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Abstract
Background—Low-grade gliomas (LGGs) are uncommon in older patients, and long-term
clinical behavior and prognostic factors are not well defined in this group.

Methods—We retrospectively searched our patient database for the records of adult patients
(≥18 years) diagnosed as having nonpilocytic LGG between 1960 and 1992 at Mayo Clinic. The
Kaplan-Meier method was used to estimate progression-free survival and overall survival (OS) in
patients aged 55 years and older.

Results—Of 314 patients initially identified, 32 were aged at least 55 years, with a median
(range) age at diagnosis of 61 (55-74) years. Median follow-up was 17.3 years for survivors.
Operative pathologic diagnoses comprised astrocytoma (n=22, 69%), mixed oligoastrocytoma
(n=7, 22%), and oligodendroglioma (n=3, 9%). Gross total resection was achieved in 1 patient,
radical subtotal resection in 1, and subtotal resection in 14; 16 patients had biopsy only.
Postoperative radiotherapy or chemotherapy was given to 23 patients (72%) and 1 patient (3%),
respectively. Median OS was 2.7 years for all patients—3 years with resection and 2.2 years with
biopsy only (P=.58). The 5- and 10-year OS rates were 31% and 18%, respectively. Factors
adversely affecting OS on univariate analysis were enhancement on computed tomography (P<.
001) and supratentorial location (P=.03).

Conclusions—This retrospective series of older patients suggests that intracranial LGG in this
age group behaves aggressively. Pathologic sampling error failing to recognize higher-grade
tumors does not seem to account for these poor outcomes. Aggressive management with
maximally safe resection followed by adjuvant therapy should be strongly considered.
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Low-grade gliomas (LGGs) are uncommon primary brain tumors classified as gliomas of
grade I and II by the World Health Organization (WHO) grading system (1). LGGs, more
typically diagnosed in younger adults, are known to have widely varying outcomes based on
histologic characteristics and other well-documented prognostic factors (2-26). Age has been
recognized as an important prognostic factor by numerous authors
(3,5,7,13,14,17,18,20,21,27-33). Most authors have specifically used an age of 30, 40, or 45
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years as a cutpoint for analysis (5,13,18,27), describing worse outcomes for older cohorts.
However, few data are available on patients aged 55 years and older. The limited data
suggest that these older patients with LGGs have worse outcomes than younger patients
(3,29). Because prospective trials (2-4,34) have not specifically studied older patients,
controversy exists about management of LGG in this cohort, including the role for and
extent of resection and the optimal timing of radiotherapy (RT), either in the immediate
postoperative period or as a salvage strategy at progression. Therefore, we analyzed a cohort
of consecutive patients aged at least 55 years with nonpilocytic WHO grade II LGG to
assess outcomes and the effects of tumor and treatment characteristics.

Materials and Methods
This study was approved by the Mayo Clinic Institutional Review Board. Our tumor registry
was used to retrospectively search for records of consecutive patients aged 18 years or older
with newly diagnosed, nonpilocytic LGG who were seen at Mayo Clinic, Rochester,
Minnesota, between 1960 and 1992. To be included, patients had to be aged 55 years or
older at diagnosis, and a detailed operative report as well as biopsy confirmation and
pathologic review from Mayo Clinic were required. Tumors located within the optic tract or
lower brainstem were excluded from analysis, as were patients who did not allow their data
to be used for medical research.

Data were retrieved regarding patient presentation, extent of resection, histologic type,
adjuvant therapy, and other prognostic factors, as well as type of recurrence, progression-
free survival (PFS), and overall survival (OS). Recurrence data including imaging, clinical
signs and symptoms, pathologic information, or initiation of any additional intervention such
as surgery, RT, or chemotherapy were used to determine progression.

The extent of resection—gross total resection (GTR), subtotal resection (STR), or radical
subtotal resection (rSTR)—was determined by assessment of the operative report, the
neurosurgeon’s impression, and imaging, as available. Resection was deemed rSTR 1) if the
operative report specifically described “radical subtotal resection,” 2) if GTR was clearly the
operative intent but minimal tumor was known to be left in situ, or 3) if imaging reports
indicated minimal, questionable amounts of residual tumor after GTR. Tumors were
classified by histologic type and grade per WHO criteria and the Kernohan grading system
(23,35,36).

Statistical Analysis
Twelve possible prognostic factors were analyzed for potential association with OS and PFS
outcomes by univariate analysis. These variables (age, sex, midline/bilateral involvement,
size, histology, extent of resection, RT, chemotherapy, sensorimotor symptoms at
presentation, location, Kernohan grade, and enhancement on computed tomography [CT])
were chosen because of their documented prognostic value (2-26).

