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Adult low-grade gliomas (LGGs; World Health 
Organization [WHO] Grade II) are progressive 
brain tumors with diffuse borders against normal 

brain tissue and have a propensity to spread in an infil-
trative manner throughout the brain.16 These tumors dem-
onstrate a tendency to evolve into more aggressive high-
grade gliomas (HGGs). WHO Grade I tumors are also usu-
ally termed “LGG.” However, the nature of these lesions 
is quite different from their Grade II counterpart in that the 
Grade I tumor is not infiltrative and usually demonstrates 
more compact growth characteristics, making it more 
amenable to complete resection. LGGs compose approxi-
mately 15% of all gliomas.26 Patients most often present 
with seizures, but they can also demonstrate neurological 
and cognitive deficits or complain of headache.2,26 There is 
a clear tendency for patients with these tumors to present 

earlier in life than those with higher-grade tumors, with the 
median age at diagnosis being between 40 and 50 years.11

Therefore, female patients are often diagnosed with 
LGG while within their reproductive years. As clinicians, 
we are often questioned and expected to counsel female 
patients on the issue of how pregnancy and delivery af-
fects the biology of their LGG and, ultimately, their own 
survival. To our knowledge, only 2 other reports detail the 
effects of pregnancy on patients with LGG. These reports 
originate from the French glioma study group and feature 
information on the clinical symptoms and speed of tumor 
growth in 11 patients and 12 pregnancies.19,21 The results 
indicate that there is a peri-gestational increase in lesion 
growth rates witnessed on MR images. However, is it still 
unknown how this affects outcome and survival.

Since patients often present with seizures, they are 
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obJective The impact of pregnancy on survival in female patients with low-grade glioma (LGG) is unknown and 
controversial. The authors designed a retrospective cohort study on prospectively collected registry data to assess the 
influence of pregnancy and child delivery on the survival of female patients with LGG.
methods In Norway, the reporting of all births and cancer diagnoses to the Medical Birth Registry of Norway (MBRN) 
and the Cancer Registry of Norway (CRN), respectively, is compulsory by law. Furthermore, every individual has a 
unique 11-digit identification number. The CRN was searched to identify all female patients with a histologically con-
firmed diagnosis of World Health Organization (WHO) Grade II astrocytoma, oligoastrocytoma, oligodendroglioma, or 
pilocytic astrocytoma who were 16–40 years of age at the time of diagnosis during the period from January 1, 1970, to 
December 31, 2008. Obstetrical information was obtained from the MBRN for each patient. The effect of pregnancy on 
survival was evaluated using a Cox model with parity as a time-dependent variable.
results The authors identified 65 patients who gave birth to 95 children after an LGG diagnosis. They also identi-
fied 281 patients who did not give birth after an LGG diagnosis. The median survival was 14.3 years (95% CI 11.7–20.6 
years) for the entire study population. The effect of pregnancy was insignificant in the multivariate model (HR 0.71, 95% 
CI 0.35–1.42).
coNclusioNs Pregnancy does not seem to have an impact on the survival of female patients with LGG.
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frequently started on anticonvulsant medication. Anti-
convulsants are probably associated with birth defects, 
although the effect is dependent on the type of anticon-
vulsant, the dose, and whether the anticonvulsant is part 
of mono- or polytherapy.1 Hence, this is also an important 
issue to be cognizant of when advising young female pa-
tients on pregnancy issues.

Thus, the aim of this study was to investigate how 
pregnancy impacts survival in female patients with LGG. 
Moreover, the rate of epilepsy in patients with LGG and 
the rate of birth defects in their offspring were addressed.

methods
Norway has a well-defined population of 5.1 million 

(August 2013), and each individual has a unique 11-digit 
identification number, allowing for individual follow-up at 
a population level. In this study, we linked 2 prospectively 
maintained national databases: the Cancer Registry of 
Norway (CRN) and the Medical Birth Registry of Norway 
(MBRN).

