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Factors affecting the survival rate in patients with meningiomas were explored using the National Cancer
Database (NCDB), which includes tumors from approximately 1000 hospitals participating in the
American College of Surgeons tumor registry program. Analysis included over 9000 cases diagnosed
from 1985 to 1988 and 1990 to 1992. Survival estimates were computed and prognostic factors were
identified using a proportional hazards model. The overall 5-year survival rate was 69% and it declined
with age. This rate was 81% in patients aged 21 to 64 and 56% for patients 65 years of age or older.
When patients were grouped by the histological type of their tumors, those with benign tumors had an
overall 5-year survival rate of 70%, whereas the overall 5-year survival rates in patients with atypical and
malignant meningiomas were 75% and 55%, respectively. Prognostic factors for benign tumors included
age at diagnosis, tumor size, whether treated surgically, hospital type, and radiation therapy; for
malignant tumors, age at diagnosis, whether treated surgically, and radiation therapy were statistically
significant. The 5-year rate for recurrence of symptoms (regardless of the method of treatment) was
18.2% for those with benign tumors and 27.5% for those with malignant tumors. In patients whose
benign tumor had been completely removed, the 5-year rate of tumor recurrence was 20.5%. Although
not population-based, the NCDB has the potential for providing pertinent information regarding patient
characteristics and methods of treatment for benign, as well as malignant, brain tumors.
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A recent population-based study in Australia reported a 5-year survival rate for patients harboring
meningioma which was lower in men than in women.[14] In a previous analysis based on data from the
National Cancer Database (NCDB) of the American College of Surgeons and the American Cancer
Society, a gender difference in survival rates was also noted for meningioma, but it was not apparent for
other types of brain tumors.[19] These results were surprising, because a carefully documented clinical
series has not identified gender as an independent prognostic factor with respect to this tumor.[6] It has
been suggested that these gender differences may reflect a larger proportion of malignant disease in men
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than in women (Susan Preston-Martin, personal communication, 1996). Conversely, other prognostic
factors, more closely related to treatment or pathogenesis of the disease, may explain the lack of gender
differences in clinical series in the survival of patients with meningiomas.
The current study uses a very large hospital-based, voluntary sample of patients with both benign and
malignant brain tumors, with the first two calls for data representing approximately 39% of all brain
tumors in the United States.[11] Although this database is not population based, it is one of the few in the
United States that collects information on benign tumors. Registries such as Surveillance, Epidemiology,
and End Results, although population based, only collect information on malignant tumors and cannot
adequately assess survival in patients with meningiomas, which are primarily benign. The objective of
this study was to evaluate differences in prognostic factors impacting the survival rates of patients with
meningiomas, from whom data were stored in the NCDB. Separate models for benign and malignant
tumors were used. Factors influencing time to recurrence of symptoms and functional capability were
also explored.
CLINICAL MATERIAL AND METHODS
Patient Selection
Data on individuals with brain and central nervous system tumors were obtained from the NCDB, a
nonrandom voluntary sample of cancer cases in the United States compiled by the Commission on
Cancer of the American College of Surgeons and the American Cancer Society.[10,11] Information on
patients with primary and malignant brain tumors from approximately 1000 of the 2200 hospitals
accredited by the Commission on Cancer for the years 1985 to 1988 and 1990 to 1992 was obtained
voluntarily for the NCDB. Data for the year 1989 were not collected.
Study Methodology
Cancer cases were registered by specially trained registrars who recorded information on demographic
characteristics such as gender, race, and age at diagnosis, and clinical prognostic factors such as extent of
surgery, type of radiation treatment, and tumor size and location. This information was collected in
standardized computer-readable form from each of the institutions submitting data.[10] Each month a
10% sample of the abstracted patient data for each institution was reviewed by a member of the hospital
cancer committee. A quality control assessment of the NCDB has been published previously.[18]
The duplicate records of patients seen at multiple institutions or with multiple surgical procedures were
excluded from the data set. Those records that contained invalid codes for gender, date of diagnosis, vital
status, date of last contact, or date of birth were also excluded from the analyses. International
Classification of Diseases for Oncology (ICDO) codes 9530 to 9537 were used to select 9827 cases of
meningioma from the larger data set.[20] Thirteen papillary meningiomas (ICDO 9538/1) and three
meningeal sarcomatoses (ICDO 9539/3) were excluded from the data set. There was no case of an
asymptomatic meningioma diagnosed at autopsy in the current study. Of these cases, 96.4% of benign
and 97.2% of malignant meningiomas were treated at the reporting hospital.