PFS and OS curves were calculated using the Kaplan-Meier method (37), and PFS and OS
were compared between groups with the log-rank test (38). For patients who died without
documented recurrence or with unknown disease status, death was considered as censored
for recurrence at time of death. All tests were 2-tailed. P<.05 was considered statistically
significant.
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Results
Patient, Tumor, and Treatment Characteristics

The tumor registry search identified 314 consecutive adult patients with LGG during the
study period. Of these, 32 were aged 55 years and older and comprise the study group.
These patients were included in a previous analysis of the entire group of 314 patients (39).
Patient, tumor, and treatment factors are shown in Table 1. Tumor characteristics were
determined from operative and radiographic reports (CT, magnetic resonance imaging
[MRI], or angiography) and electroencephalograms. Because the beginning of the study
interval (1960) predated the modern neuroimaging era (1975) and the end of the study
period (1992) predated routine use of MRI, CT data were available for only 18 patients
(56%), and MRI data were available for only 5 patients (16%). Enhancement on imaging
was seen for 8 patients (44%) with CT and 1 patient (20%) with MRI. The vast majority of
patients (30/32; 94%) had supratentorial tumors.

Surgery and Pathology
Extent of resection was GTR in 1 patient (3%), rSTR in 1 (3%), STR in 14 (44%), and
biopsy only in 16 (50%). Histologic subtype was pure astrocytoma in 22 tumors (69%),
mixed oligoastrocytoma in 7 (22%), and oligodendroglioma in 3 (9%). Operative pathologic
analysis showed 29 (91%) of the 32 WHO grade II tumors to be Kernohan grade 2. Because
pilocytic tumors were intentionally excluded from analysis, most Kernohan grade 2 tumors
were pure astrocytoma (19/29 [66%]).

Postoperative RT and Chemotherapy
After surgery, 8 patients (25%) were observed and received no adjuvant RT or
chemotherapy postoperatively. Postoperative RT was given to 23 patients (72%), and
chemotherapy was given to 1 patient (3%). No patient received a combination of RT and
chemotherapy.

Of the 23 patients who received postoperative RT, details regarding dose and field were
available for review in 19 cases (83%). The median total radiation dose, calculated at
midplane for opposed treatments or at isocenter for nonopposed treatments, was 54 Gy
(range, 40-70.2 Gy) in a median of 30 fractions over a median 42 days. The 2 most common
total doses delivered were 50 or 50.4 Gy (6 patients [32%]) and 60 Gy (4 patients [21%]).
Whole-brain RT was administered to 3 patients (16%), whole-brain RT plus partial-brain
boost to 2 patients (11%), and a partial-brain–only field to 14 patients (73%).

Survival Outcomes
The median OS was 2.7 years with a range of 1.2 months to 17.6 years; 28 deaths were
documented. The 5-year OS was 31%, and the 10-year OS was 18% (Figure 1). Nineteen
patients (59%) died from or with disease, 6 (19%) died from unknown cause and/or with
undocumented disease status, and 3 (9%) died without known evidence of disease. Of the 4
patients who were alive at last follow-up, 2 (6%) were alive without evidence of disease, 1
(3%) was alive with disease, and 1 (3%) was alive with disease status unknown.

The only adverse prognostic factors for OS identified on univariate analysis were
enhancement on CT (P<.001) and supratentorial location of tumor (P=.03) (Table 2).
Patients with Kernohan grade 2 disease and astrocytoma histologic type had decreased
median OS, but the associations were not statistically significant (P=.08 and P=.15,
respectively). Neither postoperative RT nor chemotherapy affected OS (P=.25 and P=.17,
respectively). Analysis of OS by extent of resection (biopsy only vs GTR/rSTR/STR)
showed the 5-year survivals to be 31% and 31% and the 10-year survivals to be 17% and
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19%, respectively (P=.58; Figure 2). When the enhancement data were analyzed to include
either CT or MRI, any enhancement by either modality remained statistically significant
(P<.001). However, because MRI information was only available for 5 patients, and 4 of
these 5 patients also had CT information, this result was not unexpected. Furthermore,
because MRI was infrequently available, further statistical analysis regarding MRI was not
performed.

Because disease status at death was unknown or undocumented for 6 patients, cause-specific
survival was analyzed using 2 scenarios by which these patients were assumed to have 1)
died of disease or 2) died of other causes. Median cause-specific survival for these 2
scenarios was 2.7 years and 4.1 years, respectively.