The CRN was founded in 1951 and maintains a pro-
spective database on all neoplasms diagnosed in Norway. 
For the central nervous system, it includes both malignant 
and benign tumors. Reporting to the registry is compulsory 
by law and is based on clinical reports, pathology reports, 
and information from death certificates reporting neoplas-
tic disease. The quality of the registry is maintained by 
ensuring that missing reports from attending clinicians or 
pathologists are requested by direct contact. When mul-
tiple operations are performed on the same patient and 
generate multiple histological specimens, the database is 
updated accordingly. The histology of the neoplasms in 
this time period is coded according to the International 
Classification of Diseases for Oncology, third revision 
(ICD-O-3). Data from the CRN have undergone quality 
control and are valid for population studies.9,12 The reg-
istry also electronically retrieves from all centers nation-
wide data on radiotherapy treatment, ensuring complete 
information on the radiation dose and fractions prescribed 
in all patients.

The MBRN was founded in 1967 and prospectively col-
lects information on all births after 12 weeks of gestation. 
Information on maternal health and demographic variables 
are included, as is information regarding parturition and 
the postnatal health of the infant. Reporting to this regis-
try is also compulsory by law and is done via notification 
forms filled in by the attending midwife or obstetrician. 
The quality of this registry has proven to be good.6

The CRN database search was performed by selecting 
female individuals with brain tumors who were between 
the ages of 16 and 40 years at the time of their diagnosis 
during the time period from January 1, 1970, to December 
31, 2008. Subsequently, these women were matched with 
records in the MBRN, and thus adding information about 
parity. Finally, we identified the women with LGG accord-
ing to the first 4 digits in the ICD-O-3 code (astrocytoma 
9400, 9410, 9411, 9420; oligoastrocytoma 9382; oligoden-
droglioma 9450; and pilocytic astrocytoma 9421). Other 
WHO Grade I or II histological entities were considered 
too rare to be included for further analysis.

Only 1 patient emigrated during the study period and 
was censored at the time of emigration. All the remaining 
patients had complete follow-up data.

ethics
The study was approved by the data protection officers 

at the CRN and the MBRN.

statistics
Summary statistics are given as means and medians 

with 95% confidence intervals and interquartile ranges 
(IQR) as appropriate. The total study population was di-
vided into 2 groups: 1) patients who gave birth after di-
agnosis, and 2) patients who did not deliver any children 
after diagnosis. The groups were compared using the chi-
squared test and Mann-Whitney U-test. For the survival 
analysis, we used a Cox regression model where parity 
and, therefore, the time between diagnosis and parturi-
tion was entered as a time-varying covariate. This time-
varying covariate allowed the variable to reflect the actual 
time in the different parity groups and is necessary when 
the variable changes value under the time of follow-up. 
This ensures that the analysis properly mirrors the patient 
parity status according to the time after diagnosis. The 
Cox regression model was repeated after excluding Grade 
I gliomas to ascertain any differences between the Grade 
I and II tumors. The variables in the Cox model are pre-
sented by both univariate and multivariate models. The 
survival data are presented as a Cox model and as an event 
history graph where the individual patients with their sur-
vival and their parity status are visualized.5 Median sur-
vival was calculated using the Kaplan-Meier estimator for 
the entire sample.

The rate of epilepsy associated with LGG was deter-
mined using a chi-squared test by comparing the rate of 
epilepsy during pregnancy in the cohort giving birth be-
fore an LGG diagnosis with the rate of epilepsy in the co-
hort giving birth after an LGG diagnosis. A comparison 
in the rate of epilepsy before and after diagnosis was also 
made in women who gave birth both before and after their 
diagnosis by using McNemar’s test.