Tumor Classification
Because of differences in predicted mortality rates, meningiomas were divided into three broad
histological groupings. Benign meningiomas (8891) were defined by ICDO codes 9530/0 (meningioma,
NOS); code 9530/1 (meningiomatosis, NOS/diffuse/multiple); code 9531
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(meningotheliomatous/endotheliomatous/syncytial); code 9532 (fibrous/fibroblastic); code 9533
(psammomatous); code 9534 (angiomatous); and code 9537 (transitional/mixed). Atypical meningiomas
(165) were defined by ICDO codes of 9535 (hemangioblastic/angioblastic) or 9536 (hemangiopericytic).
Malignant meningiomas (771) were defined as having an ICDO code of 9530/3.
Demographic Variables
Demographic data for all patients in this data set were complete for gender, age at diagnosis, vital status,
and location of the tumor. Less than 10% of records for variables such as race, surgery, radiation
treatment, and hospital type, had missing or unknown information. Approximately 17% of records had
missing or unknown information for number of new cancer cases seen per year. Data on tumor size were
missing for 57% of cases. However, we were unable to ascertain whether these variables were truly
missing or simply not reported by some of the hospitals.
Five groupings were selected to classify age at diagnosis: 0 to 44 years, 45 to 64 years, 65 to 74 years, 75
to 84 years, and 85 years and older. Because of limited numbers of cases receiving radiation treatment,
this variable was defined as "yes" (those patient receiving any form of radiation therapy) or "no" (those
patients who did not receive radiation treatment). Tumor size was grouped into small (<25 mm at the
largest dimension), medium (25-49 mm), and large (50-100 mm). Tumors recorded as being larger than
100 mm could not be verified and were not included in the analyses. The number of cancer cases seen in
the hospital was grouped into less than 500 new cases per year, 500 to 799 new cases per year, and 800
or more new cases per year. Hospital type was divided into academic (National Cancer Institute
Comprehensive Cancer Programs and Teaching Hospital Cancer Programs) and community (Community
Hospital Comprehensive Cancer Programs and Community Hospital Cancer Programs).
Statistical Analysis
The data were converted from an ASCII file to a Statistical Analysis System (SAS) data set and SAS,
Version 6.03 was used to provide frequencies, means, and survival estimates.[17] Chi-square estimates
were calculated using EpiInfo, Version 6.03.[2] Benign, atypical, and malignant meningiomas were
analyzed separately. Because of the small number of "events" in the atypical grouping (<10 in many
instances), only primary analyses were performed. The Kaplan-Meier product-limit method[7] was used
to determine survival rates for univariate models and comparisons were made using the log-rank test.[17]
Observed survival rates were estimated and were not adjusted for deaths due to other causes. Study
endpoints for survival models were death or date of last known contact. Information on recurrence was
not complete for the years 1985 to 1986, and cases diagnosed during these years were excluded from
these analyses. Recurrence that was recorded less than 12 months after diagnosis was excluded from
analysis to minimize the potential for misclassification. The rate for recurrence of symptoms was defined
as the time from tumor diagnosis to recurrence of clinical symptoms, regardless of the method of
treatment. The rate for recurrence of the tumor was defined as the time from tumor diagnosis to
recurrence of clinical symptoms after complete tumor removal. Endpoints for recurrence models were
date of recurrence or date of last known contact. Individual factors that were statistically significant (p <
0.05) were then entered simultaneously into a proportional hazards model, and significant predictors of
survival and recurrence rates were selected using the stepwise approach.[17]
Functional capacity analyses were performed using logistic regression.[17] Individuals who were
deceased were eliminated from the analyses. Endpoints for functional capacity analyses were: good,
normal or symptomatic, but not requiring assistance; or poor, ambulatory greater than 50% or less than
Unauthenticated | Downloaded 04/21/21 08:18 AM UTC

50% of the time or bedridden, at the time of last known contact.