Outcomes by Histology
Median survival for patients with tumors of pure astrocytoma histology was 2.1 years and
was 8.8 years for patients with oligodendrogliomas and mixed oligoastrocytomas. Survival
at 2, 5, and 10 years was 50%, 23%, and 14% for astrocytoma histology and 80%, 50%, and
27% for other histology (P=.15; Figure 3). OS and tumor histology were analyzed using the
Cox proportional hazards model to control for age (40). After accounting for age, pure
astrocytoma histology still was associated with worse OS, but this difference failed to reach
statistical significance (hazard ratio, 2.0; P=.13).

Recurrence and Progression Outcomes
The median length of follow-up was 17.3 years for surviving patients. Recurrences were
documented in 11 patients with a median time to progression of 4.1 years and a median PFS
of 2.1 years. The 2-, 5-, and 10-year PFS rates were 50%, 22%, and 12%, respectively
(Figure 1). The only factor found to be associated with decreased PFS was enhancement on
CT (P<.001; Table 2). No other stastically significant adverse prognostic factors for PFS
were identified on univariate analysis.

Analysis by extent of resection (biopsy alone vs GTR/rSTR/STR) showed no differences in
PFS. The 5-year PFS was 25% for those who underwent biopsy alone versus 19% for those
with GTR/rSTR/STR (P=.93). Postoperative RT also did not affect PFS. However, by χ2

analysis, use of RT was statistically associated with factors traditionally regarded to be
prognostically adverse (2-26). Specifically, RT was preferentially delivered to patients with
higher Kernohan grade tumors (grade 2 vs grade 1) (P=.004), supratentorial tumor location
(P=.02), and biopsy only (P=.04).

Findings at Recurrence
Presumed recurrences were documented in 11 patients. Among these, symptoms were
documented at recurrence in 10 patients (91%). Eight patients (73%) had documented
radiographic disease recurrence. Four underwent at least a biopsy with confirmation of
recurrence. In 2 of these patients, the tumor was found to have progressed to a higher grade
than was recorded at diagnosis.

Discussion
To our knowledge, this is the largest report on outcomes of older patients with LGG. Only 2
other reports have targeted this rare entity. An abstract recently reported on 16 patients aged
55 years and older with supratentorial WHO grade II gliomas (29). Nine patients underwent
at least a partial resection and 7 patients underwent biopsy alone. Ten of 16 patients (63%)
received adjuvant therapy consisting of RT, chemotherapy, or both. They reported a median
PFS of 1.5 years. Similar to our findings, neither extent of resection nor use of adjuvant
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therapy was associated with OS. The authors concluded that LGG in patients 55 years of age
or older behaves like a more malignant process and suggested aggressive management.
Another recent report by Pouratian et al (33), described outcomes for 20 patients aged 60
years or older; after a median follow-up of 27.3 months, median survival was 2.3 years. Our
findings of a median OS of 2.7 years and median PFS of 2.1 years also support the idea that
LGG follows a more malignant course in older patients; this prognosis is similar for
anaplastic types of primary brain tumors (Table 3).

Although the differences in OS for different histologic types did not reach statistical
significance, astrocytoma was associated with decreased median OS, similar to previous
descriptions (2-4,13,18,22,34,39). Median OS for pure astrocytoma was 2.1 years but was
8.8 years for oligodendrogliomas and mixed oligoastrocytomas; 10-year OS was 14% and
27%, respectively (P=.15; Figure 3). An explanation for the poor outcome in older patients
may lie in the lower percentage of patients with oligodendrogliomas, a histologic type
known to carry a better prognosis (3,4,13,22,34,39). Specifically, in randomized trials from
the European Organisation for Research and Treatment of Cancer (EORTC) with a younger
cohort, a much higher percentage of patients had oligodendroglioma tumors than in the
present cohort (21%-25% vs 9%) (2,34). It is possible that this shift in histology alone may
account for the poor outcomes seen with older patients. This explanation is in part supported
by our data showing poorer outcomes for pure astrocytomas, even though it did not reach
statistical significance (P=.15).

Surgery allows for tissue diagnosis as well as potential therapeutic benefit. However, no
prospective trials to date have specifically compared up-front surgery with a conservative
approach of delayed surgery. Therefore, when considering both retrospective and
prospective data based largely on younger patients, many neurosurgeons favor maximally
safe resection (2,3,6,8,12,18,24,26,27,55-57). Although not randomized, 3 prospective
reports correlated aggressive surgery (GTR or near GTR) with improved prognosis (2,3,58).
However, none of these studies specifically reported outcome for older patients as it relates
to extent of resection.

