA) referral laboratory at the time of
the pathologic analysis as part of the patient’s clinical care
(30) using the following method described in their common
methodology report: Manual microdissection was used to sep-
arate neoplastic tissue and normal adjacent tissue. In order for
a tissue target to be accepted for analysis, microdissection of a
minimum of 50% of tumor cells was required. DNA was

FIGURE 1. (A) Anaplastic astrocytoma, NOS, WHO Grade III with nuclear pleomorphism and modestly increased cellular density.
(B) CD45 immunohistochemistry reveals �20% of the cells to be microglia. (C) CD45/HAM56 cocktail (Texas red chromogen)
confirms the IEC shown above while the DAB-stained nuclei reflect MGMT enzyme localization. (A: H&E; B: CD45 with DAB
chromogen; C: CD45/HAM56 with Texas red chromogen and MGMT with DAB chromogen).

FIGURE 2. (A) Densely cellular infiltrate of an anaplastic astrocytoma, NOS, WHO Grade III. (B) Serial section with the CD45
individual stain revealing a dense infiltrate of microglia comprising �70% of cells. (C) Serial section with the antiMGMT showing
�20% of the cells to exhibit brown nuclei. (D) CD45/HAM56 cocktail reveals the vast majority of the brown-stained nuclei to be
red IEC. (A: CD45 with DAB chromogen; B: CD45 with DAB chromogen; C: CD45/HAM56 cocktail with Texas red chromogen;
MGMT with DAB chromogen).
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isolation was per standard laboratory procedure. Optical den-
sity readings provided DNA concentration results. The DNA
samples underwent sodium bisulfite treatment; bisulfite-
converted DNA was recovered using EpiTect Bisulfite KitTM
(Qiagen, Germantown, MD). Bisulfite-treated DNA was am-
plified per described method (31–33). The results of MethyL-
ight PCR were confirmed by methylation-specific PCR and
agarose gel electrophoresis (34). The specimen was consid-
ered negative for MGMT PM when the methylation Index was
0 and no amplification was detected by methylation-specific
PCR (32).

Statistical Methods
OS was computed from date of procedure from which

the tissue tested was procured until date of death or last
follow-up if censored. The effects of both MGMT% and IC%
on survival were assessed using Cox proportional hazard mod-
els in both the univariate and multivariate settings and demon-
strated visually using a Kaplan Meier graph. Youden’s J
statistic, calculated as the sum of the sensitivity and specificity
less 1, was used to identify an optimal labeling index cut-off
within ND and RD patients.

RESULTS

Demographics
Diagnosis, gender distribution, recurrence status,

MGMT PM results, and IDH mutational status are shown in
Table 1. There were 1,181 patients evaluated in total, includ-
ing 473 females and 708 males with a mean age of 55 (SD:
14.24) years (Table 2). There were 982 patients with GBM, of
which 647 were ND and 335 were RD. Of the 199 diagnosed
with AA, 103 were ND and 96 were RD (Table 1). The sur-
vival of GBM patients was significantly worse among those
with RD than among ND patients, with median OS of
13.1 months (95% CI: 11.4–13.9) and 16.0 months (95% CI:
14.6–17.1), respectively. Among patients with AA, the differ-
ence between ND and RD subgroups was not significant, with
OS median of 22.2 months (95% CI: 18.4–33.1) and
19.5 months (95% CI: 16.2–29.7), respectively (Table 3). Over
two-thirds of the patient and tumor data were collected prior
to the discovery of the significance of IDH status and survival.
We instituted prospective clinical testing of all gliomas in De-
cember 2011. Of the samples available, 17/51 AA patients and
18/329 of GBM patients had tumors with mutated IDH1
(Table 2).

MGMT PM Status Is Associated With
Prolonged OS

Mean ages at procedure as well as mean uncorrected
and corrected MGMT% scores for both AA and GBMs are
shown in Table 2. MGMT PM status (present vs absent) was
significantly associated with prolonged OS in GBM’s (HR
0.718; 95% CI: 0.624, 0.827; Fig. 3). There was no evidence
that PM had a similar effect on OS in AA’s.

