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Abstract General population-based survival statistics for
primary malignant brain or other central nervous system
(CNS) tumors do not provide accurate estimations of
prognosis for individuals who have survived for a signifi-
cant period of time. For these persons, the use of conditional
survival percentages provides more accurate information to
estimate potential outcomes. Using information from the
National Cancer Institute’s Surveillance, Epidemiology and
End Results (SEER) program from 1995 to 2012, condi-
tional survival percentages were calculated for 1 or 5 years
of additional survival for all primary malignant brain and
CNS tumors overall and by gender, race, ethnicity and age.
Rates were calculated to include 1, 2, 3, 4, 5, 10 and
15 years post diagnosis. Conditional survival was also
calculated in intervals from 1995-2004 to 2005-2012, to
examine the potential effect that the introduction of new
treatment protocols may have had on survival rates. The
percentage of patients surviving one or five additional years
varied by histology, age at diagnosis, gender, race and
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ethnicity. Younger persons (age <15 years at diagnosis) had
higher conditional survival percentages for all histologies as
compared to all histologies in older patients (age >15 years
at diagnosis). The longer the amount of time post-diagnosis
of a malignant brain or other CNS tumor, the higher the
conditional survival. Younger persons at diagnosis had the
highest conditional survival irrespective of histology. Use
of conditional survival rates provides relevant additional
information for patients and their families, as well as for
clinicians and researchers, and helps with understanding
prognosis.

Keywords Conditional survival - Glioblastoma -
Meningioma - Brain tumors

Introduction

Primary malignant brain and central nervous system (CNS)
tumors are a rare cancer, only representing approximately
2 % of all cancers. Despite this, these tumors cause sig-
nificant morbidity and mortality. Five-year relative survival
rates following diagnosis of these tumors in patients under
the age of 75 years encompass a broad range of survival
from approximately 11-73 % [1]. Most reported cancer
survival statistics are calculated from time of diagnosis,
and provide an estimate of prognosis from O years of
current survival. These statistics for relative survival cal-
culated from time of diagnosis do not accurately describe
the survival patterns for persons that have already survived
for a period of time, because the probability of survival
changes with increasing survival time.

Conditional survival is defined as the probability that a
person will survive an additional number of years given
that they have already survived a definitive amount of years
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after the time of diagnosis [2]. An important distinction to
note is that relative survival rates describe the percent of
persons surviving to a time point from the time of diag-
nosis, whereas conditional survival calculates survival to a
time point after the patient has survived a certain number
of years after their diagnosis. However, relative survival
rates are used to calculate conditional survival rates in this
paper as explained in the discussion. Use of conditional
survival probabilities may provide more accurate estima-
tions by offering survival estimates based on the outcomes
of patients who have already survived for a period of time
post-diagnosis.

Conditional survival probabilities have previously been
reported for primary malignant brain and CNS tumors, but
these analyses have often been limited to smaller time
frames, specific treatment regimens, a select few histolo-
gies, or calculated conditional survival probabilities for
primary malignant brain tumors overall. This study aims to
examine a wide range of histologies over a 17-year time
frame, by demographic factors that have previously been
shown to affect survival in primary brain and CNS tumors,
including age, sex, and race [1, 3-7]. In this study, con-
ditional survival probabilities of surviving one or five
additional years overall and by histology, gender, race and
ethnicity were calculated for persons diagnosed with pri-
mary malignant brain and other CNS tumors from 1995 to
2012. Conditional survival probabilities were also calcu-
lated for the intervals from 1995-2004 to 2005-2012, to
examine the potential effect that the introduction of new
treatment protocols may have had on prognosis.

Methods

Data for this review were taken from the National Cancer
Institute’s (NCI) Surveillance, Epidemiology and End
Results (SEER) program. SEER includes data from 18
population-based cancer registries that are selected to be
largely representative of the United States (US) population
and covers approximately 28 % of the US population [8].

All analyses were done using SEER*Stat 8.2.1 [9].
Conditional survival percentages were generated for all
primary malignant brain and CNS tumors using survival
data collected between 1995 and 2012 [10]. Persons who
were still alive at the end of December 2012 were censored.
The percentages of persons surviving one additional year
after a period of 1-, 2-, 3-, 4-, 5-, 10-, and 15-years after
diagnosis were generated, along with their 95 % confidence
intervals (95 % CI). The percentages of persons surviving
five additional years after a period of 1, 2, 3 and 4 years
after diagnosis were also generated, along with their 95 %
CI. Significance of difference between two conditional
survival probabilities was tested by whether the 95 % ClIs

@ Springer

overlapped for these two values. The cumulative observed
survival (CP) was divided by the cumulative expected
survival (CP*) within the same a—x interval, to obtain the
cumulative relative survival (CR) [11]. The CR value is the
value of conditional survival percentage generated by
SEER*Stat that was used for each interval in this study.
Malignant primary brain and other CNS tumors were
defined as tumors with an International Classification of
Disease, Oncology 3rd edition (ICD-O-3) site code of C70-
C72, or C75.1-C75.3, and an ICD-0O-3 behavior code of 3.

