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 Conditional Survival of All Primary Brain 
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and standard survival estimates varied by histology, behav-
ior, and age at diagnosis. The 5-year relative survival esti-
mate derived from time of diagnosis for glioblastoma was 
3.6% compared to the 3-year relative conditional survival 
rate of 36.4% for 2-year survivors. For most nonmalignant 
tumors, the difference between relative survival and the cor-
responding conditional survival estimates were minimal. 
Older age groups had greater numeric gains in survival but 
lower conditional survival estimates than other age groups. 
Similar findings were seen for other conditional survival in-
tervals.  Conclusions:  Conditional survival is a useful disease 
surveillance measure for clinicians and brain tumor survivors 
to provide them with better ‘real-time’ estimates and hope. 

 Copyright © 2011 S. Karger AG, Basel 

 Introduction 

 The most commonly reported cancer survival statis-
tics reflect survival from the time of diagnosis but are not 
as informative for patients who have survived for some 
time postdiagnosis. The clinical usefulness of these rela-
tive survival rates to estimate future prognosis is dimin-
ished for patients who have lived some time after a cancer 
diagnosis because the probability of survival changes as 
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 Abstract 

  Background:  Survival statistics commonly reflect survival 
from the time of diagnosis but do not take into account sur-
vival already achieved after a diagnosis. The objective of this 
study was to provide conditional survival estimates for brain 
tumor patients as a more accurate measure of survival for 
those who have already survived for a specified amount of 
time after diagnosis.  Methods:  Data on primary malignant 
and nonmalignant brain tumor cases diagnosed from 1985–
2005 from selected SEER state cancer registries were ob-
tained. Relative survival up to 15 years postdiagnosis and 
varying relative conditional survival rates were computed 
using the life-table method.  Results:  The overall 1-year rela-
tive survival estimate derived from time of diagnosis was 
67.8% compared to the 6-month relative conditional surviv-
al rate of 85.7% for 6-month survivors (the probability of sur-
viving to 1 year given survival to 6 months). The 10-year over-
all relative survival rate was 49.5% from time of diagnosis 
compared to the 8-year relative conditional survival rate of 
79.2% for 2-year survivors. Conditional survival estimates 
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patients continue to survive. As a result, prognosis for 
survivors differs from that of newly diagnosed patients. 
Conditional survival provides modified survival esti-
mates that are a more accurate measure for those patients 
who have already survived for a specified amount of time 
after diagnosis  [1] .

  Little has been published regarding conditional sur-
vival rates for primary brain tumor patients. Estimates 
for malignant brain tumors were first reported by Davis 
et al.  [2]  in a US study for a patient cohort diagnosed from 
1979–1993. Subsequent studies from Taiwan reported es-
timates for a subgroup of malignant tumors  [3, 4] . To 
date, there are no published estimates for nonmalignant 
tumors. Given that state cancer registries in the US are 
now required to collect nonmalignant brain tumor data 
 [5] , reporting of these estimates is warranted. The objec-
tive of this study was to obtain conditional survival esti-
mates, overall and by histology and age, for primary ma-
lignant and nonmalignant brain tumor survivors.

  Materials and Methods 

 Survival data for this study included information on primary 
malignant and nonmalignant brain tumor cases diagnosed from 
1985–2005 with follow-up through December 2006. Tumors were 
selected for inclusion using the following International Classifica-
tion of Diseases for Oncology (ICD-O-3) primary site codes: brain 
and other central nervous system (CNS; C70.0–C72.9), pituitary 
and pineal glands (C75.1–C75.3) and olfactory tumors of the nasal 
cavity (C30: 9522–9523)  [5] . Data for malignant cases were ob-
tained from five Surveillance, Epidemiology, and End Results 
(SEER) program state cancer registries (CT, HI, IA, NM, UT) in-
cluded in the SEER research dataset  [6] . Data for nonmalignant 
cases were obtained from two Central Brain Tumor Registry of 
the United States (CBTRUS) collaborating SEER state cancer reg-
istries, (CT, UT). Both data sources are nationally recognized; 
SEER as the gold standard for population-based cancer statistics 
for all cancer sites  [7] , and CBTRUS as the leader for reporting 
population-based incidence data on all primary brain tumors 
since 1991  [5] . The exclusion criteria varied due to differences in 
data structure between malignant and nonmalignant cases. For 
analyses of malignant and nonmalignant data, cases were exclud-
ed if patients were alive but follow-up time could not be calcu-
lated. For analyses of malignant cases only, patients diagnosed at 
autopsy or death certificate only, and second or later primary tu-
mors, were excluded. While second or later primary brain tumors 
were excluded from nonmalignant cases, the dataset may contain 
brain tumors that were second or later primaries after a primary 
from another cancer site. All tumors of the brain and CNS were 
included, whether or not they were microscopically confirmed.

