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Abstract
Purpose  The role of adjuvant fractionated radiotherapy (aFRT) after gross total resection (GTR) of WHO-2 meningiomas 
remains unclear. We aimed to estimate the effect of aFRT on recurrence risk and survival following GTR and subtotal resec-
tion (STR).
Methods  We analyzed 1452 patients with WHO-2 from our international, multicenter database (followed between 1989 and 
2019). Outcomes were recurrence (10-year follow-up) and death (5-year follow-up). Risk estimates were obtained using 
competing risks and survival analysis. Average treatment effects were estimated by G-computation, adjusted for potential 
confounding by age, sex, Simpson grade, Ki-67 proliferation index, location, country group (universal healthcare or not), 
and year of treatment initiation. The robustness of findings was examined through sensitivity analyses.
Results  Overall, 276 of 1452 patients (19.0%) received aFRT. Among GTR patients, unadjusted analysis showed com-
parable recurrence proportions between irradiated and non-irradiated patients (25.5% vs. 22.8% within 5 years). Adjusted 
analyses provided no evidence that aFRT reduced the risk of recurrence (largest difference: −2.7%, 95% CI −5.6 to 0.2); 
although, the CIs include the possibility of small beneficial effects. In STR patients, aFRT was associated with reduced recur-
rence risk in both unadjusted and adjusted analyses. Unexpectedly, a higher mortality was observed among irradiated GTR 
patients, largely driven by older patients with low Ki-67 PI receiving aFRT. Sensitivity analyses showed similar results for 
patients with STR but discrepancy in estimates for those with GTR.
Conclusion  Adjuvant FRT showed a consistent reduction in recurrence risk after STR while inconsistent recurrence risk 
estimates were observed for patients with GTR. The findings reflect efficacy of aFRT using real-world data without standard-
ized guidelines.
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Background

While the primary treatment for WHO-2 meningioma is sur-
gical resection, adjuvant fractionated radiotherapy (aFRT) 
continues to play a role in the management of patients. A 
subtotal resection (STR, Simpson grade 4) leaves a known 
residual that can be treated with aFRT or single fraction ste-
reotactic radiosurgery (SRS) for local disease control [1]. 
However, evidence on the role of aFRT to prevent recur-
rence and improve overall survival following gross total 
resection (GTR; Simpson grade 1–3) to eradicate micro-
scopic disease remains unclear [1]. Previous results have 
demonstrated a reduced risk of recurrence [2–6], while other 
studies have found no such difference between irradiated 
and non-irradiated patients [7–9]. The 5-year risk of recur-
rence for WHO-2 GTR patients receiving aFRT has been 
reported between 0% and up to approximately 50% [2, 4–6, 
10], likely reflecting the heterogeneity of relatively small 
cohort sizes, different study designs, varying time periods, 
and variable follow-up.

Studies investigating the effect of aFRT on overall sur-
vival for patients with and without GTR are more limited. 
The largest retrospective cohort study to date, based on 
2515 WHO-2 patients identified in The National Cancer 
Database, reported an overall survival benefit for STR 
patients who received aFRT. In contrast, no such benefit 
was observed for WHO-2 patients who underwent GTR and 
received aFRT [11]. These findings align with observations 
from other studies, which have similarly reported an over-
all survival benefit associated with aFRT in patients with 
STR [12–15]. Unfortunately, these studies did not consis-
tently differentiate between aFRT and SRS and are either 
compiled from retrospective studies of variable quality or 
based on the Surveillance, Epidemiology, and End Results 
(SEER) database with known limitations related to radiation 
oncology.

Robust data from prospective trials is required to guide 
evidence-based decisions on whether to administer aFRT 
in the clinical management of WHO-2 meningiomas. Cur-
rently, the ROAM/EORTC-1308 (ISRCTN71502099) and 
NRG-BN003 (NCT03180268) trials are the only random-
ized controlled trials undertaken that randomize WHO-2 
patients after GTR; the EORTC-1308 trial closed in 2021, 
with its results still pending, while the BN003 trial is 
expected to accrue patients until 2027 [16].