R version 2.15.1 with the Hmisc, plyr and data.table 
packages were used for all statistical analysis.

results
We identified a total of 346 women who were 16 to 40 

years of age at the time of their confirmed histological di-
agnosis of LGG during the time period from January 1, 
1970, to December 31, 2008. The median follow-up period 
was 15.2 years. A total of 469 children were delivered to 
women in this cohort of 346 LGG patients. However, 106 
of these women were nulliparous. After diagnosis, 65 pa-
tients delivered a total of 95 children. A total of 374 chil-
dren were delivered to women prior to their diagnosis; 175 
women gave birth before diagnosis only, and 21 women 
gave birth both before (25 children) and after their diag-
nosis (25 children). 

The women were divided into 2 groups contingent upon 
their postdiagnosis parity, and the characteristics of the 2 
groups are presented in Table 1. The women who became 
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pregnant after diagnosis tended to be younger at the time 
of diagnosis (median age 25.3 vs 31.4 years, p < 0.001). 
Furthermore, adjuvant therapy was used in a higher pro-
portion of the women who did not become pregnant as 
compared with patients who did become pregnant (radia-
tion therapy: 24.6% vs 9.2%, respectively, p < 0.01; chemo-
therapy: 10.3% vs 1.5%, respectively, p = 0.013).

The distribution of patient age at diagnosis and the time 
of parturition for the patients subsequently giving birth is 
detailed in Fig. 1. The number of pregnancies ranged from 
1 to 3, and the patient age at diagnosis ranged from 16 
to 36 years. The median time between diagnosis and first 
parturition was 4.2 years (IQR 2.1–6.6 years). A total of 
11 patients in this group died within the study period and 
thus leaving 54 patients censored.

The calculated survival probability is presented along 
with the time-dependent parity status displayed in differ-
ent colors (Fig. 2). The median survival for all patients in 
the cohort was 14.3 years (95% CI 11.7–20.6 years). The 
5- and 10-year survival rates were 75.7% and 54.8%, re-
spectively (excluding patients censored before the 5- and 
10-year follow-ups). Dismissing the patients with pilocytic 
astrocytomas, we found the median survival to be 12.2 
years (95% CI 10.7–17.5 years) in our cohort.

In the unadjusted Cox model, we identified increasing 

parity (HR 0.50, 95% CI 0.25–0.99), decreasing age (HR 
1.07, 95% CI 1.04–1.09), and resection compared with bi-
opsy (HR 0.54, 95% CI 0.35–0.84) to be associated with 
increased survival after diagnosis. Undergoing radio-
therapy (HR 2.01, 95% CI 1.45–2.80) at any time point 
after diagnosis was associated with decreased survival. 
Parity after diagnosis was associated with a protective ef-
fect in the unadjusted model (1 birth: HR 0.50, 95% CI 
2.53–0.99; 2 or more births: HR 0.20, 95% CI 0.05–0.83). 
However, after controlling for the impact of other vari-
ables in the adjusted Cox model, increasing parity was not 
significantly associated with improved survival (HR 0.71, 
95% CI 0.35–1.42). Age and radiation therapy maintained 
their effect in the adjusted model (HR 1.05, 95% CI 1.02–
1.08 and HR 1.81, 95% CI 1.26–2.59, respectively). After 
excluding patients with pilocytic astrocytomas from the 
analysis, results from the Cox model demonstrate similar 
coefficients as for the entire cohort. Further details can be 
found in Table 2.

Epilepsy during pregnancy was reported in 30 (31.6%) 
of the 95 pregnancies that occurred after LGG diagnosis, 
but in only 10 of the pregnancies that occurred prior to di-
agnosis (10/374 = 2.7%). Furthermore, among the women 
who were pregnant both before and after their diagnosis, 
only 1 (4%) in 25 pregnancies occurring before diagno-
sis was associated with epilepsy, while 11 (44%) of the 25 
pregnancies after diagnosis were associated with epilepsy. 
Thus, LGG and/or the treatment for LGG seem to be asso-
ciated with epilepsy during pregnancy (p < 0.01). However, 
we did not observe any difference in fetal malformations 
between the 2 groups (4.2% in the birth-after-diagnosis 
group vs 3.5% in the birth-before-diagnosis group, p = 
0.70). With respect to the mode of delivery, there was a 
tendency toward more planned caesarean sections in the 
patients who were known to have LGG (11.5%) compared 
with patients who gave birth before an LGG diagnosis 
(3.5%; p = 0.01). There was no difference between the 
2 groups with respect to conversion of planned delivery 
mode (p = 0.80). Further details can be found in Table 3.