Contrary to data based largely on younger cohorts, the current study of patients aged 55
years and older did not indicate improved outcomes for patients who underwent more
aggressive resections—median OS was 3 years for patients undergoing GTR/rSTR/STR and
2.2 years for those who had biopsy only (P=.57). However, other data from our institution
suggest that GTR and rSTR correlate with improved OS and PFS (39), and only 2 patients in
the present analysis underwent such aggressive resection, precluding meaningful statistical
analysis. This finding argues against the idea that the poor OS outcomes in these patients
could be explained by pathologic sampling error.

For younger patients, retrospective data are inconsistent relative to the effects of RT in the
postoperative setting. Because of perceived potential toxicities and the indolent nature of the
disease in younger patients (56,59), some advocate delaying RT until progression,
appearance of symptoms, or evidence of high-grade transformation (10,13,32,56,58-70).
Specifically, the EORTC (EORTC 22845) evaluated the timing of RT, randomly assigning
patients to immediate RT (54 Gy) or observation. Postoperative RT significantly prolonged
PFS (median, 5.3 vs 3.4 years) without affecting OS (median, 7.4 vs 7.2 years) (4,34). Even
though the EORTC allowed enrollment of older patients (up to 65 years of age; 20% >50
years old), they did not specifically report outcomes for older patients. Furthermore, the
study by Pouratian et al (33), on multivariate analysis, showed improved outcomes for older
patients receiving postoperative RT. Contrary to the EORTC data and the Pouratian et al
(33) study, the current report did not show an association of the use of postoperative RT
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with PFS or OS outcomes. It is possible that the small sample size of our study precluded
the ability to detect differences in outcomes based on prognostic and treatment factors.

Only 1 patient (3%) received chemotherapy at the time of diagnosis. In younger patients, no
strong evidence exists for routine use of postoperative chemotherapy, especially in light of 2
phase 3 trials that did not show significant improvement in either OS or PFS (58,71).
Temozolomide has been used in some small trials to delay RT in younger patients with
newly diagnosed LGG (72,73). Ongoing trials by the EORTC, the Eastern Cooperative
Oncology Group, and the Radiation Therapy Oncology Group will evaluate temozolomide’s
role for patients at high risk for early progression. Although these trials do not specifically
target older patients, they are intended to analyze temozolomide’s effects for patients
deemed high risk. Therefore, the results of these trials may prove useful in making treatment
decisions regarding older patients with LGGs. Furthermore, patients aged 40 years or older
(18) or those undergoing less than GTR are considered to be at high risk for recurrence and
subsequent death and are thus offered immediate RT in the Radiation Therapy Oncology
Group 9802 trial (18,28). Therefore, our institution currently favors early use of RT for
patients who have undergone STR or biopsy alone or who are 40 years or older.

As a retrospective report, this review has some limitations. In order to assess long-term
survivorship, the analysis ended in 1992; this allowed for a long follow-up (median, 17.3
years) but predated the routine use of CT and MRI. In contrast, the more modern study of
Pouratian et al (33) included CT and MRI but had a much shorter follow-up (median, 2.3
years). Our study design precluded collection of certain data such as radiographic
assessment of extent of resection, status of disease at death in some patients, and molecular
marker prognostics. The specific rationale for postsurgical therapies also could not be
determined retrospectively. Furthermore, only 1 of our 32 study patients underwent GTR,
which could lead to sampling error. However, 14 patients underwent STR, and the outcomes
for those patients were no different than those for the 16 patients who underwent biopsy
only; this finding argues against a significant role for sampling error. Finally, after
treatment, patients were not followed up prospectively; therefore, only limited data
regarding salvage therapy and neurocognitive toxicities were available.

Because of the acknowledged limitations of our dataset, we did not have the data needed to
validate the EORTC prognostic factors for this population (18). Thus, we cannot know from
this dataset whether these factors alone would predict outcome in these patients or if “older”
age is also significant. Based on the EORTC data of Pignatti et al (18), patients with 2 risk
factors (such as age and astrocytoma histology) would have had a median survival of 5.5
years. Some of our patients with astrocytoma likely would have fit into that category.
Median survival in our group of patients with astrocytoma was only 2.1 years. We cannot
ascertain whether survival was lower in our cohort because of other risk factors (size, tumor
crossing midline, neurologic deficit) or because of some undetermined factor associated
with the older age of this population.