Using our international, multicenter database, our objec-
tives were to (1) estimate and compare the risk of recur-
rence and death in WHO-2 meningioma patients either 
receiving FRT as an adjuvant treatment to GTR and STR, or 
not receiving aFRT, accounting for potential confounders; 
to (2) assess the robustness of these risk estimates; and to 

(3) examine trends in the usage of aFRT over the past two 
decades in published WHO-2 cohorts.

Methods

Database and study population

The PERNS (PERsonalized NeuroSurgery) database is a 
multicenter, international, retrospective database including 
adult patients who underwent resection of an intracranial 
meningioma. The database includes 7992 patients collected 
from 42 different institutions, who were diagnosed, surgi-
cally treated, and followed over a three-decade period from 
1989 to 2019 [17]. Participating institutions contributed 
data collected from consecutive series of surgically treated 
meningioma patients. Data review was performed locally by 
representative physicians from various departments, includ-
ing neurosurgery, neuropathology, neurology, and radiation 
oncology. Since data contributions were not collected in a 
uniform manner across centers, some variables were miss-
ing for certain sites.

Variables to adjust for confounding and 
stratification

The following variables were included in the analyses: age, 
sex, WHO grade, Simpson grade, aFRT, Ki-67 PI, country, 
and year of treatment initiation. Simpson grade was deter-
mined intraoperatively by the neurosurgeon.

Inclusion and exclusion criteria

Figure 1 delineates a flowchart of data exclusion and inclu-
sion. In summary, patients included in the study cohort 
were older than 18 years, classified according to the 2007 or 
2016 edition of the WHO classification, and had undergone 
resection of an intracranial WHO-2 meningioma. Patients 
with missing data on variables of interest were excluded as 
well as patients who received SRS, focusing exclusively 
on aFRT. In addition, patients who experienced recurrence 
or death within the first month could not be distinguished 
between those who had not yet started aFRT treatment and 
those who would not receive it and were therefore excluded. 

Exposure of interest

Patients who received aFRT following either GTR or STR 
were compared with those who did not receive this treatment 
following initial surgery of a primary WHO-2 meningioma.
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Outcomes of interest

Clinical endpoints included recurrence within 10 years post-
operatively and death within 5 years, recognizing that mor-
tality in this elderly population may be influenced by factors 
beyond aFRT and meningioma. Recurrence was defined by 
MRI or CT imaging where either increase in size of a known 
residual tumor or appearance of tumor growth after previous 
gross total removal was detected. Most data were accrued 
before publication of EANO guidelines or the introduction 
of standardized radiographic assessment criteria for menin-
giomas, hence the assessments were not standardized [1, 
18]. However, all contributing centers are specialized, mul-
tidisciplinary institutions with systematic follow-up where 
new clinical symptoms would lead to scanning. Since aFRT 
is typically initiated weeks to months after surgery, patients 
receiving aFRT will by definition remain recurrence-free 
until treatment initiation. We acknowledge that this intro-
duces immortal time bias during the early postoperative 
period; however, events occurring within this early period 
are rare and unlikely to substantially affect the results. 

Patients were censored alive and recurrence-free at the last 
recorded clinical follow-up if no event was observed.

Statistical analysis

Death without a prior recurrence was considered a compet-
ing event, which was accounted for when analyzing the risk 
of recurrence [17]. We did not have information on toxici-
ties related to aFRT.

The Aalen-Johansen method was used to describe 
the cumulative proportions (i.e., the unadjusted risks) of 
patients who had experienced a recurrence among those 
who received aFRT and those who did not [17]. In this anal-
ysis, patients were followed until 10 years postoperatively, 
and these results were generated for patients stratified based 
on the extent of resection (GTR vs STR). The Kaplan-Meier 
method was used for the analysis of death.