  All data were compiled using SAS software, version 9.2  [8]  and 
all survival estimates were generated using the life-table method 
in SEER * Stat 6.6.2 software  [9] . Patients who were still alive at the 
end of the cutoff date of December 2006 were right censored at the 
date of last contact. Relative survival rates were presented for all 

estimates, defined as observed survival divided by expected sur-
vival, with adjustment for age, gender, race, and calendar year. 
Survival rates were estimated in 1-year intervals up to a period of 
15 years after diagnosis. Cumulative survival estimates were used 
to derive conditional survival estimates. Conditional survival, 
CS( y   �   x ) is the probability of surviving an additional  y  years, giv-
en that the patient has already survived  x  years after diagnosis  [1] , 
and can be expressed as:

S x y
CS y|x .S x

  S( t ) represents the traditional life-table survival at time  t . To com-
pute 3-year conditional survival (probability of surviving an ad-
ditional 3 years) for a patient that has already survived 2 years, the 
survival at 2 + 3 years, S(5), was divided by the survival at 2 years, 
S(2). Conditional survival rates were calculated similarly for
other time intervals. Conditional survival estimates were calcu-
lated and reported for all primary brain tumors and for selected 
histologies as defined by CBTRUS  [5] , pediatric (all tumors diag-
nosed before the age of 20); and adult (tumors diagnosed between 
the ages of 20–44, 45–64, or 65+). For the purposes of this study, 
pilocytic astrocytoma was considered a tumor of nonmalignant 
behavior. Survival estimates were not computed for groups with 
less than 16 cases. The 95% confidence intervals (95% CI) were 
calculated around the relative survival rate and the conditional 
survival rates  [9] . 

 Results 

 Distinctive patterns in relative survival rates (0 years 
to 15-year survival) for the 22,974 malignant and nonma-
lignant tumors were apparent ( fig.  1 ). Relative survival 
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  Fig. 1.  Relative survival estimates of patients with primary brain 
tumors at time of diagnosis. 
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rates for malignant tumors declined rapidly in the first 2 
years after diagnosis, then plateaued at less than 30 per-
cent. However, relative survival rates for nonmalignant 
tumors declined slightly in the 1st year after diagnosis, 
then continued to slowly decline, but remained over 80% 
at 15 years.

  The overall 1-, 2-, 5-, 10-, and 15-year relative survival 
rates were 67.8, 58.6, 52.6, 49.5, and 47.2%, respectively 
( table 1 ). One-year relative survival rates were similar for 
glioblastoma (30.3%) and neoplasm, unspecified (35.5%) 
but dramatically differed as years since diagnosis pro-

gressed. Relative survival rates for nerve sheath tumors 
and other cranial/spinal nerves remained constant for all 
survival years (range: 97.4–98.4%). Long-term relative 
survival rates for all histologies remained above 25% at 10 
and 15 years except anaplastic astrocytoma (10 years: 
21.8%; 15 years: 19.8%), glioblastoma (10 years: 2.9%; 15 
years: 2.8%), and lymphoma (10 years: 15.7%; 15 years: 
13.0%). For many histologies, 10-year relative survival 
rates did not differ much from 15-year relative survival 
rates.

Table 1. 1 -, 1.5-, 2-, 3-, 5-, 10-, and 15-year relative survival rates with 95% confidence intervals for all primary brain tumors: 1985–2005

Category Cases
n

R elative survival, %

1 year 1.5 years 2 years 3 years

Al l brain tumors 22,974 67.8 (67.2–68.4) 61.6 (61.0–62.3) 58.6 (57.9–59.2) 55.7 (55.0–56.4)

Tumor behavior
Malignant 14,119 52.3 (51.4–53.1) 42.5 (41.7–43.3) 37.8 (37.0–38.6) 33.7 (32.8–34.5)
Nonmalignant 8,855 92.8 (92.2–93.4) 92.5 (91.8–93.1) 92.1 (91.4–92.8) 91.6 (90.8–92.3)

Specified histologic subtypes
Primarily malignant

Diffuse astrocytoma 342 68.2 (62.8–72.9) 57.9 (52.3–63.1) 53.6 (47.9–58.8) 46.8 (41.2–52.2)
Anaplastic astrocytoma 859 61.2 (57.8–64.4) 51.9 (48.5–55.3) 44.4 (40.9–47.8) 37.1 (33.7–40.5)
Glioblastoma 5,991 30.3 (29.1–31.5) 15.9 (15.0–16.9) 9.5 (8.7–10.3) 5.4 (4.8–6.0)
Oligodendroglioma 785 93.4 (91.3–95.0) 90.3 (87.9–92.3) 89.1 (86.6–91.2) 84.6 (81.6–87.1)
Anaplastic oligodendroglioma 205 77.8 (71.4–83.0) 70.7 (63.8–76.6) 62.5 (55.2–69.0) 57.4 (49.9–64.2)
Mixed glioma 293 84.7 (80.0–88.5) 78.3 (73.0–82.7) 71.6 (65.8–76.5) 64.7 (58.6–70.1)
Astrocytoma (NOS) 1,722 64.5 (62.1–66.8) 57.0 (54.6–59.4) 53.5 (51.0–55.9) 49.3 (46.8–51.7)
Glioma, malignant (NOS) 829 53.9 (50.4–57.3) 46.1 (42.5–49.6) 42.9 (39.4–46.4) 40.2 (36.7–43.8)
Embryonal/primitive medulloblastoma 542 81.7 (78.1–84.7) 75.3 (71.4–78.8) 73.0 (69.1–76.6) 68.1 (63.9–71.9)
Lymphoma 886 45.9 (42.5–49.2) 38.5 (35.2–41.8) 34.5 (31.3–37.8) 28.6 (25.4–31.8)
Meningioma, malignant 228 86.0 (80.1–90.3) 82.3 (75.8–87.2) 80.2 (73.3–85.5) 74.6 (67.2–80.6)
Neoplasm, unspecified 666 35.5 (31.7–39.3) 32.2 (28.5–36.0) 30.4 (26.6–34.2) 27.9 (24.2–31.8)
Ependymoma 532 92.8 (92.2–93.4) 90.4 (87.4–92.7) 88.7 (85.4–91.2) 84.3 (80.6–87.4)
Germ cell tumor 172 91.4 (86.0–94.7) 88.5 (82.6–92.5) 86.1 (79.9–90.6) 85.6 (79.3–90.1)