Conditional survival probabilities were generated over-
all, as well as by histology, gender, age, ethnicity and race.
Histologic groups were defined using the Central Brain
Tumor Registry of the United States (CBTRUS) schema [1,
12]. Ethnicity was defined as Hispanic or non-Hispanic—
Latino, while race was defined as White, Black and a
combined group of American Indian/Alaska Natives
(ATIAN) and Asian Pacific Islander (API) [13]. Age at
diagnosis was grouped into three groups: children (age
0-14 years), adolescents and young adults (AYA, age
15-39 years), and older adults (age 404 years).

In 2005, the Stupp protocol which included concurrent
radiation and chemotherapy with temozolomide became
standard of care in glioblastoma. This protocol provided
major improvements in newly diagnosed glioblastoma
median survival [14], which could have possibly had an
effect on conditional survival. To account for this major
change of treatment, in addition to the main analysis from
1995 to 2012, an additional analysis was also performed
including two separate groups from 1995-2004 to
2005-2012. Histologies included in the separate analysis
include glioblastoma, anaplastic astrocytoma, and oligo-
dendroglioma, since these include high grade gliomas that
were may have been treated using the Stupp protocol. Age
at diagnosis was divided into two groups: young adults
(AYA, age 15-39) and older adults (age 40+ years).
Children (age 0-14 years) were not included because of the
low number of children with gliomas. By comparing these
two groups to the period of conditional survival from 1995
to 2012, possible differences in conditional survival from
the Stupp protocol can be identified.

Results

Overall conditional survival probabilities after 1 year of
survival by histology are presented in Table 1. The prob-
ability of surviving one additional year increased with
increasing years post-diagnosis. The probability of sur-
viving one additional year was 44.1 % (95 % CI
43.7-44.5 %) for 1-year survivors, 90.5 % (95 % CI
90.0-90.9 %) for 5-year survivors and 94.4 % (95 % CI
93.8-95.0 %) for 10-year survivors. Significant increases
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Table 1 Percent surviving 1 additional year given x year(s) after diagnosis with a malignant brain tumor by histology SEER 1995-2012 [1]