Uncorrected MGMT% Immunohistochemistry
Scores in the IEC Cold Spots Are Associated
With MGMT PM Status and Prolonged OS

Among the GBM tumor samples, mean uncorrected
MGMT% was 19.87 (range 0–90) and MGMT PM was found
in 54%. MGMT PM score and uncorrected MGMT% score by
immunohistochemistry were inversely associated in GBM
(Wilcoxon signed rank p< 0.0001). The raw MGMT% score
was compared with the “gold standard” of PM positive or neg-
ative by PCR. This analysis does show a significant relation-
ship between the positive MGMT PM testing and the
uncorrected IHC results among the GBM. Interestingly, this
analysis also demonstrated a significant relationship between
MGMT positivity and the uncorrected IHC results among AA.
As a result of this analysis, we were able to calculate sensitiv-
ity and specificity with the MGMT IHC score versus the
MGMT PM score (gold standard). For the ND gliomas, the

TABLE 1. Gender Diagnosis Status, MGMT and IDH1 by
Diagnosis

Diagnosis

AA GBM

N % N %

Total # patients 199 16.85 982 83.15

Gender

Female 75 6.35 398 33.70

Male 124 10.50 584 49.45

Diagnosis status

Newly diagnosed 103 8.72 647 54.78

Recurrent 96 8.13 335 28.37

MGMT promoter methylation status

Identified 115 9.74 451 38.19

Not identified 84 7.11 531 44.96

IDH1 diagnostics

Missing 148 12.53 653 55.29

Intact 34 2.88 311 26.33

Mutation 17 1.44 18 1.52

AA, anaplastic astrocytoma; GBM, glioblastoma; MGMT, O6-methylguanine-DNA
methyltransferase.

TABLE 2. Age, MGMT, and IEC by Diagnosis

Diagnosis

AA GBM

n Mean, SD n Mean, SD

Age at procedure 199 47.27, 15.12 982 56.70, 13.52

Uncorrected MGMT% 193 22.01, 18.54 934 19.87, 16.41

Corrected MGMT% 194 19.14, 16.80 933 16.67, 15.22

IEC% 182 17.68, 15.37 910 18.65, 13.73

AA, anaplastic astrocytoma; GBM, glioblastoma; IEC, inflammatory and endothelial
cells; MGMT, O6-methylguanine-DNA methyltransferase.
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specificity was 0.602 and the sensitivity was 0.582 while for
the recurrent tumors, the specificity was 0.591 and sensitivity
was 0.577. OS was highly correlated with uncorrected
MGMT% based on an analysis of combining AA and GBM
patient groups (Pearson’s r¼ 0.8625, p< 0.0001). Uncor-
rected MGMT% score had a significant association with OS in
GBM’s (HR for 5% increase in MGMT%: 1.030; 95% CI:
1.007, 1.054), but there was not similar evidence in AA
patients (Table 4).

The maximum value of Youden’s statistic was used to
select an optimal cut-off point for uncorrected MGMT% im-
munohistochemistry as a predictor of MGMT PM status. The
optimal point for ND patients was 19.19; whereas the cut-off
for recurrent patients was 19.38. These cut-points corroborate
previous studies indicating an immunohistochemical percent
positive range of 10%–20% as cut-points (1, 17, 24).