Preliminary univariate analyses allowed some values of certain variables to be collapsed. Mortality
curves for Caucasian Hispanics were not significantly different from those for Caucasians. Similarly, the
mortality curves for African American Hispanics were not significantly different from those for African
Americans. Therefore, Caucasian Hispanics were grouped with Caucasians and African American
Hispanics were grouped with African Americans. Patients with tumors of the calvaria and those with
overlapping tumors were found to have similar survival rates, and these two groups were combined for
further analyses. Any type of surgery was classified as "yes:" 5740 patients with partial, 1077 with total,
and 1047 patients with radical resection. Under "no" were classified 1507 patients who did not undergo
surgery, and 171 patients who had exploratory surgery or biopsy only. Unless otherwise noted, analyses
for the current study were performed using these collapsed variables.
RESULTS
Demographic Characteristics
The median length of follow-up study was 10 months (range 0-93 months) for benign meningiomas, 12
months (range 0-79 months) for atypical meningiomas, and 12 months (range 0-90 months) for
malignant meningiomas. Fifty-four percent of patients with benign meningioma were followed for less
than 1 year; 44% of these were followed for less than 1 month, and 6.7% died within 1 month of
diagnosis. Forty-eight percent of patients with atypical meningiomas were followed for less than 1 year;
44.3% of these were followed for less than 1 month, and 5.1% were dead within 1 month postdiagnosis.
Forty-seven percent of patients with malignant meningioma were followed for less than 1 year; 17.2% of
these were followed for less than 1 month and 7.1% died within the 1st month of diagnosis. In contrast,
11.2% of benign and 10.9% of atypical compared with 14.1% of malignant meningioma patients were
followed for at least 5 years.
The average age (61.3 years) at diagnosis for those with benign meningiomas was significantly older
than the average age at diagnosis for those with atypical (55.4 years, p < 0.001) or malignant (59.7 years,
p < 0.001) meningiomas; however, these differences are not likely to be clinically significant. A greater
percentage of younger patients were observed to have malignant compared with benign meningiomas,
although this difference was not significant (Table 1). A higher frequency of males had atypical or
malignant meningiomas than benign meningiomas (p < 0.0001 for both, Table 1). However, more
females than males developed all three histological types. No racial differences were noted between
patients in the three groupings of meningiomas.
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Noticeable differences in clinical factors between those patients with benign, atypical, and malignant
meningiomas were observed (Table 1). Twenty-nine percent of patients with malignant meningiomas
died compared with only 15% of those with benign and 12% of those with atypical meningiomas (p <
0.0001 for both). Patients with malignant meningiomas were more likely to have undergone surgery (p =
0.04), to have received radiation therapy (p < 0.0001), to harbor larger tumors (p < 0.0001), and to have
overlapping tumors (p < 0.0001) compared to those with benign meningiomas. In addition, patients with
malignant meningiomas were seen less often at Community Hospital and Community Hospital
Comprehensive Cancer Programs than those with benign tumors (p < 0.0001). Patients with atypical
meningiomas were also more likely to have undergone surgery (p = 0.0004) and radiation therapy (p <
0.0001) than those with benign tumors, although tumor size and location did not differ.
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Survival Rates
The overall 2- and 5-year survival estimates for patients with meningioma, regardless of the tumor
behavior, were 81% and 69%, respectively. However, survival estimates were significantly different
when stratified by histological type. Two-year survival estimates were 82% for those with benign
meningiomas, 89% for those with atypical meningiomas, and 72% for those with malignant
meningiomas. Those patients with benign meningiomas had a 5-year survival estimate of 70%, compared
with 5-year survival rates of 75% in those with atypical meningioma and 55% in those with malignant
meningioma.
Age at diagnosis was a significant predictor of survival for patients with benign, atypical, and malignant
meningiomas (Table 2). For all three groupings, increased survival was inversely related to age at
diagnosis, with the youngest patients having the best survival rates. In patients with benign meningiomas,
female gender, Caucasian race, surgery classified as yes, small tumor size, radiation treatment classified
as no, location of the tumor in the skull base, and community hospitals were factors independently
associated with increased survival rates (Table 2). In addition to age at diagnosis, increased survival rates
for those patients with malignant meningiomas were predicted separately by female gender, surgery
classified as yes, radiation treatment classified as no, and more than 800 new cancer cases seen per year
by the treating hospital (Table 2). No additional variables were significant predictors of survival in those
patients with atypical meningiomas.