Year(s) after diagnosis 1 year 2 years 3 years 4 years
Histology N % 95 % ClI N % 95 % ClI N % 95 % CI N % 95 % CI
Pilocytic astrocytoma 3849 96.6 (95.9-97.2) 3428 97.6 (96.9-98.1) 3116 98.1 (97.4-98.5) 2801 98.6  (98.0-99.0)
Diffuse astrocytoma 6635 61.5 (60.3-62.7) 4415 76.7 (75.4-78.0) 3493 83.3 (81.9-84.5) 2885 86.6  (85.1-87.8)
Anaplastic astrocytoma 4101 44.0 (42.4-45.6) 2274 57.5 (55.3-59.6) 1446 709 (68.3-73.3) 1052 782  (75.4-80.8)
Unique astrocytoma variants 467 72.0 (67.3-76.1) 322 84.7 (79.8-88.5) 262 87.1 (81.8-90.9) 214 90.7  (85.5-94.2)
Glioblastoma 33,204 152 (14.8-15.7) 10,765 23.8 (22.9-24.6) 3851 41.5 (39.9-43.2) 1954 572 (54.8-59.5)
Oligodendroglioma 3602 89.5 (88.4-90.6) 3151 91.8 (90.6-92.7) 2824 92.6 (91.5-93.6) 2518 92.6  (91.4-93.6)
Anaplastic oligodendroglioma 1441 68.9 (66.3-71.3) 1076 76.6 (73.8-79.1) 845 82.7 (79.8-85.2) 705 842  (81.1-86.9)
Oligoastrocytic tumors 2130 779 (76.0-79.7) 1701 81.5 (79.4-83.4) 1368 84.8 (82.7-86.7) 1134 86.9  (84.6-88.8)
Ependymal tumors 2929 89.7 (88.5-90.9) 2505 92.5 (91.2-93.5) 2198 94.5 (93.3-95.5) 1924 96.1  (94.9-97.0)
Glioma malignant, NOS 4717 527 (51.1-54.2) 2662 78.0 (76.3-79.6) 2020 90.3 (88.8-91.6) 1709 935  (92.1-94.7)
Choroid plexus tumors 109 76.7 (67.0-83.8) 78 87.3 (76.8-93.2) 67 88.9 (77.9-94.6) 55 90.4  (78.3-96.0)
Other neuro-epithelial tumors 56 88.7 (75.3-95.1) - - - - - - - - -
Neuronal and mixed neuronal-glial 111 83.0 (74.0-89.1) 94 82.1 (72.1-88.8) 79 85.0 (74.1-91.6) 64 90.0  (78.4-95.6)
tumors
Embryonal tumors 3040 71.5 (69.8-73.1) 2286 81.8 (80.1-83.3) 1861 89.1 (87.6-90.5) 1610 91.8  (90.3-93.1)
Medulloblastoma 1815 82.0 (80.1-83.7) 1467  87.6 (85.7-89.2) 1258 90.8 (89.0-92.4) 1099 92.7  (90.9-94.2)
PNET 710 59.6 (55.8-63.2) 507 70.7  (66.4-74.5) 384 84.3 (80.1-87.6) 329 89.4  (85.4-92.4)
ATRT 219 343 (27.8-40.9) 99 62.2 (51.3-71.4) 59 86.8 (74.2-93.5) 44 94.5  (79.4-98.6)
All other embryonal 296 64.4 (58.4-69.8) 213 77.5 (71.0-82.8) 160 88.8 (82.4-92.9) 138 89.4  (82.2-93.8)
Nerve sheath tumors 164 739 (65.8-80.4) 120 89.2 (80.9-94.0) 102 98.2 (88.1-99.7) 92 100.0  **
Meningioma 1239 75.8 (73.0-78.4) 944 85.7 (82.8-88.1) 794 90.5 (87.6-92.8) 670 91.8  (88.7-94.1)
Mesenchymal tumors 268 727 (66.6-77.9) 206 83.7 (77.4-88.4) 172 85.8 (78.9-90.5) 149 89.8  (82.8-94.1)
Primary melanocytic lesions - - - - - - - - - - - -
Other neoplasms related to the 176 86.6 (79.6-91.3) 140 92.6 (85.4-96.3) 126 929 (85.0-96.7) 113 90.8  (82.1-95.4)
meninges
Lymphoma 5172 399 (38.5-414) 2273 72.8 (70.8-74.8) 1682 80.3 (78.1-82.4) 1335 84.6  (82.2-86.6)
Other hematopoietic neoplasms 90 66.8 (554-759) 64 76.3 (62.8-854) 53 85.0 (70.6-92.7) - - -
Germ cell tumors, cysts and 905 89.4 (87.1-91.3) 764 953 (93.4-96.6) 696 96.0 (94.1-97.3) 614 96.1  (94.1-974)
heterotopias
Tumors of the pituitary 94 86.7 (76.9-92.5) 78 925 (81.1-97.1) 72 91.5 (79.5-96.6) 58 97.5  (82.8-99.7)
Neoplasm, unspecified 2340 213 (19.5-23.1) 514 759 (71.4-79.8) 399 822 (77.3-86.2) 316 88.6  (83.5-92.2)
Total 77,652 44.1 (43.7-44.5) 40,522 67.1 (66.6-67.5) 28,089 82.1 (81.6-82.6) 22,494 882  (87.7-88.7)
Year(s) after diagnosis 5 years 10 years 15 years
Histology N % 95 % CI N % 95 % CI N % 95 % CI
Pilocytic astrocytoma 2515 98.7 (98.1-99.2) 1304 99.2 (98.3-99.7) 336 97.6 (94.3-99.0)
Diffuse astrocytoma 2420 87.6 (86.1-89.0) 981 91.8 (89.5-93.5) 227 91.6 (85.8-95.0)
Anaplastic astrocytoma 814 81.6 (78.5-84.3) 273 89.9 (84.9-93.3) 64 91.5 (76.8-97.1)
Unique astrocytoma variants 175 92.1 (86.3-95.5) 67 100.0 wE - - -
Glioblastoma 1210 67.0 (64.0-69.8) 224 85.8 (79.5-90.3) - - -
Oligodendroglioma 2220 92.1 (90.8-93.3) 1030 89.2 (86.7-91.2) 246 91.1 (85.1-94.7)
Anaplastic oligodendroglioma 587 84.7 (81.3-87.6) 232 87.4 (81.5-91.5) - - -
Oligoastrocytic tumors 950 87.6 (85.1-89.7) 309 91.6 (87.2-94.6) 66 91.6 (77.2-97.0)
Ependymal tumors 1681 96.9 (95.7-97.8) 758 98.1 (95.9-99.1) 178 99.5 (28.-100.)
Glioma malignant, NOS 1452 93.6 (92.0-94.9) 573 96.8 (94.3-98.2) 123 94.1 (85.8-97.6)
Choroid plexus tumors 52 91.5 (78.6-96.8) - - - - - -
Other neuro-epithelial tumors - - - - - - - - -
Neuronal and mixed neuronal-glial tumors 52 96.2 (84.6-99.1) - - - - - -
Embryonal tumors 1394 92.6 (91.0-94.0) 663 98.0 (96.4-98.9) 181 97.5 (92.1-99.2)
Medulloblastoma 950 93.0 (91.0-94.5) 437 98.3 (96.1-99.3) 119 97.8 (89.6-99.6)
PNET 295 91.8 (87.9-94.5) 160 96.5 (91.4-98.6) - - -
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Table 1 continued

Year(s) after diagnosis 5 years 10 years 15 years
Histology N % 95 % CI N % 95 % CI N % 95 % CI
ATRT 35 89.0 (69.3-9-6.4) - - - - - -

