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ABSTRACT

BACKGROUND AND PURPOSE: Histologic grading of intracranial astrocytomas is affected by sampling error and substantial inter- and
intraobserver variability. We proposed that incorporating MR imaging into grading will predict patient survival more accurately than
histopathology alone.

MATERIALS AND METHODS: Patients with a new diagnosis of World Health Organization grades II–IV astrocytoma or mixed oligoastro-
cytoma diagnosed between September 2007 and December 2010 were identified. Two hundred forty-five patients met the inclusion
criteria. Preoperative MRIs were independently reviewed by 2 readers blinded to the histologic grade, and an MR imaging grade was given.
The MR imaging and histopathologic grades were compared with patient survival.

RESULTS: Patients with grade II or III astrocytomas on histology but evidence of necrosis on MR imaging (consistent with a grade IV tumor)
had significantly worse survival than patients with the same histology but no evidence of necrosis on MR imaging (P � .002 for grade II
histology and P � .029 for grade III). Their survival was not significantly different from that in patients with grade IV tumors on histology
(P � .164 and P � .385, respectively); this outcome suggests that all or most are likely to have truly been grade IV tumors. MR imaging
evidence of necrosis was less frequent in grade II and III oligoastrocytomas, preventing adequate subgroup analysis.

CONCLUSIONS: MR imaging can improve grading of intracranial astrocytomas by identifying patients suspected of being undergraded by
histology, with high interobserver agreement. This finding has the potential to optimize patient management, for example, by encouraging
more aggressive treatment earlier in the patient’s course.

ABBREVIATIONS: ECOG � Eastern Cooperative Oncology Group; HR � hazard ratio; IDH1 � isocitrate dehydrogenase-1

Management of intracranial astrocytic tumors is heavily in-

fluenced by the histologic grade obtained at the time of

surgical biopsy or resection. World Health Organization grade IV

astrocytomas (glioblastoma) are the most common, and most

glioblastomas are considered to arise de novo (primary glioblas-

tomas).1,2 Grade II and III astrocytomas (diffuse astrocytoma and

anaplastic astrocytoma, respectively) may also progress to grade

IV (glioblastoma) with time. Secondary glioblastomas are associ-

ated with a better prognosis and typically demonstrate isocitrate

dehydrogenase-1 (IDH1) mutations.2 Assigning a specific grade is

important for routine patient management and for inclusion into

clinical trials. The overall tumor grade depends on the highest

grade component within the sample obtained; however, astrocy-

tomas are heterogeneous tumors on both imaging and histology,

and different components of the same tumor may exhibit differ-

ent grades on histopathology. As a result, sampling error some-

times occurs when grading astrocytomas from surgical speci-

mens, in particular when the specimen was obtained by biopsy.3-5

It also remains a risk with a resection because the pathologist

typically does not receive the entire resected tumor for examina-

tion, as generally occurs with visceral tumors. The highest grade

component may therefore not be present in the sample available

for analysis. This sampling error can lead to undergrading of tu-

mors, which, in turn, can potentially result in undertreatment. In
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addition, due to varying practices even among pathologists work-

ing within the same department, interobserver correlation for his-

topathology has been shown to be only poor to moderate (� �

0.06 – 0.66).6-8

MR imaging has been shown to correlate with histologic

grade9-14 but has the important advantage of being able to scan

the entire tumor in vivo and is therefore not susceptible to sam-

pling error. When evaluating MR imaging, the literature usually

uses histologic grade as the criterion standard; this practice makes

it difficult to interpret the results given the aforementioned limi-

tations of histopathology (sampling error and inter- and intraob-

server variability) and likely underestimates the accuracy and util-

ity of MR imaging. Using histopathology as the criterion standard

also does little to clarify the practical questions of how to proceed

when histopathology and MR imaging are disparate and which of the

2 better predicts the patient’s outcome in this situation. In particular,

it is not clear whether a patient should be presumed to have a higher

grade tumor when the MR imaging appearance suggests a higher

grade than the histologic assessment.

In this study, we correlated MR imaging appearances with

patient survival and compared how well the MR imaging grade

predicted biologic behavior compared with the histologic grade.

We proposed that incorporating MR imaging into grading could

predict patient survival better than the current criterion standard

of histopathology alone.