The Cox analysis was repeated using epilepsy in an un-
adjusted time-varying model both for the subset that gave 
birth after diagnosis and in the total population. Overall 
survival was not affected by epilepsy in either group (p = 
0.07 and p = 0.28, respectively).

discussion
In the largest study on pregnancy and LGG reported 

so far, we identified pregnancy and child delivery as nei-
ther a positive nor a negative prognostic factor with re-
gard to survival for fertile women diagnosed with LGG. 
Moreover, the rate of epilepsy during pregnancy is higher 
after patients are diagnosed with LGG (31.6% vs 2.3%), 
but the rate of birth defects is similar (4.2% vs 4.6%).

To our knowledge only 2 other published studies have 
specifically investigated the issues of pregnancy and out-
come in females with LGG. Both studies originate from 
the French glioma study group.19,21 In the 2009 study, the 
authors reported that a possible negative interaction be-
tween tumor and pregnancy occurred in 6 of 8 patients.19 
One year later, in 2010, another group of authors used the 
velocity of diametric expansion (VDE) technique to show 

TABLE 1. Patient characteristics stratified by parity status

Parameter
Parity After Diagnosis

p Value0  ≥1 

No. of patients 281 65
Histology 0.435*
Astrocytoma 56.6% (159) 56.9% (37)
    Oligoastrocytoma 7.5% (21) 7.7% (5)
    Oligodendroglioma 23.8% (67) 16.9% (11)
    Pilocytic astrocytoma 12.1% (34) 18.5% (12)
Age at diagnosis in yrs† 26.2/31.4/36.2 19.2/25.3/29.4 <0.001‡
Chemotherapy 0.013*
  No 53.4% (150) 70.8% (46)
    Yes 10.3% (29) 1.5% (1)
    Unknown 36.3% (102) 27.7% (18)
Surgery 0.117*
    Biopsy 11.4% (32) 3.1% (2)
    Resection 80.1% (225) 89.2% (58)
    Unknown 8.5% (24) 7.7% (5)
Radiation therapy 0.007*
  No 75.4% (212) 90.8% (59)
    Yes 24.6% (69) 9.2% (6)
Parity after diagnosis NA
    0 100.0% (281) 0.0% (0)
  1 0.0% (0) 60.0% (39)
  2 0.0% (0) 33.8% (22)
  3 0.0% (0) 6.2% (4)

NA = not applicable.
*  Chi-squared test.
†  25th percentile/median/75th percentile.
‡  Mann-Whitney U-test.
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that tumor growth accelerates during pregnancy as com-
pared with the tumor growth rate both pre- and postdeliv-
ery.21,22 Findings from the French glioma study group are 
not at odds with our results since the French study relates 
symptoms to MRI findings and does not assess how preg-
nancy and delivery affect survival.19 Furthermore, their 

finding of increased VDE during pregnancy can be inter-
preted as clinically nonsignificant with regard to overall 
survival given the results from our study and the return of 
VDE back to prepregnancy values after delivery.

A case series from Holland describes 7 patients who 
were diagnosed with LGG before pregnancy.33 The series 
showed that 2 patients had MRI tumor progression after 
pregnancy, 3 had symptomatic seizures during pregnancy, 
and 3 had the pregnancies terminated. Unfortunately, the 
information provided does not allow any conclusions to 
be made regarding the effect of LGG on patient outcome.