All other embryonal 114 92.7 (85.6-96.3) 55 100.0 ok - - -
Nerve sheath tumors 85 100.0 wE - - - - - -
Meningioma 598 91.4 (88.0-93.9) 265 98.1 (88.1-99.7) - - -
Mesenchymal tumors 121 93.5 (86.0-97.0) 61 94.1 (78.-98.5) - - -
Primary melanocytic lesions - - - - - - - - -
Other neoplasms related to the meninges 100 91.2 (81.8-95.8) - - - - - -
Lymphoma 1073 87.0 (84.4-89.1) 353 90.8 (85.9-94.1) 83 94.3 (83.3-98.1)
Other hematopoietic neoplasms - - - - - - - - -
Germ cell tumors, cysts and heterotopias 546 97.6 (95.7-98.6) 271 98.1 (95.2-99.2) 70 94.8 (83.6-98.4)
Tumors of the pituitary 52 100.0 wE - - - - - -
Neoplasm, unspecified 257 89.9 (84.0-93.8) 104 86.0 (75.2-92.4) - - -
Total 18,793 90.5 (90.0-90.9) 7783 94.4 (93.8-95.0) 1794 94.7 (93.1-95.9)

— Rate suppressed due to less than 50 cases at beginning of survival period, or less than 16 cases remaining alive at the end of the survival period

Groups were italicized to denote that they were a subset of the above category, embryonal tumors

** Could not be calculated

in probability of surviving one additional year were seen in
patients with most histologic types, with the exception of
oligodendroglioma, neuronal and mixed neuronal-glial
tumors, and other neoplasms related to the meninges for
which the probability of surviving one additional year
remained relatively unchanged with increased current sur-
vival. After surviving 2 years after diagnosis, the proba-
bility of surviving an additional year was greater than 50 %
in all histologies with the exception of glioblastoma in
which the probability of survival was 23.8 % (95 % CI
22.9-24.6 %).

Overall conditional survival of an additional 5 years for
1-, 2-, 3- and 4-years post-diagnosis are presented in
Table 2 by histology. The percentage of surviving five
additional years for all tumors was 34.4 % (95 % CI
34.0-34.7 %) for 1-year survivors, 59.2 % (95 % CI
58.6-59.7 %) for 2-year survivors, 77.9 % (95 % CI
77.4-78.4 %) for 3-year survivors, and 88.2 % (95 % CI
87.7-88.7 %) for 4-year survivors. All histologies
demonstrated increased 5-year predicted survival with an
increasing period of current survival. After surviving
2 years, the 5-year conditional survival was greater than
50 % for all histologies except for anaplastic astrocytoma
and glioblastoma, where the probability of survival was
45.0 % (95 % CI 42.7-47.3 %) and 13.6 % (95 % CI
12.9-14.4 %) respectively.

One year of conditional survival was estimated for
glioblastoma, anaplastic astrocytoma, and oligoden-
droglioma from 1995 to 2004 as well as from 2005 to 2012
for ages 15-39 and 40+ for 1, 2, 3, 4, 5, 10 and 15 years
past diagnosis. Among glioblastoma and anaplastic astro-
cytoma, the first year after diagnosis was found to have a
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significantly higher conditional survival in 2005-2012
versus 1995-2004 in both age groups (Fig. la—d). Two
years past diagnosis in glioblastoma patients aged 40+ also
had significantly higher conditional survival in 2005-2012
versus 1995-2004 (Fig. 1b). Oligodendroglioma seemed to
have a slight favor towards increased conditional survival
for 2005-2012, but none of the findings were statistically
significant (Fig. le, f).

Conditional survival probabilities were also estimated
by gender, age, ethnicity and race for glioblastoma
(Fig. 2a—d) and malignant meningioma (Fig. 3a—d).
Among malignant meningioma, females exhibited higher
survival rates at all timepoints (Fig. 3a). Conditional sur-
vival percentages were consistently higher in younger
patients for glioblastoma (Fig. 2b) and malignant menin-
gioma (Fig. 3b). AIAN/API had significantly higher con-
ditional survival than Whites and Blacks in glioblastoma
for first year post-diagnosis, but there was no significant
difference with increasing times of current survival
(Fig. 2d).

Discussion

In addition to commonly reported overall or relative sur-
vival estimates, conditional survival rates provide an
important measure of population-level cancer survival, as
well as a potentially more accurate prediction of prognosis
for longer term survivors in the United States. Overall
survival statistics are strongly influenced by persons that
survive a short period of time after their diagnosis. This
effect can be particularly significant in cancers with low
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Table 2 Percent surviving 5 additional years given x year(s) after diagnosis with a malignant brain tumor by histology SEER 1995-2012