MATERIALS AND METHODS
Patient Selection
Patients with a new diagnosis of a World Health Organization

grade II–IV astrocytoma or mixed oligoastrocytoma were identi-

fied through the Central Nervous System Tumor Data Base at our

hospital, which routinely captures all new patients with astrocy-

toma treated at our institution. All were adults who had not un-

dergone treatment before surgery. Protoplasmic astrocytomas

(n � 9) and gemistocytic astrocytomas (n � 5), which are known

to have atypical imaging appearances, were excluded, as were pa-

tients with imaging appearances suggestive of gliomatosis cerebri

(n � 4). Pure oligodendrogliomas were also not included. We

included only patients with MR imaging performed before their

first operation for this tumor, including at least a postcontrast

sequence, available for review on the PACS. Seventeen patients

were excluded due to a lack of preoperative postcontrast MR im-

aging. The study period was September 2007 to December 2010,

to allow adequate time for survival information. Institutional Hu-

man Research Ethics Committee approval was obtained.

Patient demographics and baseline Eastern Cooperative On-

cology Group (ECOG) performance status were obtained from

the data base. The histologic grade of the tumor was taken from

the histopathology report available on the clinical information

system of the hospital. One patient was excluded because the his-

topathology had been reported at another institution and was not

available for review. Of the histology reports included, all except 1

patient’s histology was reported by 1 of 2 experienced neuropa-

thologists. Histology for this single outlying patient and for 6 pa-

tients for whom the histopathologic grade was not clearly stated in

the hospital report were blindly reviewed and graded by 1 of the 2

neuropathologists for the purposes of the study. IDH1 mutation test-

ing was subsequently performed for patients with evidence of necro-

sis on MR imaging but grade II or III histology, to determine if this

subset of patients showed an association with IDH1 mutations,

which would be suggestive of secondary glioblastomas. The prolifer-

ative index (Ki-67 or topoisomerase) was also determined for these

patients, either taken from the formal hospital report (n � 10) or

calculated on subsequent review if not reported initially (n � 13).

MR Imaging Review
Preoperative MRIs were independently reviewed retrospectively on

the PACS by 2 readers, blinded to the histologic grade, and an MR

imaging grade was given. The readers were an MR imaging fellow

and a neuroradiologist with 5 years of subspecialty experience. For

this study, the MR imaging grade was determined on the basis of the

postcontrast MR imaging, as a surrogate for the histologic grading

criteria used at our institution. MR imaging grade IV was assigned

when there was evidence of necrosis—a complete enhancing ring on

a postcontrast T1-weighted sequence around a central nonenhanc-

ing area. If there was enhancement but no convincing necrosis, this

finding was designated grade III. Wispy enhancement was not con-

sidered sufficient for grade III. MR imaging grade II was assigned

when the tumor demonstrated no contrast enhancement or necrosis.

Discrepancies in the grade between the 2 MR imaging readers were

decided by consensus, with knowledge of their initial MR imaging

grade but again blinded to the histopathologic grade.

Most MR imaging studies (236 patients) were performed en-

tirely at our institution, on 1 of 3 scanners (Magnetom Tim Trio;

Siemens, Erlangen, Germany, 3T, software VB 17; Signa HDx,

1.5T; GE Healthcare, Milwaukee, Wisconsin, software Version 14;

Signa LX, 1.5T; GE Healthcare, software Version 9.1). Most (212

of 245) were standard diagnostic studies. At 1.5T, these generally

included at least axial T1WI, T2WI, FLAIR, and DWI sequences;

sagittal T1WI; and a susceptibility-sensitive sequence (varying

among scanners). Postcontrast T1-weighted sequences were per-

formed in the axial and coronal planes, and usually a volumetric

acquisition for the purposes of stereotaxis was performed. At 3T, the

only difference was that the pre- and postcontrast T1-weighted se-

quences were acquired volumetrically, with reconstructions in 3

planes. Overall, MR spectroscopy and dynamic susceptibility con-

trast perfusion were performed in 63 and 31 patients, respectively.

The remainder (n � 33) were most commonly limited volumetric

postcontrast T1WI studies for stereotaxis. The standard intravenous

contrast medium administered was 15 mL of gadopentetate dime-

glumine, with the postcontrast sequence generally performed 2–3

minutes after contrast administration.