In summary, analysis of a series of older patients with nonpilocytic WHO grade II LGG
with long-term follow-up indicates that, for most patients, LGGs in this age group behave
aggressively and prognosis is quite poor. We were not able to identify a subset of patients
who had significantly better outcomes. Pathologic sampling error failing to recognize
higher-grade tumors does not seem to account for these poor outcomes. Because of the
aggressive nature of LGGs in older patients, aggressive management with maximally safe
resection followed by the early use of adjuvant therapy should be strongly considered.
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CT computed tomography
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PFS progression-free survival

rSTR radical subtotal resection

RT radiotherapy
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Figure 1.
Kaplan-Meier curves showing estimated overall survival (OS) and progression-free survival
(PFS) for all 32 patients.
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Figure 2.
Kaplan-Meier curves showing estimated overall survival by extent of resection: biopsy only
(n=16) versus gross total resection, radical subtotal resection, and subtotal resection (GTR/
rSTR/STR) (n=16) (P=.58).
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Figure 3.
Kaplan-Meier curves showing estimated overall survival by tumor histology: astrocytoma
(n=22) versus other type (n=10) (P=.15).
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Table 1

Patient, Tumor, and Treatment Characteristics (N=32)

Characteristic Valuea

Age, y 61 (55-74)

Sex

 Male 19 (59)

 Female 13 (41)

Extent of resection

 Gross total 1 (3)

 Radical subtotal 1 (3)

 Subtotal 14 (44)

 Biopsy only 16 (50)

Histology

 Astrocytoma 22 (69)

 Mixed oligoastrocytoma 7 (22)

 Oligodendroglioma 3 (9)

Kernohan gradeb

 1 3 (9)

 2 29 (91)

Location

 Supratentorial 30 (94)

 Infratentorial 2 (6)

Size, cm

 ≥5 10 (31)

 <5 12 (38)

 Unknown 10 (31)

Postoperative radiotherapy

 Yes 23 (72)

 No 9 (28)

Postoperative chemotherapy

 Yes 1 (3)

 No 31 (97)

a
Values are median (range) or number (percentage).

b
By definition all patients had World Health Organization grade II tumors.
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Table 2

Univariate Analysis of Overall and Progression-Free Survival (N=32)

Overall Survival Progression-Free Survival

Risk Factor Median, y P Median, y P

Sex .94 .52

 Male 2.1 2.1

 Female 2.7 1.7

Age, y .69 .50

 ≤61 2.7 1.7

 >61 2.1 2.1

Sensorimotor symptoms at
presentation .59 .35

 No 4.1 3.0

 Yes 1.9 1.3

Tumor size, cm .82 .52

 <5 2.7 1.5

 ≥5 4.1 3.1

Extent of resection .57 .93

 GTR/rSTR/STR 3.0 3.0

 Biopsy only 2.2 1.5

Histology .15 .17

 Astrocytoma 2.1 2.1

 Other 8.8 3.1

Kernohan grade .08 .82

 1 Not met 3.1

 2 2.7 1.7

Location .03 .54

 Infratentorial Not met 9.1

 Supratentorial 2.7 1.7

Midline/bilateral involvement .22 .91

 Yes 4.1 1.7

 No 2.7 3.1

CT enhancement <.001 <.001

 Yes 0.9 0.9

 No 9.3 3.0

Postoperative radiotherapy .25 .99

 Yes 2.2 1.7

 No 4.1 3.0

Postoperative chemotherapy .17 .17

 Yes 0.9 0.9

 No 2.7 2.1

Abbreviations: CT, computed tomography; GTR, gross total resection; rSTR, radical subtotal resection; STR, subtotal resection.
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Table 3

Overall Survival and Progression-Free Survival Results for Intracranial Gliomas

Histology (WHO Grade) [References] Median OS, y Median PFS, y

Glioblastoma multiforme (IV) [34,41-47] ≤1.2 ≤0.5

Anaplastic astrocytoma (III) [43,45,46,48-50] 2-3 ≤1

Anaplastic oligoastrocytoma (III) [43,45,46,48-52] 2-5 ≤1-2

Anaplastic oligodendroglioma (III) [43,45,46,48-54] 2-10 ≤1-2.5

Low-grade astrocytoma (II) [2-4,13,18,22,34,39] 5 3

Low-grade oligoastrocytoma (II) [3,4,13,22,34,39] 7 3-5

Low-grade oligodendroglioma (II) [3,4,13,22,34,39] 10 3-7

Low-grade glioma, age ≥55 y (II) [29] NR 1.5

 Astrocytoma 2.1 2.1

 Oligoastrocytoma 4.1 3.1

 Oligodendroglioma 9.3 1.7

Low-grade glioma, age ≥55 y (II) N=32 [present study] 2.7 2.1

Abbreviations: NR, not reported; OS, overall survival; PFS, progression-free survival; WHO, World Health Organization.
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