Year(s) after diagnosis 1 year 2 years 3 years 4 years

Histology N % 95 % CI N % 95 % CI N % 95 % CI N % 95 % CI

Pilocytic astrocytoma 3849  94.2 (93.3-95.0) 3428 96.2 (954-96.9) 3116  97.5 (96.8-98.1) 2801 98.6  (98.0-99.0)
Diffuse astrocytoma 6635 479 (46.6-49.3) 4415 66.4 (64.8-67.9) 3493 78 (76.4-79.4) 2885 86.6 (85.1-87.8)
Anaplastic astrocytoma 4101 279 (26.4-29.5) 2274 45 (42.7-47.3) 1446  63.5 (60.7-66.1) 1052  78.2 (75.4-80.8)

Unique astrocytoma 467 60.6 (55.2-65.5) 322 76.8 (71.0-81.6) 262 84.2 (78.5-88.5) 214 90.7 (85.5-94.2)
variants

Glioblastoma 33,204 5.1 (4.8-5.4) 10,765 13.6 (12.9-14.4) 3851 332 (31.5-349) 1954 572 (54.8-59.5)
Oligodendroglioma 3602 79.8 (78.2-81.2) 3151 84.9 (83.5-86.3) 2824  89.1 (87.7-90.3) 2518  92.6 (91.4-93.6)
Anaplastic 1441 52.5 (49.6-554) 1076 645 (61.2-67.6) 845 76.3 (72.9-79.3) 705 84.2 (81.1-86.9)

Oligodendroglioma
Oligoastrocytic tumors 2130 62 (59.6-64.3) 1701  70.8 (68.3-73.1) 1368  79.6 (77.1-81.8) 1134  86.9 (84.6-88.8)

Ependymal tumors 2929 83.4 (81.7-84.9) 2505 88.8 (87.3-90.2) 2198 92.9 (91.5-94.1) 1924  96.1 (94.9-97.0)
Glioma malignant, 4717 46.1 (44.5-47.7) 2662 73 (71.0-74.8) 2020 87.6 (85.9-89.1) 1709 93.5 (92.1-94.7)
NOS
Choroid plexus tumors 109 63.9 (52.9-73.0) 78 79 (66.7-87.1) 67 834 (71.0-90.8) 55 90.4 (78.3-96.0)
Other neuro-epithelial 56 76.2 (59.9-86.6) - - - - - - - - -
tumors
Neuronal and mixed 111 67.9 (57.0-76.6) 94 73.9 (62.5-82.3) 79 81.8 (70.2-89.3) 64 90 (78.4-95.6)
neuronal-glial tumors
Embryonal tumors 3041 61.2 (59.3-63.1) 2286  75.1 (73.1-76.9) 1861 85.6 (83.9-87.3) 1610 91.8 (90.3-93.1)
Medulloblastoma 1815 71.9 (69.5-74.1) 1467  81.2 (78.9-83.3) 1258 87.7 (85.6-89.5) 1099 92.7 (90.9-94.2)
PNET 710 48  (44.1-51.8) 507 63.2 (58.7-67.4) 384 80.5 (76.0-84.3) 329 894 (85.4-92.4)
ATRT 219 28.9 (22.5-35.5) 99 58.8 (47.4-68.6) 59 84.1 (70.3-91.8) - - -
All other embryonal 297 534 (46.9-59.4) 213 69.3 (61.9-75.5) 160 83.1 (75.6-88.5) 138 894 (82.2-93.8)
Nerve sheath tumors 164 72.6 (64.2-79.4) 120 89.2 (80.9-94.0) 102 98.2 (88.1-99.7) 92 100  **
Meningioma 1239 652 (61.8-68.4) 944 787 (75.1-81.8) 794 86 (82.5-88.8) 670 91.8 (88.7-94.1)

Mesenchymal tumors 267 60.9 (54.1-67.1) 206 752 (67.8-81.2) 172 83.5 (76.1-88.8) 149 89.8 (82.8-94.1)
Primary melanocytic - - - - - - - - _ _ - _

lesions

Other neoplasms 176 76.3 (67.4-83.1) 140 84.1 (74.9-90.1) 126 88.2 (79.1-934) 113 90.8 (82.1-95.4)
related to the

meninges

Lymphoma 5172 299 (28.5-31.3) 2273  61.6 (59.2-63.9) 1682 748 (72.3-77.1) 1335 84.6 (82.2-86.6)
Other hematopoietic 90 52.1 (39.8-63.0) 64 68.6 (53.6-79.6) 53 78  (61.8-87.9) - - -
neoplasms

Germ cell tumors, cysts 905 84.4 (81.6-86.8) 764 91.6 (89.1-93.5) 696 94.4 (92.2-96.0) 614 96.1 (94.1-97.4)
and heterotopias

Tumors of the pituitary 94 79.3 (67.6-87.2) 78 90.2 (77.8-95.9) 72 91.5 (79.5-96.6) 58 97.5 (82.8-99.7)
Neoplasm, unspecified 2340 16.9 (15.2-18.7) 514 67.3 (62.1-72.0) 399 79.5 (74.1-83.9) 316 88.6 (83.5-92.2)
Total 77,652 344 (34.0-34.7) 40,522 59.2 (58.6-59.7) 28,089 779 (77.4-78.4) 22,494 88.2 (87.7-88.7)