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A crossover effect was noted for radiation therapy in both benign and malignant meningiomas, such that
those patients who had received radiation treatment appeared to have better survival rates in the first 12
months after diagnosis than those who did not. However, for those patients who survived the first 12
months after diagnosis, those who had received radiation treatment had subsequent decreased survival
compared with those who had not received radiation treatment. To separate this contrasting effect,
radiation was separated into two time-dependent variables for the multivariate analyses.
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All variables significant at the univariate level were entered into a multivariate model to determine
significant prognostic factors. Factors that remained significant in predicting survival for patients with
benign meningiomas included age at diagnosis, surgery, tumor size, type of hospital, and radiation
treatment in those who had survived at least 12 months (Table 3). After controlling for other factors,
gender and race were not significant predictors of survival time. Figure 1 presents the estimated survival
curves by age group at diagnosis after adjusting for radiation (yes/no), surgery (yes/no), hospital type,
and tumor size.

Fig. 1. Survival estimates by age group for patients with benign meningioma, adjusted for
radiation (Y/N), surgery (Y/N), hospital type, and tumor size.
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Age at diagnosis, surgery, and no radiation treatment in those patients who had survived at least 12
months remained significant predictors of survival time for those with malignant meningiomas in the
multivariate models (Table 4).

Similar to the results for benign meningiomas, gender was not a predictor of mortality after controlling
for other factors. Estimated survival curves by age group at diagnosis after adjusting for radiation
treatment (yes/no) and surgery (yes/no) are shown in Fig. 2. The survival curves for those patients with
malignant meningiomas fall more rapidly in the early years after diagnosis compared with those
harboring benign meningiomas.

Fig. 2. Survival estimates by age group for patients with malignant meningioma, adjusted
for radiation (Y/N) and surgery (Y/N).
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Evaluation of Surgery and Radiation Therapy
Cases of benign, atypical, and malignant meningioma were separated into four surgery/radiation therapy
combinations: 1) no surgery, no radiation therapy; 2) radiation therapy only; 3) surgery only; and 4) both
surgery and radiation therapy (Table 5). The greatest number of patients underwent surgery as the only
treatment for benign, atypical, and malignant meningiomas. The fewest number of patients received
radiation therapy alone.

For patients with benign and malignant meningiomas, survival rates were not significantly different in
those receiving radiation therapy only compared with those not undergong surgery or receiving radiation
therapy (p > 0.05). For benign meningiomas, the two groups undergoing surgery had significantly better
survival rates than the two groups that did not undergo surgery (p < 0.0001 for both). However, those
receiving radiation therapy in addition to surgery, although initially appearing to do better, had worse
survival rates in the long term than those who underwent surgery but did not receive radiation therapy (p
= 0.09; Fig. 3). For patients with malignant meningiomas, those undergoing surgery but not receiving
radiation therapy did significantly better than all other groups (p < 0.01). No differences in survival rates
for those with atypical meningiomas were noted, primarily because of small numbers in the no surgery
groups.
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Fig. 3. Survival estimates by treatment group for patients with benign meningiomas who
underwent surgery and/or received radiation therapy.
In those patients with benign meningiomas, there were no significant differences in the survival curves
for those who underwent partial resections with or without radiation therapy or those in whom a total
resection was accomplished with or without radiation therapy (Table 5). No significant differences were
noted for those patients with malignant meningiomas who underwent total resections with or without
radiation therapy, although those in whom a partial resection was achieved had significantly worse
survival rates if they also received radiation therapy (p = 0.02). Furthermore, in most instances, patients
who underwent total removal of the tumor had worse 5-year survival rates than those having partial
tumor removal.
Recurrence Rates
Valid information regarding recurrence status was obtained in 595 of the 8891 patients with benign
meningioma, and 52 of those experienced a recurrence of symptoms. Valid recurrence status data were
obtained in 56 patients with malignant meningioma, and nine of these had a recurrence of symptoms. The
average time from tumor diagnosis to recurrence of symptoms was 31.2 months (range 12-139 months)
for benign and 31.7 months (range 12-83 months) for malignant meningiomas. No analyses were
performed on the data obtained in patients with atypical meningiomas because of extremely small sample
size.