Approximately 40%–90% of patients with LGG have 
epilepsy.4,13,27 Thus, they often require prophylactic anti-
convulsant medication. Anticonvulsants are known for 
their teratogenic effects and could be a major impediment 
for pregnancy, causing possible birth defects.28 We do not 
have specific information on the intake of anticonvulsants 
in our patients; however, the MBRN includes information 
on birth defects and epilepsy during pregnancy. The mid-
wife, general practitioner, or obstetrician reports epilepsy 
information to the MBRN in the antenatal part of the no-
tification form. The sensitivity of the MBRN for epilepsy 
is reported to be 72% compared with records of patient 
utilization of prescribed anticonvulsants.6 The incidence 
of birth defects was similar between the 2 birth groups, 
despite the statistical difference in epilepsy between them. 
Thus, in our limited data set, there was no evidence of 
an increased risk of birth defects in the offspring of pa-
tients with epilepsy and LGG. This can be attributed to the 
low power to detect rather infrequent birth defects in our 
study. This is further accentuated by the 72% sensitivity 
rate for the MBRN with regard to epilepsy as compared 

Fig. 1. This event chart details the patient age at diagnosis and the distribution of time between diagnosis and subsequent parity. 
Figure is available in color online only.

Fig. 2. This event history provides information on the time-varying 
nature of the patients’ parity contrasted with the survival time of the 
patient.5 Hatched segments refer to censored individuals. Figure is avail-
able in color online only.

J Neurosurg  Volume 125 • August 2016396

Unauthenticated | Downloaded 05/23/23 11:20 PM UTC



pregnancy in patients with low-grade glioma

with records on patient use of anticonvulsants as detailed 
in the Norwegian prescription database.6 However, other 
reports that include drug-specific information point out 
that there are more birth defects related to the use of val-
proic acid and phenobarbital.18,28 Furthermore, they also 
point out that the teratogenic effect is not only related to 
the specific compound but also to the dosage used.28

In a retrospective Dutch study, seizures in patients with 
LGG were identified as a significant prognostic factor, and 
it is often cited that seizures have a positive influence on 
survival in LGG patients.30 However, we did not observe 
any statistically significant effect of epilepsy as a prognos-
tic factor. This finding is in line with an earlier Norwegian 
article discussing the effect of epilepsy on outcome in pa-
tients with LGG, where the authors found epilepsy to have 
a prognostic effect only in higher-grade tumors (WHO 
Grade III and IV).14,15 Furthermore, appropriately vali-
dated models on LGG patient outcome do not incorporate 
epilepsy as a significant prognostic factor.3,8,23 Thus, we 
believe the prognostic effects of epilepsy to be modest, if 
present at all. However, the power to detect an effect of 
epilepsy on outcome is low in our study.

The patients with LGG in our study had a median 
survival of 14.3 years. This rivals other reports in which 

the median survival ranges from approximately 6.5 to 18 
years.3,20,31,32 This is a rather large range for median sur-
vival; however, LGG is a heterogeneous cancer spanning 
several histopathological entities, and the boundaries be-
tween the different WHO grades can be difficult to ascer-
tain despite guidelines on their diagnosis.16 Consequently, 
differences in local pathology reading could explain 
some of the variation. However, a validation study from 
University of California, San Francisco, challenges this 
explanation; the authors incorporated data from 4 differ-
ent North American centers and found the median overall 
survival to be quite similar to that in our study.3 Another 
explanation could be differences in the therapeutic ap-
proach to treating LGG. There is now ample evidence that 
the extent of resection is a major prognostic factor in pa-
tients with LGG; hence, survival may be influenced by the 
local attitude toward therapy.2,10,17,25,27

Pilocytic astrocytomas are usually classified as a WHO 
Grade I tumor; however, there are also anaplastic pilocytic 
astrocytomas (WHO Grade III) that are difficult to discern 
from the usual Grade I tumor using the ICD-O-3 codes.16 
As expected, LGG patients with pilocytic astrocytomas 
had a significantly better survival rate than patients with 
the other LGG entities included in this study. This find-

table 2. cox regression with parity after diagnosis entered as a time-varying covariate