Regression standardization (also known as G-computa-
tion) was used to estimate the average risk of recurrence 
(and death) for a patient that would be randomly assigned to 
receive vs not to receive aFRT. It estimates what could be 

Fig. 1  Flowchart over data 
inclusion and exclusion - from 
the PERNS database to the study 
population. Abbreviations: gross 
total resection (GTR), subtotal 
resection (STR)
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Characterization of irradiated WHO-2 patients

In total, 276 out of 1452 patients received aFRT (19.0%). 
Patients with GTR who received aFRT had a higher Ki-67 
PI (median of 10%) compared with those who did not 
receive aFRT (median of 7%), suggesting that more aggres-
sive features led to referral for adjuvant treatment (Table 
1). In addition, patients receiving aFRT were also slightly 
younger (median 55 vs. 60 years). In contrast, for patients 
with STR, Ki-67 PI levels were similar between the irra-
diated and non-irradiated patients, while patients selected 
for aFRT were younger with less than 13% (vs. 24%) being 
older than 70 years (Table 1). 

The India cohort had the highest within-country propor-
tion of aFRT-treated WHO-2 patients, with 68.1% (32 out 
of 47) of its cohort receiving aFRT (Supplementary Figure 
1A). Other countries with a high proportion of aFRT use 
within their cohorts included Japan (35.7%), South Korea 
(35.3%), and the USA (30.9%). In contrast, cohorts from 
countries such as Brazil, France, and Sweden reported no 
cases of aFRT. Among all aFRT-treated patients in the entire 
study population (n = 276), the majority came from cohorts 
in South Korea (30.8%), followed by cohorts in China 
(18.5%), the USA (18.1%), and India (11.6%) (Supplemen-
tary Figure 1B).

Recurrence and aFRT

For GTR patients, unadjusted analyses showed similar 
recurrence rates between the irradiated and non-irradi-
ated groups. Within 5 years post-surgery, recurrence was 
observed in 22.8% (95% CI: 19.9 to 25.7) of patients with-
out aFRT compared to 25.5% (95% CI: 17.8 to 33.3) of 
patients treated with aFRT (Fig. 2A). Among patients with 
STR who received aFRT, the proportion with recurrence 
was lower than in those not receiving aFRT. The 5-year 
recurrence proportions were 33.1% (95% CI, 22.4–43.8) vs 
52.5% (95% CI, 43.7–61.3), respectively (Fig. 2B). 

The main analysis, adjusted for confounders, showed that 
the difference in risk of recurrence was estimated close to 
0% at all examined time points when comparing irradiated 
and non-irradiated patients with GTR. The largest estimated 
contrast was a −2.7% -point difference (95% CI: −5.6 to 0.2, 
p = 0.07) at 1-year post-surgery. Risk differences for GTR 
patients thus remained centered around zero with overlap-
ping confidence intervals, indicating no measurable treat-
ment effect within the observed period. For patients with 
STR, the risk difference for recurrence was statistically 
significant at both 1 and 5 years, ranging from −9.1% to 
−19.1%, indicating an early and sustained benefit of aFRT 
(Fig. 3). The widening of the confidence intervals over time 

obtained in a randomized trial with an unadjusted risk anal-
ysis, where treatment assignment is independent of patient 
characteristics (when assuming that all potential confound-
ers are adjusted for in the analysis) [19].

The risk difference between those who would receive 
aFRT and those who would not (with 95% confidence inter-
vals [CI]) was reported at specified timepoints: 1.0-, 1.5-, 
2.0-, 5.0-, and 10-years post-surgery. These were obtained 
from a multiple logistic regression model, which was fit-
ted via inverse probability of censoring weighting [20], 
and adjusted for: aFRT (yes/no), age groups ( < 50 years, 
between 50 and 70 years, and > 70 years at diagnosis), intra-
cranial location (skull base and non-skull base), sex, a coun-
try group with two levels based on universal health care 
coverage and accessibility (accounting for countries with 
different health-care systems; Group 1: Canada, Denmark, 
France, Germany, Hungary, Italy, Japan, Norway, South 
Korea, Spain, Sweden, and Switzerland. Group 2: Brazil, 
China, India, and USA), time period in which the patients 
were treated in ( < 2000, 2000 to 2007, > 2007) and Ki-67 PI 
group ( < 4, 4 to 8, > 8). Interaction terms were included to 
account for how the effect of aFRT may vary with (1) the 
Ki-67 PI and (2) the time period (of treatment initiation). 
The censoring weights were computed using the Kaplan-
Meier method stratified on calendar year and whether aFRT 
was received.