Corrected MGMT% in the IEC Cold Spots Is
Similar to Uncorrected MGMT%

Among the GBM patients, mean corrected MGMT%
was 19.87 (range 0–90). Lymphocytes and microglia express

MGMT protein (21, 22); an effect that could potentially inter-
fere with the immunohistochemical detection of MGMT in
gliomas. Variable survival results have been reported between
inflammatory cell infiltrates and OS (18, 35–38). Both effects
were therefore evaluated. To correct for the contribution of in-
flammatory cell MGMT immunohistochemical positivity on
uncorrected MGMT% score, we analyzed the MGMT% score
in IEC cold spots, that is, areas of tumor with lowest density of

TABLE 3. GBM and AA Deaths Stratified by ND and RD Along With Various Survival Estimates

Diagnosis,

Status

Total # Failed Median Survival in

Months (95% CI)

1 Year Survival

(95% CI)

2 Year Survival

(95% CI)

3 Year Survival

(95% CI)

5 Year Survival

(95% CI)

AA, ND 103 67 22.2 (18.4, 33.1) 76.4% (66.6%, 83.6%) 44.6% (33.9%, 54.7%) 37% (26.5%, 47.5%) 19.4% (10.8%, 29.9%)

AA, RD 96 54 19.5 (16.2, 29.7) 80.4% (70.3%, 87.3%) 42.6% (31.2%, 53.4%) 35.9% (25%, 47%) 28% (17.6%, 39.4%)

GBM, ND 647 534 16 (14.6, 17.1) 63.5% (59.5%, 67.2%) 28.1% (24.4%, 31.9%) 14.2% (11.3%, 17.4%) 3.6% (2.1%, 5.8%)

GBM, RD 335 267 13.1 (11.4, 13.9) 52.7% (47%, 58.1%) 20.7% (16.1%, 25.7%) 12.5% (8.7%, 17%) 5.9% (3.2%, 9.7%)

AA, anaplastic astrocytoma; GBM, glioblastoma; ND, newly diagnosed; RD, recurrent disease.

FIGURE 3. Kaplan Meier curve demonstrating association between MGMT PM and overall survival.

TABLE 4. Univariate Associations of MGMT and IEC% With OS

Diagnosis Parameter HR (95% CI) p value

AA Uncorrected MGMT% 1.007 (0.997, 1.017) 0.1947

Corrected MGMT% 1.005 (0.995, 1.016) 0.3388

IEC% 1.002 (0.990, 1.014) 0.7245

GBM Uncorrected MGMT% 1.006 (1.001, 1.011) 0.0118

Corrected MGMT% 1.006 (1.002, 1.011) 0.0096

IEC% 0.993 (0.988, 0.999) 0.0163

AA, anaplastic astrocytoma; GBM, glioblastoma; IEC, inflammatory and endothelial
cells; MGMT, O6-methylguanine-DNA methyltransferase, OS, overall survival.
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red-staining CD45-positive/HAM56-positive cells by micro-
scopic examination of the stained slide and confirmed by cor-
relation with the CD45-stained slide. Corrected MGMT% was
only determined from nonred-staining (CD45-negative/
HAM56-negative) cells. The resultant corrected MGMT%
was highly correlated with the uncorrected MGMT% based on
an analysis of combining AA and GBM patient groups (Pear-
son’s r¼ 0.8625, p< 0.0001). Similar to uncorrected
MGMT%, corrected MGMT% was significantly associated
with OS in GBM’s, but this association was not observed in
AA’s (Table 4).

Cold Spot IEC% Is Associated With OS
We then separately examined the distribution of the IEC

in AAs and GBMs and its association with OS. The mean cold
spot IEC% in GBMs was 18.65 (SD 13.73); increasing cold
spot IEC% had a significant association on prolonged OS in
GBM’s (HR: 0.993; 95% CI: 0.988, 0.999). There was no sim-
ilar evidence of an association in AA’s (Table 4).

Uncorrected MGMT% and Cold Spot IEC% Are
Associated With OS in a Multivariate Setting

In a multivariate Cox model (Table 5) including both
uncorrected MGMT% and cold spot IEC% adjusted for age at
procedure, diagnosis, and diagnosis status, there was evidence
that the risk of death increased with MGMT% (HR: 1.008,
95% CI: 1.003, 1.012) and decreased as cold spot IEC% in-
creased (HR: 0.992, 95% CI: 0.987, 0.997). As a secondary
analysis, IDH1 mutational status was also included in this
multivariate setting, and the adjusted associations of MGMT%
and IEC% remained (Table 6).