Parameter
Unadjusted Entire Cohort

Adjusted

Entire Cohort
Cohort Excluding Patients w/ 

Pilocytic Astrocytomas
HR 95% CI HR 95% CI HR 95% CI

Parity after diagnosis
    0 Ref
  1 0.500 (0.253–0.986)*  0.707 (0.353–1.416)  0.731 (0.364–1.469) 
    ≥2 0.204 (0.050–0.834)*  0.334 (0.080–1.396)  0.339 (0.081–1.420) 
Histology
    Astrocytoma Ref
    Oligoastrocytoma 0.760 (0.369–1.564)  0.822 (0.392–1.724)  0.814 (0.388–1.710) 
    Oligodendroglioma 0.891 (0.614–1.293)  0.911 (0.624–1.331)  0.905 (0.620–1.321) 
    Pilocytic astrocytoma 0.251 (0.117–0.539)†  0.380 (0.173–0.831)* 
Chemotherapy
  No Ref
    Yes 1.235 (0.893–1.709)  0.985 (0.687–1.414)  0.931 (0.643–1.348) 
    Unknown 1.237 (0.733–2.087)  0.725 (0.422–1.245)  0.679 (0.390–1.183) 
Radiation therapy
  No Ref
    Yes 2.013 (1.450–2.796)†  1.808 (1.262–2.590)‡  1.670 (1.159–2.406)‡ 
Surgery
    Biopsy Ref
    Resection 0.544 (0.350–0.843)‡  0.646 (0.404–1.032)  0.639 (0.395–1.035) 
    Unknown 0.982 (0.546–1.767)  1.280 (0.698–2.347)  1.277 (0.692–2.356) 
Age at diagnosis 1.067 (1.042–1.093)†  1.049 (1.022–1.077)†  1.048 (1.020–1.076)† 

Ref = reference category.
*  p < 0.05.
†  p < 0.001.
‡  p < 0.01.

J Neurosurg  Volume 125 • August 2016 397

Unauthenticated | Downloaded 05/23/23 11:20 PM UTC



p. a. rønning et al.

ing is in line with other reports and probably reflects the 
fact that Grade I lesions can be completely resected more 
often because of their noninfiltrative nature and thus have 
a better prognosis than Grade II LGGs.24 However, to un-
derstand the effect of pregnancy on these more aggressive 
tumors, we repeated the analysis to include only the Grade 
II LGGs. In this subset we did not identify a significant 
effect of pregnancy on patient survival. Thus, pregnancy 
is not associated with decreased survival in patients with 
either Grade II LGG or pilocytic astrocytoma.

We identified radiation therapy as a negative factor 
for survival. The EORTC (European Organisation for 
Research and Treatment of Cancer) 22845 randomized 
controlled trial demonstrated a beneficial effect of early 
radiation therapy on progression-free survival, but not on 
overall survival.29 However, the trial was designed so that 

radiotherapy was either given early or deferred until tu-
mor progression. Hence, the results indicate that the ef-
fect of radiotherapy on overall survival is equivalent when 
radiotherapy is given early or when deferred until tumor 
progression. Therefore, our results can be interpreted as 
the effect of radiotherapy on tumors that have progressed, 
where there is a large remnant, or where the tumor is symp-
tomatic. Hence, it is reasonable that these patients have a 
worse prognosis than patients in whom radiotherapy has 
been deferred. This finding is also in line with another ret-
rospective cohort study identifying radiotherapy as a nega-
tive prognostic factor.27

study strengths and weaknesses
Our study is population based and includes 2 large, 

TABLE 3. Characteristics of delivery, maternal health, and offspring in patients giving birth before and after LGG 
diagnosis