— Rate suppressed due to less than 50 cases at beginning of survival period, or less than 16 cases remaining alive at the end of the survival period
Groups were italicized to denote that they were a subset of the above category, embryonal tumors
** Could not be calculated

1-year overall survival, such as glioblastoma and anaplastic There have been several previous analyses that gener-
astrocytoma, where 1-year overall survival is 36.5 and  ated conditional survival probabilities for patients with
61.3 %, respectively [1]. Our results show generally that  brain and CNS tumors. Many of these have focused solely
the longer a person survives after diagnosis, the higher the ~ on glioblastoma, or other high grade gliomas [2, 15], and
probability that they will survive at least one or five  have found increasing conditional probability of survival
additional year(s) (Tables 1, 2). with increasing years of current survival as well as a
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1. Glioblastoma were defined as ICD-0 Histology Codes: 9440-9442 [1].
2. Anaplastic Astrocytoma was defined as ICD-0 Histology Code: 9401 [1].
3. Oligodendroglioma was defined as ICD-0 Histology Code: 9450 [1].

Fig. 1 Percent of patients surviving 1 additional year given 1, 2, 3, 4, 5, 10 and 15 years after diagnosis for ages 15-39 and 40+ years for
glioblastoma (a, b), anaplastic astrocytoma (c, d), and oligodendroglioma (e, f) from 1995-2004 to 2005-2012 SEER 1995-2012

significant effect of histology, lower WHO grade, lower
age, site and treatment regimen on conditional survival. A
previous analysis estimated conditional survival probabil-
ities for malignant or non-malignant primary brain tumors
and found improved conditional survival estimates histol-
ogy, malignancy and lower age at diagnosis. This analysis
also found that conditional survival probability was great-
est after 2 years of survival, as compared to this analysis
which found increasing survival estimates with each year
of increased current survival [16]. Another analysis found
that older patients (65 years old or greater) diagnosed with
a glioblastoma had decreased conditional probability of
5-year survival upon survival of 2 years than younger
patients, and that the proportion of persons surviving five
additional years after 2 years of current survival was sig-
nificantly higher than those having already survived only
1 year [17]. These studies have shown that overall, patients
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who have survived at least 2 years post-diagnosis have a
higher conditional probability of survival than patients still
in the first 2 years of their diagnosis [2, 15-17]. Despite
these pertinent findings, these studies only examined con-
ditional survival based on age, treatment and histology
whereas this current study also investigated gender, eth-
nicity and race.

In this study, glioblastoma conditional survival was
reviewed from 1995 to 2012, then examined from
1995-2004 to 2005-2012 from ages 15 to 39 and 40+.
These two time periods were chosen because of the pos-
sible effect that the Stupp protocol may have had on con-
ditional survival. The probability of an additional year of
survival after 2 years post-diagnosis with glioblastoma
reported in our study overall was 23.80 % as seen in
Table 1. In Fig. 1, 1 year of conditional survival after
2 years post-diagnosis from 1995 to 2004 was 43.1 and
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15.8 % in ages 15-39 and 404, respectively. Also, in
Fig. 1, 1 year of conditional survival after 2 years post-
diagnosis from 2005 to 2012 was 46.4 and 24.1 % in ages
15-39 and 40+, respectively. These findings are lower than
Porter et al.’s published percentage of 56.0 % (95 % CI
48.1-63.1 %) [16], except for ages 15-39 from 2005 to
2012 where there is overlap between the confidence
intervals of the two values (Fig. 1a). While both studies
used the SEER cancer registries, Porter et al. used data
from 5 SEER registries and from a different timeframe,
1985-2005, while this current study contained data from 18
SEER registries from 1995 to 2012. With the advent of the
Stupp protocol of concurrent radiation and chemotherapy
with temozolomide pointing to slight improvements in
median survival for glioblastoma, the relative survival for
glioblastoma has also shown improvement and also con-
tributed to the differences in conditional probability
between the two studies. Two year relative conditional
survival for glioblastoma in the dataset used for this anal-
ysis is 15.2 %, as compared to 30.9 % in Porter, et al. [16].
The analyses in the current study also had lower rates of
survival for glioblastoma as compared to those found in
McNamara et al. [18]. These differences indicate that the
survival cohort used to generate the statistics in these two
analyses is likely quite different.

The current study included a large population-based
sample (N = 33,204 glioblastomas) and the majority
(58 %) of patients included in the previous analysis
received concurrent chemotherapy and radiation, which has
been shown to contribute to improved survival [18]. This
may account for the overlap seen from 1995 to 2012 in
ages 15-39 years (Fig. la), where the standard of care
changed with the introduction of the Stupp protocol, and
both samples may have had similar treatment. However,
the age intervals are much different and must be considered
when comparing the two. Still, it appears that the intro-
duction of adjuvant temozolomide and concurrent radiation
contributed to a slight improvement in conditional survival,
especially in the first 2 years post diagnosis.