In the overall group, regardless of the method of treatment, the 5-year rate for recurrence of symptoms
was 18.2% for those patients with benign tumors and 27.5% for those with malignant tumors. Analyses
revealed that race (p = 0.004), tumor site (overlapping vs. calvaria/skull base; p < 0.0001), and tumor
size (p = 0.02) were significant predictors of recurrence of symptoms for patients with benign
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meningiomas. Multivariate analysis of these statistically significant variables revealed that differences in
race were accounted for by the other variables: tumor size (RR = 2.3, p = 0.02) and site (RR = 9.2, p =
0.008) remained in the multivariate model. There were no statistically significant prognostic factors for
recurrence of symptoms in patients with malignant meningiomas.
For those 176 patients with benign meningiomas in whom total or radical removal of the tumor was
achieved, the 2-year and 5-year symptom recurrence rates were 4.7% and 20.5%, respectively. Factors
independently associated with recurrence were Caucasian race (p = 0.006) and total tumor removal
(compared with radical removal; p = 0.0008). Both variables remained significant upon entering them
into a multivariate model (RR = 3.6, p = 0.02 for race and RR = 5.5, p = 0.003 for extent of resection).
Functional Capacity
Of those patients with benign tumors, valid functional capacity information was obtained in 4189. Three
thousand, eight hundred and twenty-four (91.3%) were categorized as having good functional capacity
(requiring no assistance), whereas 365 (8.7%) required at least some assistance and were regarded as
having poor functional capacity. For those patients with malignant meningiomas, 289 had valid
functional capacity codes, 248 (85.8%) of whom had good functional capacity and 41 (14.2%) of whom
had poor functional capacity.
Logistic regression analysis revealed that increasing age, no surgery, and a smaller number of cancer
cases seen at the reporting hospital were all univariately associated with poor functional capacity in those
patients with benign tumors (p < 0.005 for all). All three variables remained in the multivariate model (p
< 0.001 for all). The only variable predictive of functional capacity for those patients with malignant
meningiomas was the number of cancer cases seen at the reporting hospital, with significantly more
patients treated at hospitals seeing more than 800 new cancer cases per year reporting good functional
capacity (p < 0.007).
DISCUSSION
Clinically based studies usually restrict data collection to those patients who have received a certain type
of treatment (such as surgery). This database, although not population based, consists of information
collected from all newly diagnosed tumor patients in a voluntarily participating hospital regardless of
their method of treatment, and thus, more closely reflects clinical and survival patterns of the population
than hospital-based series. Therefore, prognostic factors related to survival rates can be assessed in the
overall meningioma patient population.
In the current study, average follow-up study was longer for patients with malignant than for benign
meningiomas, because more patients with benign meningioma were followed for less than 1 year.
Reasons for the relative lack of follow up in this benign meningioma population are unknown, but may
be related to a better posttreatment prognosis than for malignant meningiomas. This lack of follow up
may bias the results such that survival and recurrence are underestimated if those individuals who have
been lost to follow-up review are different from those who have been actively followed. In view of this,
participating hospitals should be encouraged to engage in active follow-up evaluation of patients with
meningioma and other brain tumors, particularly those with tumors of a benign nature. As the NCDB
matures and the follow-up interval increases, the pattern of survival over a longer time period will
stabilize and the probability of bias will decrease.
Age is a significant predictor of mortality in patients with benign, atypical, and malignant meningiomas.
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As age at diagnosis increases, dramatic decreases in the survival rate are apparent. These survival rates
are based on observed values and do not take into account the underlying cause of death. Observed
survival rates usually underestimate the true survival rate, especially in elderly patients who more often
die from other causes. However, in many instances, the relative survival rate in patients with malignant
brain tumors is similar to the observed survival rate.[1]
Gender and race, although individual prognostic factors for benign and malignant meningiomas, were
explained by other factors in the final multivariate models. How and where patients are treated may
explain some of the discrepancies found in the survival rates between races and gender. For benign
meningiomas, the type of hospital in which a patient is treated may influence the survival rate. For
patients with malignant meningiomas, however, hospital type and size do not appear in the final
multivariate model.