Sensitivity analysis

The average treatment effect was also estimated using pro-
pensity score weighting, which assigns weights to each 
individual based on the inverse probability of receiving 
aFRT given the covariates described above [20]. In contrast, 
G-computation (main analysis) models the outcome condi-
tional on these covariates.

Results

Study cohort

The cohort included 1452 patients and was followed for 8379 
person-years, with a median follow-up of 5.5 years (range: 
0.1 to 22.8 years) [21]. During follow-up, 394 patients had a 
recurrence while 195 patients had died, of which 94 met this 
endpoint before having a recurrence. A total of 964 patients 
were censored alive and without a recurrence at the end of 
follow-up.
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Table 1  Clinical characteristics, demographics, and covariate distribution between non-irradiated and irradiated patients with GTR or str
Gross Total Resection
n = 1,202

Subtotal Resection
n = 250

No aFRT
(n = 1,018)

Received aFRT
(n = 184)

No aFRT
(n = 158)

Received aFRT
(n = 92)

Age group
Median, IQR 60 (49, 69) 55 (47, 62) 59 (47, 68) 57 (48, 65)

 < 50 years 261 (26%) 62 (34%) 46 (29%) 30 (33%)
50 to 70 years 535 (53%) 113 (61%) 74 (47%) 50 (54%)

 > 70 years 222 (22%) 9 (5%) 38 (24%) 12 (13%)
Sex

Female 605 (59%) 108 (59%) 95 (60%) 42 (46%)
Male 413 (41%) 76 (41%) 63 (40%) 50 (54%)

Simpson grade
1 435 (43%) 48 (26%) 0 (0%) 0 (0%)
2 300 (29%) 54 (29%) 0 (0%) 0 (0%)
3 130 (13%) 22 (12%) 0 (0%) 0 (0%)
4 0 (0%) 0 (0%) 158 (100%) 92 (100%)

Reported as “GTR”
Simpson grade ≤3

153 (15%) 60 (33%) 0 (0%) 0 (0%)

Country group
Universal health care 777 (76%) 93 (51%) 110 (70%) 50 (54%)

No universal health care 241 (24%) 91 (49%) 48 (30%) 42 (46%)
Year of treatment

 < 2001 101 (10%) 5 (3%) 10 (6%) 7 (8%)
 < 2007 193 (19%) 30 (16%) 30 (19%) 18 (20%)
≥2007 724 (71%) 149 (81%) 118 (75%) 67 (73%)

Radiation dose in Gy
(Median, IQR*)

0 (0, 0) 58 (54, 60) 0 (0, 0) 58 (54, 60)

Ki-67 PI
(Median, IQR*)

7 (5, 10) 10 (7, 13) 7 (4, 10) 8 (5, 11)

Tumor location
Non-skull-base 741 (73%) 138 (75%) 93 (59%) 45 (49%)

Skull-base 277 (27%) 46 (25%) 65 (41%) 47 (51%)
Abbreviations. IQR: interquartile range denotes 1Tst a nd 3rd quartile. GTR: gross total resection. STR: subtotal resection. Ki-67 PIs: Ki-67 
proliferation index

Fig. 2  Comparison of proportions of patients who had a recurrence 
among those who received adjuvant fractionated radiotherapy to those 
who did not (using non-parametric Aalen-Johansen method). A: the 

proportion of recurrence among patients with gross total resection. B: 
the proportion of recurrence among patients with subtotal resection
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similar between the irradiated and non-irradiated patient 
groups. These results could suggest that residual confound-
ing exists, which may explain the unexpected 10.3% differ-
ence in 5-year survival probability presented above. 