DISCUSSION
Previous studies have debated the utility of MGMT im-

munohistochemistry detection in high-grade gliomas (4). The
method has a number of reported confounding factors, including
interobserver reliability (10, 16), infiltrating microglia and indig-
enous endothelial cells (23), differences in expression between
recurrent versus primary disease (39), and variances between
methods of detection (6). In order to overcome the issue of inter-
observer variation (16), these cases were reviewed by the same
2 individuals, a technologist (A.A.) and a neuropathologist

(R.E.M.). Further, the uncorrected MGMT% was determined us-
ing a digital imaging system, as highlighted by Araki et al (40).

To address the issue of infiltrating microglia and indige-
nous endothelial cells (17, 21, 22, 27, 29), previous studies have
used a combination of antibodies including CD45 (21), CD68
(macrophage/microglia) (23), Iba1 (microglia) (26), CD31 (en-
dothelial cells) (26), and/or CD34 (endothelial cells) (21, 22,
24). In our diagnostic neuropathology service, we have rou-
tinely used HAM56 to identify both macrophages and endothe-
lial cells in tumors for years and found its biphenotypic affinity
provides simplicity and efficiency in this application (41, 42).
Furthermore, other studies have found that CD34 can be found
in dysplastic neurons, gangliogliomas, hemangiopericytomas,
and other gliomas (43). Similarly, CD31 has been used to iden-
tify transdifferentiation in GBM (44), thus indicating that no en-
dothelial marker is perfect. Five years ago, we incorporated this
MAb into a 3-antibody/dual-color technique that allowed us to
correct for CD45-positive/HAM56-positive red cytoplasmic
staining inflammatory cells and endothelial cells while also
counting “naked” MGMT-positive DAB-brown nuclei.

Molecular pathology has also been used to investigate
MGMT status and has exploited the fact that MGMT expres-
sion is largely controlled via methylation of the promoter re-
gion of the gene, an epiphenomenon that is inheritable through
the cell lineage (45). The advantage that immunohistochemis-
try brings is its ease and speed of application relative to molec-
ular techniques and familiarity to most diagnostic laboratories
(24). In the present study, we confirmed what has been vari-
ably reported by others (39, 46), that the immunohistochemi-
cal detection of MGMT protein was inversely associated with
MGMT PM in GBM.

Isocitrate dehydrogenase mutation appears to result in
widespread PM, and may actually represent a biomarker for
more widespread methylation-inhibition of other drug resis-
tance mechanisms (47). Therefore, we investigated IDH muta-
tional status in these cases. In the present study, over two-
thirds of the patient and tumor data were collected prior to the
discovery of the significance of IDH status and survival. Of
those samples with IDH1 testing, only 9.2% (35/380) of
tumors (33% of AA and 5% of GBM) demonstrated IDH1
mutations (Table 1) suggesting a minor role in controlling the
MGMT PM status (48). Given the scope of this study and the
small number of events and limited follow-up within this

TABLE 5. Hazard Ratios From a Multivariate Cox Model
Predicting OS

Parameter p Value HR 95% Confidence Limits

Age at procedure <.0001 1.024 1.018, 1.030

Diagnosis AA vs GBM <.0001 0.586 0.476, 0.721

Diagnosis status ND vs RD 0.0002 0.755 0.652, 0.874

MGMT% 0.0005 1.008 1.003, 1.012

IEC% 0.0021 0.992 0.987, 0.997

AA, anaplastic astrocytoma; IEC, inflammatory and endothelial cells; GBM, glio-
blastoma; MGMT, O6-methylguanine-DNA methyltransferase; ND, newly diagnosed;
OS, overall survival, RD, recurrent disease.