Primarily nonmalignant
Pilocytic astrocytoma 663 96.5 (94.8–97.7) 96.3 (94.5–97.5) 95.8 (93.9–97.2) 95.1 (93.1–96.6)
Hemangioblastoma/

hemangioma 224 94.0 (89.6–96.5) 93.6 (89.0–96.3) 93.6 (89.0–96.3) 93.1 (87.9–96.1)
Craniopharyngioma 135 93.0 (86.8–96.4) 90.4 (83.4–94.5) 89.2 (81.8–93.7) 88.9 (81.2–93.6)
Meningioma, nonmalignant 4,535 91.9 (90.9–92.7) 91.4 (90.4–92.4) 91.0 (89.9–92.0) 90.4 (89.1–91.5)
Nerve sheath and other cranial/spinal

nerve tumor 1,125 98.4 (97.1–99.1) 98.0 (96.6–98.9) 97.7 (96.1–98.7) 97.5 (95.7–98.6)
Pituitary tumor 1,609 97.2 (96.0–98.0) 97.2 (96.0–98.0) 96.8 (95.4–97.8) 96.3 (94.6–97.5)
Neuronal/glial, nonmalignant and

malignant 254 91.6 (87.3–94.5) 86.8 (81.7–90.5) 85.2 (79.9–89.1) 84.0 (78.6–88.2)

All other brain tumors 334 82.3 (77.6–86.1) 78.3 (73.3–82.5) 75.7 (70.5–80.2) 72.3 (66.8–77.1)

NOS = Not otherwise specified.
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  Surviving for even a short period of time resulted in 
more favorable conditional survival rates than the corre-
sponding relative survival rates ( table  2 ). The overall 
6-month relative conditional survival estimates for 0.5-, 
1-, and 1.5-year survivors were 85.7, 90.6, and 94.7%, re-
spectively. Primarily malignant histologies followed this 
incremental upward trend except for oligodendroglioma, 
anaplastic oligodendroglioma, mixed glioma, ependy-
moma, and germ cell tumor, whose rates remained virtu-
ally unchanged. As expected, the overall probability of 
surviving to 2 years was greater if the patient had already 

survived 18 months [94.7% (95% CI: 93.5–95.7)] com-
pared to having already survived12 months [85.8% (95% 
CI: 84.6–86.9)] but varied among histologies. Except for 
neuronal/glial tumors, relative conditional survival esti-
mates for primarily nonmalignant tumors remained con-
stant nearing 100% regardless of the length of time pa-
tients had survived.

  Long-term relative conditional survival estimates giv-
en that the patient has already survived a specified num-
ber of years after diagnosis are depicted in  table 3 . The 
overall 8-year relative conditional survival rate for 2-year 
survivors (i.e. the probability of surviving to 10 years giv-
en survival to 2 years) was 79.2% (95% CI: 77.9–80.5), 
which was more favorable than the 10-year relative sur-
vival rate of 49.5% (95% CI: 48.6–50.4) derived from time 
at diagnosis. Overall, the probability of surviving to 10 
years was greater for those who had already survived 5 
years [90.1% (95% CI: 88.8–91.3)] compared to those who 
had already survived 2 years [79.2% (95% CI: 77.9–80.5)]. 
Identical trends were seen for most other tumor groups 
and for 15-year survival conditioned on having survived 
5 and 10 years since diagnosis. 

  Among malignant tumor patients who had survived 
up to 10 years postdiagnosis, numeric gains in 3-year rel-
ative conditional survival were greater for the older age 
groups when compared with the younger age groups, and 
were thus more favorable ( fig. 2 ). The 3-year relative con-
ditional survival for 65+ year olds was 8.8% at time of 
diagnosis (time 0); if they survived an additional year the 
probability of surviving 3 additional years (to year 4) in-
creased to 33.1%; and surviving yet another year in-
creased the probability of surviving 3 additional years (to 
year 5) to 58.4%. For all age groups, conditional survival 
leveled off after 5 years postdiagnosis, indicating that the 
probability of surviving 3 additional years was similar 
regardless if survival was estimated after surviving up to 
5 years or 10 years.