Post-hoc analysis: robustness of the recurrence risk 
estimates

A sensitivity analysis was performed by excluding data 
from the South Korean cohorts in the recurrence risk analy-
sis. This was motivated by (1) the above observation in the 
analysis of death and (2) the fact that approximately 31% of 
FRT cases were sourced from these cohorts, which is higher 
than for the other cohorts (Supplementary Figure 1B).

In this analysis and among GTR patients, the 5-year 
recurrence proportion was 23.0% (95% CI: 19.8 to 26.1) 
without aFRT and 13.1% (95% CI: 5.6 to 20.5) with aFRT 
(Fig. 5A). For STR patients, the proportion of recurrences 
remained consistent whether data from South Korean 
cohorts were included or excluded (with lower proportions 
seen in those receiving aFRT, Fig. 5B). 

Supplementary Figure 5 presents re-analysis of the 
main results but with data from the South Korean cohorts 
excluded, now demonstrating a benefit of aFRT in GTR 
patients. For STR patients, the estimated short-term ben-
efit of aFRT was no longer present. However, the estimated 
long-term benefit of aFRT remained significant regard-
less of whether data from the South Korean cohorts were 
included or excluded.

likely reflects increasing uncertainty due to fewer patients 
remaining at risk during later follow-up. 

Sensitivity analysis using propensity score 
weighting

The resulting average treatment effect estimates were highly 
concordant with those from the main analysis, for both gross 
total and subtotal resections, supporting the robustness of 
the main findings to potential model misspecification due to 
unmeasured confounding (Supplementary Figure 2).

Overall survival and aFRT

Based on the main analysis, the results indicated that GTR 
patients who would receive aFRT had a significantly higher 
5-year risk of death compared to those who would not 
receive it, with a 10.3% risk difference (95% CI: 1.1 to 19.6, 
p = 0.03, Supplementary Figure 3). Further exploratory 
analysis was performed and included Kaplan-Meier anal-
ysis in subgroups defined by age groups (above vs below 
60 years) and Ki-67 PI (above vs below 8%, the median). 
The subgroups indicated that the estimated effect was pri-
marily driven by older GTR patients ( > 60 years) with low 
Ki-67 PIs ( < 8%) who had received aFRT (Fig. 4). As shown 
in Supplementary Figure 4, 50% of the older GTR patients 
with a Ki-67 PI below 8% and who received aFRT were 
from the South Korean cohorts. When data from the South 
Korean cohorts were excluded, the 5-year risk of death was 

Fig. 3  Risk of recurrence at the 
specified time points (y-axis). 
The estimated risk difference is 
the absolute difference between 
the risk for those who would 
receive adjuvant fractionated 
radiotherapy subtracted by the 
risk estimate for those who would 
not. In addition to the (abso-
lute) risk difference is also the 
corresponding 95% confidence 
intervals and P-values. The risk 
estimate was obtained using stan-
dardization (G-computation) by 
utilizing logistic regression with 
right-censored data, fitted via 
inverse probability of censoring 
weighting
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time trend was observed, with approximately 30% to 40% 
receiving aFRT during the study periods (Figure 6B). 