Parameter
Total No. of 
Cases

Births After LGG 
Diagnosis 

Births Before LGG 
Diagnosis p Value

No. of cases 95 374
Mother 
    Age at parturition (yrs)*  469 27/30/33 22/26/29 <0.01†
    Gestational length (wks)* 433 38/39/40 39/40/41 <0.01†
    Epilepsy  469 <0.01‡
    No 68.4% (65) 97.3% (364)
        Yes 31.6% (30) 2.7% (10)
  Birth onset 461 <0.01‡
        Vaginal 73.6% (64) 84.5% (316)
        Induction 14.9% (13) 12.0% (45)
        Caesarean section 11.5% (10) 3.5% (13)
    Caesarean section 59 0.80‡
        Elective 35% (7) 30.8% (12)
        Acute 50% (10) 46.2% (18)
        Unspecified 15% (3) 23.1% (9)
Baby/Child
    Sex  469 0.30‡
        Male 47% (45) 53.5% (200)
        Female 53% (50) 46.5% (174)
    Length (cm)* 454 49/50/51 49/50/52 0.11†
    Weight (g)* 469 3195/3490/3835    3180/3510/3907   0.61†
    Head circumference (cm)* 348 35/35/36 34/35/36 0.91†
    Malformation 469 0.70‡
    No 95.8% (91) 96.5% (361)
        Yes 4.2% (4) 3.5% (13)
    Child status 469 0.41‡
        Alive 98.9% (94) 96.8% (362)
        Dead w/in 24 hrs after birth 0.0% (0) 0.5% (2)
        Dead >3 yrs after birth 0.0% (0) 1.1% (4)
        Stillborn, uncertain time of death 1.1% (1) 0.2% (1)
        Born alive, uncertain status now 0.0% (0) 1.3% (5)

*  25th percentile/median/75th percentile.
†  Mann-Whitney U-test.
‡  Chi-squared test.

J Neurosurg  Volume 125 • August 2016398

Unauthenticated | Downloaded 05/23/23 11:20 PM UTC



pregnancy in patients with low-grade glioma

prospectively maintained registries for which reporting is 
compulsory by law, ensuring that biased selection is highly 
unlikely. Furthermore, the quality of these registries has 
been investigated and found to be good.6,9

Another major study strength is our ability to identify 
a number of patients with LGG who subsequently gave 
birth. Our study includes 65 patients who gave birth af-
ter diagnosis and 281 patients who did not give birth after 
diagnosis. All these patients were in the same age range. 
Thus, the number of patients and the overlapping age vari-
able allowed the use of multivariable statistical methods to 
understand the effect of pregnancy on outcome.

A major limitation is that we do not know the extent to 
which the 2 birth groups differ in their baseline character-
istics for known prognostic variables such as tumor size 
on presentation, eloquence, tumor location, and cognitive 
status.2,3,14,23 Moreover, the CRN does not contain infor-
mation regarding the extent of resection as an individual 
prognostic factor.10 The analysis does incorporate the ef-
fect of histology on survival, but does not include known 
molecular prognostic factors, such as 1p19q deletion status 
or mutations in p53 or IDH1.7 Since the study period spans 
4 decades, there could also be differences in histopatho-
logical criteria for the different tumor entities such that a 
Grade II tumor early in the study period is designated as 
Grade III later in the study period. To circumvent this pos-
sibility, we performed the same analysis including just the 
population who received their diagnosis within the last 20 
years, yielding essentially the same conclusion (results not 
shown—results available upon request).

conclusions
We conducted the largest study to date investigating the 

impact of pregnancy on survival in patients with LGG, and 
we did not identify pregnancy as a significant prognostic 
factor. Thus, it is reasonable to counsel female patients 
with LGG who are in their reproductive years that preg-
nancy does not seem to influence their overall survival. 
However, the patient must also be thoroughly informed 
about the reduced expected overall survival associated 
with LGG, regardless of the decision to become pregnant.
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