  In contrast to the malignant tumor patterns, gains in 
3-year relative conditional survival for survivors with 
nonmalignant tumors were only seen for the oldest age 
group ( fig. 3 ). For these patients, results revealed modest 
gains in 3-year relative conditional survival during the 
first year postdiagnosis that plateaued up to year 5 (range: 
92.9–93.7%) before slightly decreasing during years 6 
through 10 postdiagnosis (range: 87.1–89.3%). For pa-
tients diagnosed up to age 64 years, 3-year relative condi-
tional survival approached 100% regardless of the length 
of time survived postdiagnosis and remained constant 
thereafter.

5  years 10 years 15 years

52.6 (51.9–53.4) 49.5 (48.6–50.4) 47.2 (46.1–48.4)

29.8 (28.9–30.6) 26.9 (25.9–27.8) 26.1 (25.0–27.2)
90.0 (89.0–90.9) 86.5 (85.0–87.9) 81.5 (79.2–83.6)

39.1 (33.5–44.7) 30.7 (24.9–36.6) 27.6 (21.4–34.1)
27.9 (24.7–31.2) 21.8 (18.6–25.2) 19.8 (16.4–23.5)

3.6 (3.1–4.2) 2.9 (2.4–3.5) 2.8 (2.2–3.5)
78.2 (74.7–81.3) 61.9 (57.2–66.3) 51.0 (45.0–56.6)
45.1 (37.2–52.6) 35.4 (26.1–44.8) 35.4 (26.1–44.8)
55.3 (48.8–61.4) 44.3 (37.1–51.3) 38.9 (31.0–46.8)
42.9 (40.4–45.4) 38.3 (35.6–41.0) 36.9 (33.9–39.9)
37.3 (33.6–41.0) 36.5 (32.7–40.2) 35.1 (30.2–40.0)
61.9 (57.5–66.0) 54.0 (49.2–58.6) 49.8 (44.4–55.0)
21.3 (18.3–24.5) 15.7 (12.5–19.2) 13.0 (9.3–17.4)
67.3 (58.6–74.6) 53.5 (42.5–63.3) 36.9 (23.2–50.8)
27.7 (23.8–31.7) 27.7 (23.8–31.7) 27.7 (23.8–31.7)
81.5 (77.4–84.9) 75.4 (70.4–79.7) 69.9 (62.8–75.9)
82.9 (76.1–88.0) 79.5 (71.6–85.5) 73.1 (61.7–81.6)

92.7 (90.2–94.6) 92.0 (89.3–94.0) 89.8 (85.3–93.0)

90.4 (84.0–94.3) 88.3 (79.4–93.5) 80.4 (67.2–88.7)
84.8 (75.7–90.6) 73.8 (62.7–82.0) 70.1 (55.7–80.6)
88.7 (87.1–90.1) 82.8 (80.2–85.0) 77.3 (73.4–80.7)

97.5 (95.7–98.6) 97.4 (92.2–99.1) 97.4 (92.2–99.1)
93.7 (91.4–95.3) 90.2 (86.8–92.7) 81.6 (76.7–85.5)

78.2 (71.7–83.3)
73.8 (66.3–79.9) 68.6 (58.6–76.7)

66.2 (60.2–71.6) 61.6 (54.6–67.8) 57.7 (49.1–65.3)
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  Expanding on 3-year conditional survival rates pre-
sented in  table 2 , we stratified rates by age groups ( ta-
ble 4 ). In general, the pediatric group had the greatest 
probability of surviving 3 additional years to 5 years 
while the oldest age group had the lowest. However, the 
probability of surviving 3 additional years given sur-
vival to 2 years was more than 90% for nonmalignant 
tumors across all age groups. Contrary to other age 
groups, the lowest 3-year conditional survival for the 
oldest age group was diffuse astrocytoma [9.3% (95% CI: 

0.5–34.0)] rather than glioblastoma [24.5% (95% CI: 
14.0–36.5)]. A finding of lower 3-year conditional sur-
vival for  ! 20-year-olds compared to the eldest age group 
among those with nerve sheath and other cranial/spinal 
nerve tumors was likely due to the small number of sub-
jects in the  ! 20 year old group (n = 21), which resulted 
in a very large confidence interval.

Table 2. S hort-term relative conditional survival (%) based on varying conditioning points with 95% confidence intervals for all pri-
mary brain tumors: 1985–2005

6-mo CS upon
0.5 year

6-mo CS upon
1 year

1-year CS upon
1 year

6-mo CS upon
1.5 years

1-year CS upon
2 years

Years since diagnosis 1  year 1.5 years 2 years 2 years 3 years

All brain tumors 85.7 (84.9–86.5) 90.6 (89.5–91.5) 85.8 (84.6–86.9) 94.7 (93.5–95.7) 94.4 (92.9–95.6)

Tumor behavior  
Malignant 74.9 (73.7–76.1) 80.9 (79.2–82.4) 71.6 (69.6–73.4) 88.4 (86.3–90.2) 87.8 (85.0–90.1)
Nonmalignant 98.7 (97.9–99.2) 99.5 (98.0–99.9) 99.0 (97.7–99.6) 99.5 (97.8–99.9) 99.0 (97.5–99.7)