Discussion

No evidence of differences in meningioma recurrences 
were found between irradiated and non-irradiated patients 
with GTR when analyzing the entire cohort; however, these 
results were particularly sensitive to the composition of the 

Time trends associated with the application of aFRT

A gradual increase in the use of aFRT for patients with GTR 
throughout the study period was observed (Fig. 6A). Ini-
tially, none of the patients diagnosed before 1995 (n = 28) 
were treated with aFRT. This percentage increased to 6.4% 
for treatments given between 1995 and 2000 (n = 78), 14.5% 
for those treated between 2000 and 2005 (n = 152), and 
eventually reached 21.8% for patients treated after 2015 
(n = 271) (Fig. 6A). In contrast, for patients with STR, no 

Fig. 5  Sensitivity analysis exploring the robustness of observations 
presented in Fig. 2, but now excluding South Korean cohorts. Com-
paration of proportions of patients who had a recurrence among those 
who received adjuvant fractionated radiotherapy to those who did not 

(using non-parametric Aalen-Johansen method). A: The proportion of 
recurrence among patients with gross total resection. B: The propor-
tion of recurrence among patients with subtotal resection

 

Fig. 4  Unadjusted survival probability for patients with gross total resection when including data from South Korean cohorts, estimated using the 
Kaplan-Meier method
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undergoing a STR with a primary WHO-2 meningioma [10, 
23]. The question of efficacy of aFRT for WHO-2 meningio-
mas undergoing GTR remains inconclusive in our analysis. 
Pooling large amounts of data from diverse centers could not 
resolve the existing uncertainty about the general efficacy of 
aFRT. Instead, the study demonstrated differences in aFRT 
effects in real-world settings without standardized proto-
cols. Figure 6 further shows that time period alone appeared 
to influence aFRT use among GTR patients, underscoring 
temporal and institutional variability in practice. The find-
ings can only reflect, that efficacy of aFRT must be evalu-
ated in reference to the population treated. Indications for 
aFRT need to be refined since aFRT, like any treatment, can 
cause complications that must be balanced with potential 
benefit in each potential study-population.

Regional differences and time trends

Previous studies indicate that aFRT for WHO-2 meningio-
mas is beneficial with STR, large size of tumor, younger age, 

data included. Subgroup analysis suggested that the untow-
ard results were largely driven by outcomes in patients 
with lower Ki-67 PIs and age above 60.0 years (sourced 
from South Korean cohorts). The higher mortality observed 
among elderly GTR patients with low Ki-67 likely reflects 
multiple interacting factors rather than a direct treatment 
effect. Treatment-related toxicity may play an important 
role, as older patients are more susceptible to radiation-
induced complications and its administration has been asso-
ciated with negative survival benefits in this subgroup [22]. 
In addition, underlying frailty, comorbidities, and potential 
selection bias - where radiotherapy may have been offered to 
borderline-fit patients with limited expected benefit - could 
further contribute to this finding. When patients from these 
South Korean cohorts were excluded, a benefit for aFRT 
after GTR of WHO-2 meningiomas was observed. The only 
consistent finding across centers was long-term disease 
control for STR patients receiving aFRT compared to those 
who did not, which is in line with prospective data show-
ing improved outcomes for patients receiving aFRT when 

Fig. 6  The proportion of patients 
receiving adjuvant fractionated 
radiotherapy or not for different 
time periods. A: Patients with 
gross total resection. B: Patients 
with subtotal resection
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individual institution level and the ability to compare varia-
tions across such different settings.

The primary limitation of our study is the potential selec-
tion bias, and the uncertain representativeness of the cohorts 
included in the PERNS database used to estimate the aver-
age causal effect of aFRT. The criteria for cohort selection 
or exclusion may not be consistently controlled as data con-
tributions were compiled from multiple cohorts without a 
standardized inclusion framework. This heterogeneity limits 
our ability to ensure that the included cohorts comprehen-
sively represent the global population of WHO-2 menin-
gioma patients. Conversely, there are no evidence-based 
guidelines available, implying that”general representative-
ness” does not currently exist for WHO-2 patients receiving 
aFRT or not. As in many retrospective meningioma series, 
standardized radiographic criteria for recurrence were not 
available during most of the individual study periods [18]. 
While this is recognized as a limitation, it reflects the his-
torical context of data acquisition precluding a unified ret-
rospective meningioma series. However, all participating 
centers are specialized, multidisciplinary institutions with 
structured follow-up procedures, which ensued a certain 
level of clinical consistency. Finally, time to recurrence is 
defined by the first positive follow-up scan rather than when 
tumor regrowth biologically occurred. This inherent “inter-
val bias” is an unavoidable limitation; moreover, we cannot 
exclude that variable intervals of follow-up may obfuscate 
precision of recurrence detection.