While investigating the relationship between the con-
ditional survival probabilities of patients diagnosed with
glioblastoma and various demographic variables, distinct
trends were observed. The conditional survival data for
glioblastoma patients showed that as subjects’ age
increased, conditional survival decreased (Fig. 2), which
corresponds to the previous findings of Davis et al. and
Porter et al. [16, 17]. The oldest age group had the lowest
conditional survival percentages significantly for 1-, 2-, 3-,
4-, and 5-years after diagnosis (Fig. 2). Older people may
not be offered certain treatment options such as clinical
trials or aggressive treatment options, or may even decline
aggressive treatment options. Bauchet et al. recognized in
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elderly glioblastoma patients that radiation therapy pro-
vided significant improvements in their outcomes but
transportation to a hospital for daily treatment could be
difficult, especially if the patient is frail [19]. Advanced age
is a demographic factor that significantly decreased con-
ditional survival in the first 5 years after diagnosis.

The present study also found that conditional survival
rates for glioblastoma were higher among Hispanics sig-
nificantly in the first 2 years of survival (Fig. 2c), and is
similar to previous findings [1, 20, 21]. This may be related
to the Hispanic Paradox: despite low socioeconomic status
and decreasing quality and access of healthcare, Hispanics
demonstrate similar health patterns and mortality rates as
Whites across many diseases. Although the cause of the
Hispanic Paradox is unknown, research has increasingly
shown that Hispanics have higher health outcomes despite
their lower socioeconomic status [20]. Hispanic ethnicity
slightly favors increased conditional survival in the first
2 years after diagnosis.

Females with a glioblastoma demonstrated higher con-
ditional survival than males with the same diagnosis
(Fig. 2a), which is consistent with some previous reports.
This is similar to the findings of Sant et al., where 5 year
relative survival of malignant CNS tumors was signifi-
cantly favored for women (21.7 vs. 18.5 %) [22]. Another
study found that younger females may be predictive of
longer survival in glioblastomas [23]. While both findings
use relative survival, and not conditional survival, a slight
increase in relative survival for females over 5 years might
be responsible for increased conditional survival relative to
men, since more females are living longer. Overall, con-
ditional survival rates for glioblastoma demonstrated sig-
nificant trends across age, ethnicity and gender.

The conditional survival of malignant meningioma
patients was then examined with respect to each demo-
graphic variable. There was no definitive relationship or
trend between conditional survival among meningioma
patients and ethnicity. However, similar to gender related
findings associated with glioblastoma, malignant menin-
gioma patients demonstrated higher conditional survival
rates in women than in men. This reflects findings from
Perry et al.’s study that aggressive meningiomas were more
common in males than in females [24]. When studying
malignant meningioma incidence trends in relation to age
and gender, Ksherrty et al. observed higher incidence rates
in middle-age females (age 35-64 years) but lower inci-
dence rates in elderly females (age >64 years) compared to
males in the same age groups with similar diagnoses [25].
The increased incidence of meningioma in middle-age
females may be attributable to higher levels of estrogen and
progesterone than in males of the same age which may
increase the risk of development of meningiomas.
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Strengths and limitations

The SEER datasets comprise the largest population-based
dataset in the US that allows for survival calculations based
on active patient follow up. This analysis represents the
most up to date conditional survival analysis of brain
tumors, and also presents data on a wide range of brain
tumor histologies. Additionally, quality improvement in
the SEER dataset is a high caliber decentralized process
that includes SEER staff as well as independent contractors
following a quality improvement cycle [26]. Due to the
high quality active follow-up conducted by SEER reg-
istries, the survival information presented in this report is
assumed to be highly accurate. The populations represented
by the SEER registry system are constructed to be repre-
sentative of the US population.

Additionally, conditional survival for an interval of
17 years has not been done in the detail of demographics
that this study has presented. Observing factors such as
gender, age, ethnicity and race within conditional survival
allows a greater understanding of CNS tumor behavior over
time. Comparing conditional survival for glioblastoma and
malignant meningioma in their respective four-panel fig-
ures allows for sex, age, race, and ethnicity to be easily and
effectively compared to one another. The examined time
period from 1995 to 2012 represents the most recent and
accurate information available on primary brain and CNS
tumor behavior. Furthermore, to account for possible dif-
ferences in treatment beginning in 2005, the analysis
among different time intervals from 1995-2004 to
2005-2012 was performed. This helped elucidate differ-
ences that may exist between the two timeframes and
perhaps allow for a more accurate representation of con-
ditional survival in recent years. Using one and 5 years of
conditional survival in Tables 1 and 2 allows for a con-
sistent comparison of short term and long term conditional
survival among all histology sites within the same dataset.