Specified histologic subtypes
Primarily malignant

Diffuse astrocytoma 83.3 (78.3–87.2) 84.7 (76.8–90.1) 78.2 (67.7–85.6) 92.2 (78.6–97.3) 86.7 (70.5–94.4)
Anaplastic astrocytoma 79.8 (76.5–82.7) 84.6 (79.4–88.6) 72.1 (65.3–77.8) 85.1 (78.3–89.9) 82.8 (72.6–89.4)
Glioblastoma 52.9 (51.2–54.6) 52.1 (49.2–55.0) 30.9 (27.6–34.2) 59.1 (54.3–63.6) 56.0 (48.1–63.1)
Oligodendroglioma 97.3 (95.8–98.3) 96.7 (94.3–98.1) 95.3 (91.9–97.3) 98.6 (93.8–99.7) 94.8 (90.5–97.1)
Anaplastic oligodendroglioma 89.6 (84.0–93.4) 90.7 (81.5–95.5) 80.0 (67.6–88.1) 88.2 (76.3–94.3) 91.3 (65.6–98.1)
Mixed glioma 92.0 (88.0–94.7) 92.3 (85.9–95.9) 84.2 (75.2–90.2) 91.3 (82.8–95.7) 90.2 (76.3–96.1)
Astrocytoma (NOS) 82.0 (79.8–84.0) 88.0 (84.7–90.7) 82.2 (77.9–85.7) 93.3 (88.7–96.1) 91.1 (85.0–94.8)
Glioma, malignant (NOS) 78.6 (74.9–81.8) 84.8 (78.9–89.1) 78.3 (70.8–84.1) 92.3 (83.1–96.6) 92.1 (78.1–97.3)
Embryonal/primitive 

medulloblastoma 89.5 (86.5–91.9) 92.2 (87.4–95.2) 89.4 (83.2–93.4) 97.0 (87.7–99.3) 93.3 (84.4–97.2)
Lymphoma 77.3 (73.3–80.7) 83.8 (77.5–88.6) 75.0 (66.8–81.5) 89.4 (80.1–94.5) 82.4 (70.4–89.9)
Meningioma, malignant 94.9 (90.1–97.4) 95.4 (87.0–98.4) 92.7 (81.2–97.3) 97.1 (80.2–99.6) 92.7 (77.9–97.7)
Neoplasm, unspecified 80.6 (75.3–84.9) 89.5 (80.2–94.6) 83.1 (71.7–90.3) 92.8 (78.6–97.7) 89.2 (71.6–96.1)
Ependymoma 98.1 (96.2–99.0) 97.4 (94.4–98.7) 95.4 (91.1–97.7) 98.0 (93.3–99.4) 95.1 (89.5–97.7)
Germ cell tumor 99.4 (95.5–99.9) 96.8 (91.8–98.8) 94.2 (85.6–97.7) 97.3 (88.3–99.4) 99.3 (0–100)

Primarily nonmalignant
Pilocytic astrocytoma 99.0 (97.8–99.5) 99.7 (92.0–100) 99.3 (95.8–99.9) 99.5 (95.3–100) 99.2 (94.7 99.9)
Hemangioblastoma/hemangioma 98.8 (95.5–99.7) 99.4 (79.1–100) 99.4 (62.1–100) 100a 99.0 (79.9–100)
Craniopharyngioma 99.4 (92.1–100) 96.9 (90.3–99.0) 95.7 (83.7–98.9) 98.6 (71.9–99.9) 99.7 (0–100)
Meningioma, nonmalignant 98.4 (97.8–98.8) 99.4 (98.2–99.8) 98.8 (97.3–99.5) 99.4 (97.8–99.8) 98.9 (96.8–99.6)
Nerve sheath and other cranial/spinal

nerve tumor 99.9 (85.7–100) 99.6 (97.3–100) 99.3 (95.7–99.9) 99.6 (96.1–100) 99.7 (81.9–100)
Pituitary tumor 99.5 (98.7–99.8) 99.8 (92.8–100) 99.4 (96.2–99.9) 99.6 (96.8–100) 99.4 (94.7–99.9)
Neuronal/glial, nonmalignant and

malignant 95.2 (91.4–97.3) 4.7 (88.7–97.6) 93.0 (84.6–96.9) 98.2 (78.8–99.9) 98.6 (30.2–100)

All other brain tumors 93.1 (89.4–95.5) 95.0 (88.8–97.8) 91.9 (83.8–96.0) 96.7 (86.3–99.2) 95.3 (81.4–98.9)

a Confidence interval undefined. CS = Conditional survival; NOS = not otherwise specified. 
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  Discussion 

 Population-based survival statistics are routinely used 
as prognostic measures at the clinical level. For surviving 
patients, conditional survival is a better measure of prog-
nosis  [1]  than survival estimates derived from initial di-
agnosis. Conditional survival rates vary by histology and 
age and are generally higher than the corresponding rel-
ative survival estimates. Cancers with poor initial sur-
vival are most affected by conditional survival  [10] . The 

difference between the 10-year relative survival estimate 
and 5-year relative conditional survival given survival to 
5 years was 55.7% (26.9 vs. 82.6%) for malignant tumors 
but only 8.4% (86.5 vs. 94.9%) for nonmalignant tumors. 
Additionally, there is a threshold after which conditional 
survival rates stabilize as years since diagnosis increased. 
Despite more favorable conditional survival estimates 
than relative survival, trends differed by tumor behavior. 
In contrast to conditional survival estimates for many 
primarily nonmalignant tumors, conditional survival 