In addition, the lack of toxicity data limits interpretation 
of risk-benefit which is a key part of decision making for 
these patients. Finally, we lacked standardized information 
on radiation therapy details, such as fractionation scheme, 
target definition, or treatment modality (e.g., intensity-mod-
ulated radiotherapy [IMRT] vs. three-dimensional confor-
mal radiotherapy [3D-CRT]), and of which may also have 
contributed to heterogeneity in treatment effects across cen-
ters and over time.

The diagnostic criteria for WHO-2 meningiomas have 
changed throughout the study period (from 2007 to 2016); 
however, a previous study showed that re-classification 
affects only 3.9% of WHO-1 patients due to the added brain 
invasion criterion, suggesting only a minor impact on the 
presented results [27].

Molecular subgroups and classifiers are increasingly con-
sidered in diagnostics with more consistent prognostication 
of meningiomas [28–32]. Molecular data were not available 
in this study, and the extent to which this may have influ-
enced the results is unknown. Atypical WHO-2 meningio-
mas have previously been shown to segregate into “benign,” 
“intermediate,” and, less frequently, “malignant” methyla-
tion classes, reflecting the biological heterogeneity within 
this group [28]. Given these differences, variable responses 

and fewer comorbidities [5–7, 24, 25]. In this study, patients 
who received aFRT showed similar characteristics, as they 
typically had STR, were younger, and were diagnosed with 
higher Ki-67 PIs compared with patients not receiving aFRT. 
Obviously, radiation treatment was offered based on clinical 
deliberation, which differed between countries and centers. 
Cohorts from South Korea, China, and the USA accounted 
for 68% of the irradiated patients combined, while the non-
irradiated patients were from other sites. Hence, identical 
patient conditions might lead to the administration of aFRT 
in cohorts from one country but not in another, indicating 
differences in practice. Additionally, patient factors and 
aFRT characteristics may differ regionally leading to differ-
ences in outcomes even after the same treatment paradigm, 
underscoring that estimates depend on the composition of 
the included data. These observations highlight the inherent 
heterogeneity of real-world data and the challenges it poses 
for estimating treatment effects across such diverse settings.

The proportion of GTR patients receiving aFRT 
increased from the earliest period (before 1995) to the most 
recent period (from 2015 onwards). The radiation technol-
ogy advanced considerably over three decades such that it is 
possible that the reduction of radiation toxicities has made 
it more acceptable to offer aFRT to reduce recurrence risks. 
In contrast, the proportion of patients with STR receiving 
aFRT was relatively stable across the examined time peri-
ods, ranging between 30 and 40%. Regardless, time varying 
practices may contribute to inconsistencies in outcomes and 
require consideration when interpreting data across centers.

Search of evidence-based clinical guidelines for 
aFRT in WHO-2 meningioma

Evidence from clinical trials on aFRT for WHO-2 menin-
giomas remains limited. The RTOG 0539 phase-II obser-
vational trial on intermediate-risk meningiomas (WHO-2 
with GTR or WHO-1 with STR; n = 48) reported a 3-year 
progression-free survival of 93.8% following aFRT. How-
ever, merging these two clinically distinct groups, rather 
than differentiating between them, may be considered a 
limitation – especially with a relatively short-term endpoint 
(3 years), reflecting a follow-up during which most of these 
lesions do not typically recur [10]. Similarly, the EORTC 
22,042–26042 phase-II observational trial reported a 3-year 
progression-free survival probability of 88.7% for WHO-2 
with GTR (n = 56) after aFRT [26].

Strength and limitation

The major strength of this study is its large sample size, 
which enables the exploration of potential differences at the 
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