Surgical Technique
Surgical biopsies and resections were guided stereotactically by

targeting the most suspicious areas on MR imaging by using the

VectorVision Navigation System (BrainLAB, Feldkirchen, Ger-

many). This usually incorporated a volumetric postcontrast

T1WI sequence. Information about whether the operation was a

biopsy or resection was obtained from the data base.

Statistical Analysis
Interobserver reliability and agreement between the 2 readers of

MR imaging grades were evaluated by using the � statistic, while
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the Spearman correlation coefficient was used to assess the corre-

lation between the histology and MR imaging grades. Both uni-

variate and multivariate Cox logistic regression analyses were

used to test for associations between overall survival and age, sex,

performance status, and a combination of MR imaging and his-

tologic grades. ECOG performance status was considered in a

binary manner, namely 0 –1 and 2– 4. This grouping was selected

because it provided better balance between the 2 groups than the

other of the 2 groupings commonly used in the literature: 0 –2 and

3– 4. Different categoric variables were created that reflected dif-

ferent combinations of MR imaging and histologic grades. For the

univariate analysis, the log-rank test was used for associations

between survival and categoric variables, while Cox regression

was used for continuous variables such as age. Kaplan-Meier

curves were estimated to illustrate the association and nonasso-

ciations between survival and the categoric variables, with the Cox

proportional hazard model used to compare survival between

groups, after adjusting for relevant covariates. Results are pre-

sented as hazard ratios (HRs) with 95% confidence intervals. A

2-tailed P value of .05 was considered statistically significant.

STATA statistical analysis software (Version 12.1; StataCorp, Col-

lege Station, Texas) was used.

RESULTS
Patient Demographics
Two hundred forty-five patients met the inclusion criteria, of 281

patients identified initially. There were 136 men (56%) and 109

women. Patient ages ranged from 19 to 89 years, with a median of 61

years. Patient age was found to be a strong predictor of survival in-

dependent of histologic grade; hence, all results provided are cor-

rected for age. Forty patients (16%) had grade II histology, 35 (14%)

had grade III, and 170 (69%) had grade IV. Thirty-four patients

(14%) had mixed oligoastrocytomas; the remainder had astrocyto-

mas (n � 211). All patients underwent MR imaging within 11 days

before surgery, and all except 7 patients, within 7 days. ECOG per-

formance status data were available in 91% of patients (223 of 245):

Ninety-seven patients were ECOG 0; 60, ECOG 1; 33, ECOG 2; 25,

ECOG, 3; and 8, ECOG 4. As for age, performance status was an

independent predictor of survival, thus the associations with survival

for the MR imaging and histologic grades were also corrected for

performance status. These baseline characteristics and the univariate

results are presented on Table 1.

MR Imaging Histology Correlation
The MR imaging and histologic grades are compared in Table 2

for astrocytomas and in Table 3 for mixed oligoastrocytomas.

Overall agreement between the 2 MR imaging readers was high,

occurring in 233 of 245 patients, or 95% (� � 0.87). Correlation

between the MR imaging consensus grade and the histologic

grade was moderate at 82% (� � 0.58).

Astrocytomas
Of the 25 patients with grade II histology, 5 (20%) exhibited MR

imaging evidence of necrosis (consistent with a grade IV tumor).

Their mean survival was 233 days, significantly worse than the

survival of patients with grade II histology but no evidence of

necrosis on MR imaging (median survival, �946 days; P � .002;

HR � 44.6; 95% CI, 4.0 –502.6). These patients with necrosis on

MR imaging had statistically equivalent survival (P � .164) com-

pared with those with grade IV histology (median survival, 257

days), though with a slight trend toward worse survival (HR �

1.9; 95% CI, 0.8 – 4.8). The survival of these 3 groups is compared

on the Kaplan-Meier curve (Fig 1).

For the grade III histology group, 16 of 28 (59%) had evidence

of necrosis on MR imaging, with a median survival of 245 days.