Table 3. L ong-term relative conditional survival (%) based on varying conditioning points with 95% confidence intervals for all pri-
mary brain tumors: 1985–2005

3-year CS upon
2 years

8-year CS upon
2 years

5-year CS upon
5 years

10-year CS upon
5 years

5-year CS upon
10 years

Years since diagnosis 5 years 10 years 10 years 15 years 15 years

All brain tumors 87.8 (87.0–88.5) 79.2 (77.9–80.5) 90.1 (88.8–91.3) 82.1 (80.1–84.0) 90.8 (87.8–93.1)

Tumor behavior
Malignant 75.4 (74.0–76.7) 62.8 (60.7–64.7) 82.6 (79.2–85.5) 72.7 (68.9–76.1) 87.4 (81.7–91.5)
Nonmalignant 96.9 (96.0–97.5) 92.0 (90.3–93.4) 94.9 (92.5–96.6) 88.6 (85.3–91.2) 92.9 (88.2–95.8)

Specified histologic subtypes
Primarily malignant

Diffuse astrocytoma 71.5 (63.6–77.9) 53.6 (42.9–63.2) 73.7 (59.6–83.6) 61.7 (45.0–74.7) 83.6 (43.5–96.2)
Anaplastic astrocytoma 61.0 (55.4–66.1) 45.4 (38.2–52.3) 73.6 (62.7–81.8) 62.4 (49.5–72.9) 84.3 (55.3–95.2)
Glioblastoma 36.4 (31.8–41.0) 26.2 (20.6–32.1) 70.4 (55.6–81.2) 59.7 (42.5–73.3) 84.0 (38.9–96.8)
Oligodendroglioma 87.4 (84.2–90.0) 68.6 (63.1–73.5) 78.5 (72.5–83.3) 63.9 (55.3–71.3) 81.3 (64.8–90.6)
Anaplastic oligodendroglioma 70.8 (60.3–79.0) 53.7 (37.8–67.2) 75.6 (51.2–89.0) 75.6 (41.7–91.4) –a

Mixed glioma 76.7 (69.3–82.5) 60.5 (49.7–69.7) 79.0 (64.9–87.9) 68.0 (50.4–80.5) 85.1 (45.6–96.7)
Astrocytoma (NOS) 77.6 (74.5–80.3) 65.2 (60.7–69.2) 83.5 (78.4–87.4) 74.6 (68.3–79.9) 89.1 (78.2–94.7)
Glioma malignant (NOS) 82.3 (77.0–86.4) 74.2 (66.0–80.8) 90.0 (79.6–95.2) 79.8 (66.4–88.3) 88.1 (63.5–96.5)
Embryonal/primitive 

medulloblastoma 84.8 (80.5–88.3) 74.0 (67.2–79.5) 87.0 (79.4–91.9) 80.2 (69.9–87.2) 92.1 (69.3–98.2)
Lymphoma 61.0 (53.8–67.4) 43.8 (34.0–53.3) 71.2 (54.9–82.5) 57.7 (36.5–74.1) 78.6 (27.9–95.6)
Meningioma, malignant 82.2 (73.1–88.5) 63.6 (49.3–74.9) 76.5 (59.1–87.3) 50.3 (28.9–68.4) 64.5 (23.6–87.6)
Neoplasm, unspecified 84.8 (77.3–90.0) 80.4 (66.2–89.1) 91.2 (72.4–97.4) 78.4 (57.9–89.7) 85.6 (48.6–96.7)
Ependymoma 91.8 (88.2–94.3) 84.8 (78.7–89.2) 92.3 (81.6–96.9) 85.2 (72.6–92.3) 91.3 (68.1–97.9)
Germ cell tumor 96.2 (90.5–98.5) 92.0 (82.2–96.5) 95.7 (73.2–99.4) 87.7 (67.4–95.8) 91.7 (50.6–98.9)

Primarily nonmalignant
Pilocytic astrocytoma 96.7 (94.6–98.0) 95.9 (92.6–97.8) 99.2 (91.6–99.9) 96.8 (89.5–99.0) 96.7 (85.3–99.3)
Hemangioblastoma/hemangioma 96.1 (89.7–98.5) 93.9 (80.5–98.2) 97.6 (69.3–99.8) 88.8 (68.7–96.3) 92.9 (45.9–99.3)
Craniopharyngioma 95.0 (85.6–98.3) 82.5 (68.9–90.6) 86.4 (72.8–93.5) 81.1 (59.1–92.0) 91.9 (28.7–99.4)
Meningioma, nonmalignant 96.4 (95.0–97.5) 88.7 (85.8–91.1) 92.0 (89.2–94.1) 85.1 (80.0–88.9) 91.6 (83.3–95.8)
Nerve sheath and other cranial/spinal

nerve tumor 99.7 (98.4–99.9) 99.3 (52.8–100) 99.1 (50.6–100) 99.1 (19.8–100) 99.1 (0–100)
Pituitary tumor 96.5 (94.5–97.8) 92.6 (88.6–95.2) 95.9 (89.0–98.5) 86.5 (79.7–91.2) 90.5 (80.3–95.5)
Neuronal/glial, nonmalignant and

malignant 91.6 (85.4–95.2) 86.3 (76.2–92.4) 94.4 (69.7–99.1) 87.7 (65.8–96.0) 92.5 (46.1–99.2)

All other brain tumors 86.9 (81.0–91.1) 80.1 (70.2–87.1) 92.0 (69.6–98.1) 85.2 (63.8–94.4) 93.1 (36.9–99.5)

a  The overall sample size was less than 16 cases. CS = Conditional survival; NOS = not otherwise specified.
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rates for long-term survivors with primarily malignant 
tumors still do not reach that of the general population, 
as these rates would be closer to 100%.