The established SEER dataset and the presentation of
conditional survival are strong points to consider in this
study. The SEER database is a high quality dataset with a
long period of case ascertainment, active follow up, and a
relatively large sample size for this rare disease. Use of
these data comes with several limitations. First, the study
data are retrospective, and each cohort of period survival is
made up of persons diagnosed with and treated for their
brain and CNS tumor at many different years in the overall
period. For example, the 2-year survivors could include
both a person diagnosed in 1995 who had survived to 1997,
as well as a person diagnosed in 2009 who had survived to
2011. Both of these persons are factored into the survival
probability of a 2-year survivor living an additional year.
This means that the results of this analysis might not
accurately represent the survival probabilities of a person

diagnosed today. Our time-period analysis suggests that
there have not been significant gains in survival between
the two periods we examined, and as a result we believe the
effect of this to be small.

It is important to note with increasing age, there is
increased probability of dying from any cause during a
period of years [27]. Our study accounted for this by using
relative survival in the calculations of conditional survival.
Relative survival is a measure of observed survival that is
adjusted for death due to all other factors in the population
based on age-based life tables. In some cases relative
survival may be an accurate measure of population-level
survival patterns than observed survival because relative
survival accounts for other factors that affect subsets of the
population, whereas observed survival does not. In this
study, older patients may not receive the same level of
treatment as younger patients, and may be excluded from
some therapeutic trials. Additionally, females in general
have a decreased probability of dying from any cause at
any age as compared to males [27]. Using relative survival
helped account for these certain factors within the US, and
thus the results of conditional survival could be compared
to other countries that share similar factors. For example,
results could be compared to more developed countries that
also have a large elderly population since those patients
will likely share an increased risk of dying. Accounting for
these factors in the SEER database and in this study is not
feasible, but important to note when examining the
decreased conditional survival in older patients and in
females.

Relative survival is calculated using life tables that are
based on survival patterns in the US during the time cov-
ered by this analysis. As a result these adjustments may not
affect survival patterns in other countries, or at other points
in time. It must be emphasized that the results found in this
study are not generalizable to survival analysis of brain
tumors in countries other than the US where survival pat-
terns may vary. Relative survival adjustments have the
largest impact when survival after diagnosis is long, which
is not the case with brain tumors overall. As a result, rel-
ative survival calculations within some groups may not
differ significantly from overall survival. Still, the use of
relative survival rates in the calculation of conditional
survival in this study we believe allows for a clearer
understanding of brain tumor behavior in the US.

There have also been changes to definitions of tumor
histologies over the period used in this analysis, during
which there have been three revisions of the WHO clas-
sification of tumors of the central nervous system (1997,
2000, and 2007). Modifications to this classification
scheme have had dramatic effects on diagnostic criteria for
several of the tumors used in this analysis, and may affect
which tumors are included within each histology category
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over time. Our time period analysis suggests that this does
not have a significant effect on conditional survival prob-
abilities for a selected group of tumors, and we believe that
the overall effect of this should be minimal. The current
structure of the SEER registry system does not allow for
central pathology review, and as a result these results
reflect diagnoses made within each patient’s individual
clinical care.

Using the SEER database presents several limitations for
studying survival in malignant brain tumors. Information on
extent of resection of CNS tumors is limited and the vari-
ables used to record these data have changed over time, and
as a result are difficult to incorporate into these models.
Quantifying extent of resection and estimating conditional
survival may be a part of future research, since there is a
relationship between the extent of resection and prognosis of
glioblastomas [28, 29]. There is no chemotherapy infor-
mation for brain and CNS tumors recorded in SEER, and as
a result we are not able to consider these treatment patterns
in these models. Finally, many genetic and molecular
biomarkers that are prognostic in some malignant brain and
CNS tumors (such as 1p/19q deletion status and MGMT
methylation status) have only been required data elements
since 2010, and are not part of the public release SEER data
set. IDH1/2 mutation status has emerged as one of the most
significant predictors of glioma treatment response and
prognosis, but is not currently collected by cancer registrars
within the SEER program. The use of genetic and molecular
markers in estimating conditional survival is a potential area
of future research, since these biomarkers may help further
classify tumor behavior more effectively than the WHO
Grade. Using extent of resection, chemotherapy treatment
details, and extent of resection in estimating conditional
survival may help to further our understanding of CNS
tumors and may contribute to improved prognosis.

For histologies with poor overall survival, the number of
patients who survived beyond one or 2 years may be rela-
tively small. The decline in sample size may have dimin-
ished the reliability of these estimates. In an attempt to limit
this affect, we have suppressed any survival statistic cal-
culated from a base population of 50 or less. There have also
been several reorganizations to the SEER data system dur-
ing the study time period that potentially could impact the
results and generalizability of this analysis [30]. Still, these
limitations were addressed as much as possible in order to
provide the most accurate information available.

Conclusion
Conditional survival statistics provide a valuable resource

for accurate and relevant estimates of survival for brain
tumor patients who have already survived beyond a certain
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period. Availability of these statistics aid in understanding
the demographic factors underlying improved survival.
They provide a barometer for gauging long term survival
that is useful to researchers, clinicians, patients and fami-
lies and may result in developing new research questions
aimed in improving patient care and in expanding support
programs.
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