Examples are shown in Fig 2. Again, their survival was signifi-

cantly worse than that for patients without MR imaging evidence

of necrosis (median survival, 564 days; P � .029; HR � 3.3; 95%

CI, 1.1–9.8) and was equivalent to that of the grade IV histology

Table 1: Patient baseline characteristics and univariate results

Variable

No. (%), Unless
Otherwise
Specified HR 95% CI P Value

Total 245
Sex

Female 109 (44.5%) 1 – –
Male 136 (55.5%) 1.15 0.86–1.54 .346

Age (yr)
Continuous

Median (IQR) 61 (49–71) 1.05 1.04–1.07 �.001
Categorized

19–53 79 (32.2%) 1 – –
54–67 80 (32.7%) 2.59 1.75–3.84 �.001
68� 86 (35.1%) 5.05 3.42–7.47 �.001

MRI grade
II 39 (15.9%) 1 – –
III 19 (7.8%) 2.28 0.97–5.38 .059
IV 187 (76.3%) 8.39 4.50–15.67 �.001

Histology grade
II 40 (16.3%) 1 – –
III 35 (14.3%) 2.55 1.28–5.08 .007
IV 170 (69.4%) 5.88 3.32–10.43 �.001

Histology type
Astrocytoma 211 (86.1%) 1 – –
Oligoastrocytoma 34 (13.9%) 0.31 0.18–0.52 �.001

ECOG (continuous)
Mean � SD 0.78 � 1.39 1.47 1.30–1.67 �.001

ECOG (grouped)
0–1 157 (64.1%) 1 – –
2–4 66 (26.9%) 2.13 1.54–2.94 �.001

Note:—IQR indicates interquartile range.

Table 2: Number of patients with astrocytoma with each
histologic and MRI grade

MRI
Grade

Histologic Grade

TotalII III IV
II 15 5 1 21
III 5 7 4 16
IV 5 16 153 174
Total 25 28 158 211

Table 3: Number of patients with mixed oligoastrocytoma with
each histologic and MRI grade

MRI
Grade

Histologic Grade

TotalII III IV
II 13 5 0 18
III 1 1 1 3
IV 1 1 11 13
Total 15 7 12 34
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group (P � .385). These survivals are compared on the Kaplan-

Meier curve (Fig 3).

IDH1 mutation status was tested on all 21 patients with grade

II or III histology but MR imaging evidence of necrosis, and it was

negative in all patients. The proliferative index varied widely,

from 1% to �75%. Five of the 21 patients had further surgery

within 4 months of their initial surgery (after 8, 10, 46, 90, and 109

days, respectively). In each case, histology showed grade IV tu-

mor. Histology was obtained by resection in 9 of 21 patients

(43%) with grade II or III histology but MR imaging evidence of

necrosis and by biopsy in the other 12. This proportion obtained

by resection was slightly higher than that for the patients with

grade II or III histology but no evidence of necrosis on MR imag-

ing (11 of 32, 34%). This difference was not statistically significant

(P � .533).

Of patients with grade II histology, there was no significant

difference in survival (P � .300) between those with no enhance-

ment (MR imaging grade II) compared with those with enhance-

ment but no evidence of necrosis (MR imaging grade III). Simi-

larly, for patients with grade III histology, there was no significant

difference in survival (P � .119) between those with MR imaging

grades of II and III. Of the patients with grade IV histology, im-

aging of 4 demonstrated enhancement but not convincing necro-

sis on MR imaging, and imaging of 1 patient did not exhibit any

enhancement. These 5 patients without evidence of necrosis on

MR imaging showed a trend toward longer survival (median sur-

vival, 589 days) compared with the remaining patients with grade

IV histology (median survival, 252 days; HR � 0.4; 95% CI, 0.1–

1.3), though with the small number of patients, this was not sta-

tistically significant (P � .138).

Mixed Oligoastrocytomas
Fewer grade II and III oligoastrocytomas showed evidence of ne-

crosis on MR imaging (only 1 of each grade); this result precluded

adequate subgroup analysis. IDH1 was positive in 1 of these 2

patients. When corrected for age, ECOG performance status, and

histologic grade, patients with mixed oligoastrocytomas had sig-

nificantly better survival than those with pure astrocytomas (P �

.031; HR � 0.52; 95% CI, 0.3– 0.9).

