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The benefit of cytoreductive surgery for glioblastoma 
multiforme (GBM) is unclear, and selection bias in past 
series has been observed. The 5-aminolevulinic acid 
(ALA) study investigated the influence of fluorescence-
guided resections on outcome and generated an extensive 
database of GBM patients with optimized resections. 
We evaluated whether the Radiation Therapy Oncol-
ogy Group recursive partitioning analysis (RTOG-RPA) 
would predict survival of these patients and whether 
there was any benefit from extensive resections depend-
ing on RPA class. A total of 243 per-protocol patients 
with newly diagnosed GBM were operated on with or 
without ALA and treated by radiotherapy. Postoperative 
MRI was obtained in all patients. Patients were allocated 
into RTOG-RPA classes III–V based on age, KPS, neuro-
logical condition, and mental status (as derived from the 
NIH Stroke Scale). Median overall survival among RPA 
classes III, IV, and V was 17.8, 14.7, and 10.7 months, 
respectively, with 2-year survival rates of 26%, 12%, 
and 7% (p 5 0.0007). Stratified for degree of resection, 
survival of patients with complete resections was clearly 
longer in RPA classes IV and V (17.7 months vs. 12.9 
months, p 5 0.0015, and 13.7 months vs. 10.4 months, 
p 5 0.0398; 2-year rates: 21.0% vs. 4.4% and 11.1% vs. 
2.6%, respectively), but was not in the small subgroup of 
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The benefit from cytoreductive surgical therapy in 
the treatment of glioblastoma multiforme is still 
under discussion. Recently, a large, prospectively 

randomized, controlled phase III trial was concluded, 
which demonstrated that a significantly larger number 
of “complete” resections (defined as absence of contrast-
enhancing tumor on early postoperative MRI) could 
be achieved using fluorescence-guided resections with 
5-aminolevulinic acid (ALA)–induced tumor fluores-
cence, compared to conventional microsurgery (65% vs. 
36 %, p , 0.001).1 Historically, complete resections of 
contrast-enhancing tumor (for the sake of brevity “com-
plete” resection in this paper signifies complete resec-
tion of contrast-enhancing tumor on MRI) had only 
been reported in approximately 20% of cases in surgi-
cal series with postoperative imaging.2–6 In contrast, 
the fraction of patients with complete resections within 
the ALA study was 50%. Therefore, the ALA study 
afforded an unprecedented number of patients with 
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complete resections in a highly controlled surgical trial 
investigating malignant gliomas and provided a unique 
background for reassessing the influence of resection on 
survival. To this end, stratification of patients by resec-
tion status did demonstrate longer survival in patients 
with complete resection of contrast-enhancing tumor; 
however, an influence of age was observed on the degree 
of resection,1 confounding the interpretation concern-
ing the causal influence of resection on survival.7 Dif-
ferences in important pretreatment prognostic factors 
among patients with varying resection status and result-
ing selection bias have also been observed in a smaller, 
older series.2

The necessity for considering pretreatment prognostic 
variables when designing and interpreting therapy stud-
ies on malignant gliomas was clearly demonstrated by 
the Radiation Therapy Oncology Group (RTOG), which 
published a nonparametric, recursive partitioning analy-
sis (RPA) of the prognostic variables determined from 
three randomized therapy trials on malignant gliomas.8 
This analysis stratified patients into six treatment classes 
based on incremental improvements of survival. The 
authors concluded that survival differences among the 
resulting patient classes required that clinical trial design 
for malignant glioma patients be tailored to prognosti-
cally homogenous patient subpopulations. The RTOG-
RPA classification has since been validated in a separate 
database and has been used for validation of efficacy of 
various therapies.9–18 It has also successfully predicted 
the efficacy of concomitant therapy using radiotherapy 
and temozolomide,19 as later confirmed by the European 
Organisation for Research and Treatment of Cancer 
(EORTC) 26981/22981-NCIC CE3 study.20 Recently, 
it was demonstrated that RPA retained its prognostic 
power for patients from the EORTC 26981/22981-
NCIC CE3 study when these patients were restratified 
by RTOG-RPA classes.21

To assess the benefits of complete resections we rean-
alyzed the data from the patients from the ALA study 
using the criteria proposed by the RTOG-RPA. We 
hypothesized that stratification according to the prog-
nostic criteria, such as age or KPS, would correct selec-
tion bias that might have shown a positive influence of 
resection on survival. Survival was calculated for each 
treatment class in both groups of patients. Within the 
respective classes, this analysis should have minimized 
the contribution of patient selection in determining sur-
vival in patients with incomplete and complete resec-
tions and allowed firm conclusions regarding the value 
of complete resections in the treatment of malignant 
glioma patients.