TABLE 6. Hazard Ratios From a Multivariate Cox Model
Predicting OS That Also Includes IDH1 Mutational Status

Parameter p Value HR 95% Confidence Limits

Age at procedure <.0001 1.024 1.018, 1.030

Diagnosis AA vs GBM <0.0001 0.591 0.480, 0.727

Diagnosis status ND vs RD 0.0001 0.752 0.649, 0.871

IDH1 Mutant vs intact 0.4877 0.763 0.356, 1.637

IDH1 NOS vs intact 0.2322 0.905 0.769, 1.066

MGMT% 0.0018 1.007 1.003, 1.012

LCA% 0.0037 0.992 0.987, 0.998

AA, anaplastic astrocytoma; IEC, inflammatory and endothelial cells; GBM, glio-
blastoma; MGMT, O6-methylguanine-DNA methyltransferase; ND, newly diagnosed;
OS, overall survival; RD, recurrent disease.
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subset, a formal analysis of IDH1 is not appropriate. However,
for the 329 patients for whom IDH status was known, IDH1
mutational status was not found to be associated with survival
in GBMs, though there is a trend towards a beneficial effect for
IDH mutated tumors, especially noted at 2 years (Table 7). Ad-
ditionally, the effects of MGMT% and IEC% remained when
adjusted for IDH1 in a multivariate setting (Table 6). In addi-
tion, the survival data can be compared with the previous stud-
ies on the effect of MGMT on survival (16, 17, 34) that were
performed on IDH status naı̈ve tumors. It may not be appropri-
ate to compare the current study to previous studies where
tumors were not stratified by IDH status, as, in hindsight,
those studies suffer from the drawback of IDH status being a
potentially unmeasured confounding variable. This supports
the need for further studies to adequately understand the
effect of IDH. The immunohistochemical method described
in this paper was not found to be predictive of survival in
lower-grade astrocytomas (WHO Grade III) nor, as previ-
ously reported from our laboratory (49), in oligodendroglio-
mas. In reviewing these cases, our results confirm those of
Yuan et al that lower-grade gliomas have more obviously in-
filtrative features (leading edge effect) in which benign glia
become incorporated into the tumors (36). These benign glial
elements are not identified by either the CD45 or the HAM56
antibodies and are thus included in the neoplastic cell counts.
These benign cells are strong expressers of MGMT (3). Be-
cause PM of MGMT is strongly associated with the malig-
nant genotype, molecular detection of this epiphenomenon
is recommended over immunohistochemical detection in dif-
fuse gliomas (WHO Grades II–IV).

Another finding of this analysis was that the cold spot
IEC% was independently predictive of a survival advantage to
the GBM patient with a high cold spot IEC%. The data were
collected prospectively with a standardized procedure, and the
results were not found to be significant in AA. The data were
collected in regions identified with lowest IEC% without re-
gard to MGMT immunohistochemistry status. Previous stud-
ies have noted a survival advantage for dense IEC infiltrates in
the center of a glioma (18, 35, 36) though none was analyzed
by cold spot identification, a measure that may index the ex-
tent to which infiltrating IEC have overcome inhibitory signals
and permeated the tumor. Other studies have not identified a
relationship among tumor infiltrating lymphocytes, microglia,
and OS in gliomas (37, 38). The inverse relationship between
the effect on survival of MGMT immunohistochemistry scores
and cold spot IEC% lends credence to a previous hypothesis
that tumor infiltrating lymphocyte counts may be associated
with methylation status of GBMs (50).

Previous authors have recommended using both MGMT
PM quantitative results and MGMT IHC quantitative results.

The present study supports that contention in that, indepen-
dently, patients with either a negative IHC result or a positive
methylation result survive longer relative to patients with a
negative methylation test or a positive IHC result (51).

In conclusion, a MGMT% score corrected by using a
complicated 3-antibody/2-color immunohistochemical method
does not provide significantly improved prognostic data versus
an uncorrected score; both are inversely correlated with
MGMT PM status and both are associated with a shortened
survival. However, an IEC% derived from a tumor cold spot
does provide additional prognostic information that can be
gained from this correction method.
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