DISCUSSION
We have described a simple yet robust approach to MR imaging

grading of intracranial astrocytomas. MR imaging can accurately

identify a significant number of patients undergraded by histol-

ogy, in particular those suspected of truly having grade IV tumors

on the basis of MR imaging evidence of necrosis. The survival data

strongly suggest that all or most of the astrocytomas with grade II

and III histology but evidence of necrosis on MR imaging were

indeed glioblastomas. In addition, they appear to have generally

been primary glioblastomas, given IDH1 mutation negativity,

rather than secondary glioblastomas (which are associated with

IDH1 mutations and typically have a better prognosis).2 Under-

grading occurred with both stereotactic biopsies and definitive

resections. We have shown that MR imaging has excellent inter-

observer agreement, better than the inter- and intraobserver

agreement reported for pathologic grading of astrocytomas (� �

0.06 – 0.66).6-8 In addition, combining MR imaging studies from

different scanners indicates that these results using standard se-

quences should be achievable in most institutions, rather than

being vendor- or model-specific. Finally, the high correlation be-

tween a relatively inexperienced reader and a more experienced

reader shows that the grading system can be easily used by radi-

ologists of varying experience.

We consider grade IV the most important histologic grade to

determine accurately at diagnosis because the management is

usually more aggressive than for grade III and, in particular, grade

II tumors,15-17 and patients can deteriorate rapidly. Correct iden-

tification of grade IV tumors allows ap-

propriate intensification of treatment to

a multimodality regimen at diagnosis.

Patients with grade IV tumors are also

those who are potential candidates for

the greatest number of clinical trials and

novel therapies. Clinical trial participa-

tion has been shown to be an indepen-

dent predictor of longer survival in gli-

oblastoma18; hence, being ineligible

for a trial due to undergrading has the

potential to adversely affect a patient’s

outcome.

Our results build on work by authors

at least as far back as Dean et al, 9 who, in

FIG 1. Kaplan-Meier survival curve showing survival of patients with
grade II astrocytomas on histology, with and without evidence of
necrosis on MR imaging, compared with patients with grade IV
histology.

FIG 2. Examples of postcontrast T1-weighted sequences of patients with grade III astrocytomas
on histology but MR imaging evidence of necrosis.
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1990, aimed to grade astrocytic tumors on the basis of a variety of

MR imaging features. Already �2 decades ago, they postulated

that “MR imaging may serve as an adjunct in case management

when the clinical course and MR findings appear to be at odds

with the neuropathologic diagnosis.”9 Our results are similar to a

much more recent study of 151 patients by Pope et al,19 in which

patients with grade III histology but MR imaging evidence of ne-

crosis (8 of 43 grade III tumors, 19%) had survival similar to that

in patients with grade IV tumors, and 105 of 110 histologically

proved grade IV tumors had MR imaging evidence of necrosis. In

our study, the number of patients with grade III histology but MR

imaging evidence of necrosis was greater (16 of 28, 57%). We have

also shown a similar difference in survival for patients with histo-

logic grade II tumors and evidence of necrosis on MR imaging (5

of 25, 20%), which was not examined by Pope et al.

Previous articles have shown overall moderate correlation be-

tween an MR imaging grade by using conventional sequences and

the histopathologic grade,9-14,20 which improves when adding ad-

vanced imaging sequences such as perfusion (in particular relative

cerebral blood volume) or spectroscopy.10,11,13,14,21-24 The results

for DWI have been conflicting,13,21 as they have for the presence

of magnetic susceptibility suggestive of hemorrhage.25,26 A prac-

tical difficulty with the advanced sequences is that they are gener-

ally continuous variables, with at least some overlap between tu-

mors of different grades. It is likely that the degree of overlap

between tumor grades would substantially increase once those

tumors with MR imaging evidence of necrosis are excluded; this

change would decrease the specificity and thus the utility of these

sequences. A further difficulty with many of the studies of MR

imaging grading of astrocytic tumors is that grade III and IV tu-

mors have been considered together as “high-grade glio-

mas.”11,13,14,21-23,25,27,28 In general, distinction between grade III

and IV tumors was inaccurate11,27 or was not assessed, yet this

distinction can be very important for determining both manage-

ment options and clinical trial inclusion. Not unexpectedly, our

simple grading system was less helpful in differentiating grade II

and III tumors on the basis of the presence or absence of enhance-

ment, and this is likely to be a setting in which the advanced

sequences will have particular value.