The survival rate in patients with benign and malignant meningiomas is increased in those who have
undergone surgery compared with those who have not received surgical treatment. Those patients
undergoing surgery as the only method of treatment have the best 5-year survival rates. Conversely,
those receiving radiation therapy as the only mode of treatment have the worst survival rates. The
survival rate is also worse in those with total compared with partial surgical removal of the tumor. It is
likely that patients who underwent the more radical surgical procedures and received radiation therapy
had a worse prognosis at the time of diagnosis, as defined by clinical factors not available in this data set,
and consequently, also had a worse survival rate. A selection bias probably exists in that patients with
unresectable or otherwise dangerous meningiomas were preferentially referred for radiation therapy;
however, an association between the type of therapy received and the expected outcome may exist in that
radical therapy is used more frequently in patients with a better prognosis than in patients with advanced
disease.[16] Certain patient characteristics that could determine the course of treatment, such as general
health of the patient at diagnosis, extent of disease, and reason for no cancer-directed surgery, were not
assessed in this data set and these questions could not be addressed.
National Cancer Database survival rates are lower than population-based survival rates for meningiomas
(Table 6). The survival rates in the current study are dependent on voluntary reporting by hospitals and
may be impacted by the types of hospitals submitting data. Misclassification of tumors could also
account for a lower survival rate among NCDB cases. National Cancer Database survival rates are also
lower than clinically based survival rates. Clinical studies generally only include patients who have had
surgery to remove all or part of the tumor. Conversely, the NCDB includes those patients with
meningiomas who did not undergo surgical or other active treatment, which reduces the survival
estimates.
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Although date of first treatment was recorded in this data set, the order of treatment was not obtained.
Therefore, recurrence risks were calculated from the time of diagnosis. In this data set 95.3% of benign
and 96.3% of malignant meningioma patients received treatment in the same year in which they were
diagnosed. The 5-year tumor recurrence rate for benign meningiomas in those undergoing complete
tumor removal was 20.5% in the current study. This rate is higher than that found in the clinical literature
(Table 7). Mirimanoff, et al.,[12] found that the recurrence rate for benign meningiomas was 7% at 5
years, and only 20% after 10 years posttreatment. The recurrence rate for benign meningiomas in a study
by Mahmood, et al.,[9] was 2% at 5 years. The elevated rate of recurrence in the current study may be
due to imprecise definitions of recurrence used in the data base and a more inclusive data base.
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A limitation of the study was the inability of the authors to validate and control the quality of data. For
some variables, a small percentage of the data were missing; race, surgery, radiation treatment, and
hospital type each had less than 10% of cases with missing information (Table 1). However, a few
variables, such as tumor size and number of new cancer cases seen, had a large number of records with
missing or unknown information (57% and 17%, respectively). These records with missing or unknown
codes had to be excluded from the analyses. The possibility of bias exists, but the exclusion of these data
may have been systematic. For example, any one institution may not have submitted information on a
particular variable for any of its patients, regardless of clinical presentation or outcome. However, we
were unable to determine the percentage of records that contained truly missing information as compared
with those that were simply not reported by the participating hospital.
Information on diagnostic confirmation of the tumors was not available, and the possibility exists that
misclassification or misdiagnosis may have occurred. The classification of meningiomas was based on
ICDO codes recorded in the medical records; meningiomas with unusual cytological features may have
been incorrectly classified as benign. Because of the limited information available regarding the
pathological characteristics of the tumors, we were unable to determine if misclassification occurred. In
addition, no information on other clinical factors that may be important in the prognosis of survival time,
such as extent of disease, clinical presentation, or coexisting conditions, were collected for this registry,
and thus, were not controlled for in multivariate analyses. It would be difficult to assess what effect these
factors may have on the results presented here.
More detail on clinical variables in a broader patient population would enable better estimates of survival
while controlling for pretreatment prognosis. Participation in data collection for NCDB will be required
for all hospitals accredited by the Commission of Cancer in 1996. This will provide a larger database of
newly diagnosed benign and malignant cancers from across the United States. As data quality and
follow-up time increase, this data set will become invaluable for clinical and epidemiological studies.
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