  Higher 3-year relative conditional survival estimates 
given survival to 2 years (i.e. the probability of surviving 
to 5 years given survival to 2 years) compared with 5-year 
relative survival estimates was a common finding in the 
previous malignant brain tumor studies  [2–4]  and is con-
sistent with the current study. Given survival to 2 years, 
our 3-year relative conditional survival estimate of 61.0% 
for anaplastic astrocytoma was higher than the 52.9% re-
ported by Hwang et al.  [3]  while estimates for glioblasto-
ma were comparable; albeit slightly lower in the current 
study (36.4 vs. 40.0%). The 3-year relative conditional sur-

vival estimates (given survival to 2 years) for patients with 
a glioblastoma [36.4% (95% CI: 31.8–41.0) vs. 36.4% (95% 
CI: 31.9–41.6)] or pilocytic astrocytoma [96.7% (95% CI: 
94.6–98.0) vs. 96.4% (95% CI: 93.6–99.1)] were the same 
regardless of whether the cohort was diagnosed in 1985–
2005 as in the current study or in 1979–1993  [2] . Similari-
ties in conditional survival estimates for tumors diag-
nosed in 1985–2005 versus 1979–1993 suggest that there 
were no major improvements in the clinical management 
for many of these tumor histologies between these time 
periods. Our 3-year relative conditional survival esti-
mates given survival to 2 years were greater than the pre-
vious US study  [2]  for some histologies (oligodendroglio-
ma; anaplastic oligodendroglioma; astrocytoma (NOS), 
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  Fig. 2.  Relative probability of surviving 3 additional years in patients with primary malignant brain tumor (in-
cluding those that were not confirmed microscopically) aged  ! 20, 20–44, 45–64, and 65+ years conditional on 
having survived for up to 10 years postdiagnosis. Time 0 reflects the year of diagnosis. 
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glioma malignant (NOS); embryonal/primitive/medullo-
blastoma) but lower for others (diffuse astrocytoma; ana-
plastic astrocytoma; mixed glioma). The general trend of 
malignant estimates leveling off over time and steeper 
conditional survival for the two older groups was shared 
by the current study and the previous report  [2] . A greater 
frequency of gliomas diagnosed at older ages are more an-
aplastic and aggressive than gliomas diagnosed at young-
er ages  [11, 12] , which could account for the differences in 
slope of the conditional survival curves between age 
groups. Direct comparison of overall malignant estimates 
was not possible due to the coding of pilocytic astrocyto-
ma, a pediatric tumor with good prognosis, as nonmalig-
nant in this study but as a malignant tumor in the previous 

study. However, it is likely that the relative conditional 
survival for malignant tumors in the current study [75.4% 
(95% CI: 74.0–76.7)] would have been greater than that for 
the previous US study [76.2% (95% CI: 74.8–77.6)] had pi-
locytic astrocytoma been included as a malignant tumor.

  This study provides estimates of relative conditional 
survival for both primary malignant and nonmalignant 
brain tumors. The analysis of nonmalignant tumors not 
only enables an assessment of these patterns but also al-
lows comparison of these estimates to malignant tumors. 
The current study includes longer years of follow-up and 
more conditioning points than previously reported  [2] . 
Six-month, 1-, 3-, 5-, 8-, and 10-year conditional survival 
rates were assessed for varying years of survival after di-

  Fig. 3.  Relative probability of surviving 3 additional years in patients with primary nonmalignant brain tumor 
(including those that were not confirmed microscopically) aged  ! 20, 20–44, 45–64, and 65+ years conditional 
on having survived for up to 10 years postdiagnosis. Time 0 reflects the year of diagnosis. 
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agnosis which provided an expanded observation of 
prognosis for brain tumor survivors. The number of pa-
tients who survived to 5 years in the oldest age group was 
more robust compared to the previous study  [2]  which 
enabled assessment of trends for more histologic types for 
this patient subgroup.