We acknowledge that management may have varied substan-

tially among patients. Age and performance status are both im-

portant factors in the decision-making process, and we think that

correcting for these variables addresses this variation in manage-

ment between patients, especially given that ours is a single-insti-

tution study in the post-Stupp era.17 During the study period, our

postsurgery standard therapy for patients with grade IV tumors

was combination temozolomide and radiation therapy followed

by adjuvant temozolomide; patients with grade III tumors were

initially treated with surgery and postoperative radiation therapy,

followed by the introduction of temozolomide when there was

evidence of recurrence, while patients with grade II tumors were

generally managed with surgery alone, followed by active surveil-

lance until evidence of dedifferentiation was seen. Molecular and

genetic markers such as IDH1 mutation status, proliferative in-

dex, and O6-methylguanine DNA methyltransferase methylation

were not typically obtained during the study period and were not

used to guide treatment. A further potential criticism of this study

is that advanced imaging sequences were underused in determin-

ing the MR imaging grade. Although advanced sequences can be

beneficial in grading, our aim was to develop a fairly direct MR

imaging correlate for the WHO classifi-

cation, which was simple and reproduc-

ible by all institutions. Additionally,

given that we have shown that the pres-
ence of necrosis on MR imaging (as a
surrogate for necrosis on histopathol-
ogy) is sufficient to identify most grade
IV tumors, including those suspected of
being undergraded due to sampling er-
ror, it is not clear from the literature how
useful the advanced sequences are for as-
sessing tumors that do not have evi-
dence of necrosis on the postcontrast
T1-weighted sequence.

Our patient group consisted of those
with a higher proportion of grade IV tu-
mors than some other studies. This may
partly relate to our exclusion of patients
with protoplasmic and gemistocytic

FIG 3. Kaplan-Meier survival curve showing survival of patients with
grade III astrocytomas on histology, with and without evidence of
necrosis on MR imaging, compared with patients with grade IV
histology.

FIG 4. Suggested management algorithm for a combined histologic/MR imaging grading system.
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variants and those suspected on MR imaging of having gliomato-

sis cerebri. It is not clear whether these patients were included in

other studies. We considered it important to exclude these histo-

logic variants from our study because they have imaging appear-

ances that vary significantly from the more common diffuse fibril-

lary variety (contrast enhancement and cystic change being far

more common), and in the case of gemistocytic astrocytomas, the

prognosis is worse.1,29,30 The patients suspected of having gliom-

atosis cerebri were also excluded for this same reason of having a

worse prognosis because including them could have unfairly bi-

ased against histology. Nevertheless, due to the size of our study,

the absolute number of grade II and III tumors was large com-

pared with that in the existing literature.

The management of astrocytomas has progressed beyond just

histologic assessment, with molecular and genetic markers being

able to provide information on prognosis and expected treatment

outcomes.31 The interpretation and implications of the genetic

analysis are affected by the histologic grade, however; hence, it

remains important to optimize the accuracy of grading. Accurate

grading becomes even more important when these markers are

not available (for example, due to cost). In either case, using MR

imaging to improve the accuracy of grading can help optimize

management and prognostication with little or no added cost be-

cause an MR imaging has generally already been performed.

The algorithm we suggest for incorporating an MR imaging

grade into the overall management (Fig 4) hinges on all patients

with grade II and grade III astrocytoma having their preoperative

MR imaging reviewed for grading, with the radiologist aware of

the histology but potentially blinded to the histologic grade. If the

MR imaging does show evidence of necrosis, our results suggest

that the tumor can simply be treated as grade IV, with the appro-

priate multimodality therapy. If histologic confirmation of grade

IV tumor is necessary, we suggest reviewing the histology in the

first instance, specifically looking for evidence of necrosis to verify

the MR imaging appearances. If no necrosis is revealed on review,

repeat surgery could also be considered, though in practice, it

would be a last resort. The results for astrocytomas were not re-

produced for oligoastrocytomas due to the smaller numbers and

less frequent upgrading of tumors based on MR imaging.

CONCLUSIONS
Using MR imaging in tandem with conventional histologic grad-

ing can significantly enhance the accuracy of grading of intracra-

nial astrocytomas, with high interobserver agreement. Detection

of necrosis on MR imaging in a histologic grade II or III astrocy-

toma suggests that the patient has been undergraded by histology.

This result has the potential to optimize patient management, for

example, by encouraging a more aggressive treatment strategy

earlier in the patient’s course.
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