  Our dataset does not contain information on co-mor-
bidities, treatment, risk factors, or other outcomes (i.e. 
progression, recurrence), which could greatly affect the 
reported estimates. Estimates were less stable for rare his-
tologies and histologies with poor prognosis. Addition-
ally, there is a potential bias for nonmalignant tumors 

since there is a possibility that multiple primaries from 
other cancer sites were included, and this may have re-
sulted in more pessimistic estimates. Finally, as the con-
ditioning points increased, the subset of survivors de-
creased which may also have led to less stable estimates 
as well as issues with generalizability. As there are few 
reports of 15-year survival estimates by histology for 
brain tumors, it was difficult to gauge whether the rela-
tive survival rates presented here are reflective of the larg-
er community of brain tumor patients. In  table 1 , 3- and 
8-year conditional survival rates were based on the per-
centage of patients who survived to 2 years while 5-year 

Table 4. T hree-year conditional survival upon survival (%) for 2 years and 95% confidence intervals for all primary brain tumors by 
histology and age group

Category A ge at diagnosis, years

<2 0 20–44 45–64 65+

All brain tumors 93.5 (92.2–94.5) 86.2 (84.9–87.3) 87.8 (86.5–89.0) 85.9 (83.7–87.9)

Tumor behavior
Malignant 90.7 (88.8–92.3) 75.3 (73.2–77.2) 66.2 (63.1–69.0) 58.4 (52.9–63.4)
Nonmalignant 97.9 (96.3–98.8) 98.7 (97.9–99.2) 98.5 (97.3–99.2) 92.9 (90.3–94.8)

Specified histologic subtypes
Primarily malignant

Diffuse astrocytoma 97.5 (83.0–99.6) 69.8 (59.0–78.4) 62.9 (39.5–79.4)  9.3 (0.5–34.0)
Anaplastic astrocytoma 78.7 (60.4–89.3) 64.2 (57.2–70.4) 50.3 (38.4–61.1) 28.5 (8.6–52.6)
Glioblastoma 70.0 (45.1–85.3) 46.2 (38.4–53.7) 28.0 (21.8–34.5) 24.5 (14.0–36.5)
Oligodendroglioma 98.6 (88.9–99.8) 88.7 (84.6–91.8) 80.3 (72.6–86.0) 81.2 (57.1–92.5)
Anaplastic oligodendroglioma –a 71.9 (56.8–82.5) 68.1 (50.7–80.5) 80.7 (19.1–97.3)
Mixed glioma 95.9 (73.5–99.4) 74.3 (64.0–82.0) 69.7 (52.9–81.5) 74.5 (27.8–93.5)
Astrocytoma (NOS) 96.0 (92.6–97.9) 72.6 (67.9–76.7) 68.2 (59.8–75.3) 45.3 (27.4–61.5)
Glioma malignant (NOS) 93.3 (87.0–96.6) 79.6 (70.1–86.4) 71.8 (57.4–82.0) 57.1 (25.4–79.5)
Embryonal/primitive

medulloblastoma 88.8 (84.2–92.2) 76.2 (65.7–83.9) 76.7 (40.3–92.6) –a

Lymphoma –a 66.9 (51.4–78.5) 66.8 (55.1–76.1) 50.1 (38.4–60.8)
Meningioma, malignant –a 85.3 (60.3–95.1) 89.2 (75.7–95.4) 75.8 (59.5–86.2)
Neoplasm, unspecified 93.6 (76.6–98.4) 88.7 (74.6–95.3) 92.2 (75.4–97.7) 70.2 (52.2–82.5)
Ependymoma 85.7 (78.2–90.8) 95.8 (90.7–98.2) 95.2 (85.1–98.5) 85.4 (55.8–95.8)
Germ cell tumor 95.6 (88.2–98.4) 97.4 (79.4–99.7) –a –a

Primarily nonmalignant
Pilocytic astrocytoma 97.2 (94.9–98.5) 95.7 (89.1–98.3) 93.1 (65.8–98.8) –a

Hemangioblastoma/hemangioma –a 100b 91.2 (78.1–96.6) 89.1 (46.9–98.3)
Craniopharyngioma 100b 97.0 (79.4–99.6) 89.3 (56.7–97.8) 81.7 (35.2–96.2)
Meningioma, nonmalignant 100b 98.9 (97.1–99.5) 98.5 (96.7–99.3) 93.6 (90.4–95.7)
Nerve sheath and other cranial/spinal

nerve tumor 91.7 (53.6–98.8) 98.7 (94.9–99.7) 99.4 (96.0–99.9) 98.8 (92.5–99.8)
Pituitary tumor 100b 98.7 (96.8–99.5) 97.7 (93.7–99.1) 89.2 (82.0–93.7)
Neuronal/glial, nonmalignant and malignant 92.6 (82.8–96.9) 93.0 (81.2–97.5) 88.0 (67.5–96.0) –a

All other brain tumors 93.5 (92.2–94.5) 86.2 (84.9–87.3) 87.8 (86.5–89.0) 85.9 (83.7–87.9)

a T he overall sample size was less than 16 cases. b Confidence interval undefined. NOS = Not otherwise specified.
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conditional survival for 5- and 10-year survivors were 
based on a smaller percentage of patients who had already 
survived to 5 and 10 years, respectively.

  Conclusion 

 A brain tumor diagnosis can be quite devastating and 
conjure feelings of uncertainty and despair. This analysis 
confirms that conditional survival provides more rele-
vant and encouraging prognoses for all surviving brain 
tumor patients than relative survival estimated from the 
time of diagnosis. These population-level survival esti-
mates, in conjunction with individual patient risk assess-
ment, can serve as an additional disease surveillance 
measure for clinicians to present current expected prog-
nosis to their surviving brain tumor patients in order to 
give them hope for the future, particularly to the elderly 
and patients with malignant tumors.
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