Patients and Methods

All patients with WHO grade IV lesions from the ALA 
study were restratified according to the results of early 
postoperative MRI, irrespective of their initial study 
arm. Design and results of the ALA study are described 
elsewhere.1 In brief, the ALA study was a parallel, 
randomized, balanced, group-sequential, two-armed, 

controlled multicenter phase III study of a diagnostic 
procedure (i.e., a procedure facilitating tumor discrimi-
nation during surgery by comparing fluorescence-guided 
resections using ALA with conventional microsurgery). 
Primary study aims were the rate of complete resection 
and the rate of progression-free survival at 6 months. 
The study was not designed to determine the influence 
of fluorescence-guided resection on survival, although 
survival was recorded as a secondary study aim.

Study Population

Patients were enrolled in the ALA study at 17 German 
centers. Patients 18–72 years of age with suspected or 
newly diagnosed untreated malignant gliomas and eligi-
ble for surgery were randomized to either the ALA or the 
white light (WL) control group. Eligible patients were 
required to have tumors with a distinct ring-like pat-
tern of contrast enhancement with thick irregular walls 
on MRI and a core area of reduced signal suggestive 
for tumor necrosis. Patients with tumors of the midline, 
basal ganglia, cerebellum, or brainstem; patients with 
more than one contrast-enhancing lesion; and patients 
with significant, non–contrast-enhancing tumor areas 
indicating low-grade gliomas with malignant transfor-
mation were not included. Further inclusion criteria were 
a KPS .60, no signs for renal or hepatic insufficiency, 
and no history of other malignant tumors. All patients 
provided written informed consent, and the study was 
approved by the ethics committees of the participating 
centers.

Of a total of 322 patients with suspected malignant 
glioma that were randomized, 16 of 161 patients in the 
ALA group, and 18 of 161 patients in the WL group 
had to be discontinued due to ineligible histology (e.g., 
metastasis, abscess, and vasculitis). Thus, 139 patients in 
the ALA group and 131 patients in the WL group quali-
fied for the full analysis set. An additional 19 patients 
were excluded from the per-protocol set due to missing 
postoperative MRI, second resection with 1 week after 
study surgery, loss to follow-up immediately after sur-
gery, or withdrawal of study consent immediately after 
surgery. Per-protocol patients formed the basis for the 
present explorative analysis. Furthermore, histological 
examination showed only eight patients with WHO 
grade III gliomas, so the present analysis was restricted 
to the remaining 243 patients with WHO grade IV 
gliomas. Baseline characteristics of the study are sum-
marized in Table 1.

MRI Assessments

MRIs were performed preoperatively and within 72 
h after surgery. The presence of residual tumor was 
assessed centrally (Department of Neuroradiology, Uni-
versity of Frankfurt) by postoperative MRI (within 72 
h after surgery). Assessors were blinded to treatment 
group. Residual tumor was defined as contrast enhance-
ment with a volume .0.175 cm3. The cutoff volume rep-
resented the size of one voxel in the T1 image and signi-
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individual scans, and the individual volumes summed 
for the final volume.

Treatments

Pretreatment with a dose of 3 3 4 mg/d of dexametha-
sone was obligatory for at least 2 days prior to surgery 
and until early MRI had been obtained (within 72 h 
after surgery). Patients randomized to the ALA group 
received freshly prepared solutions of 5-ALA (20 mg/
kg body weight) orally for 3 h (range, 2–4 h) preceding 
induction of anesthesia.

fied the minimal resolution obtained on MRI. The cutoff 
was defined to prevent interpretation problems when 
distinguishing between tumor and nonspecific enhance-
ment (e.g., small vessels or enhancing pia mater). The 
volumes of compact tumors with spherical geometry 
were calculated by fitting a rotational ellipsoid defined 
by the maximum tumor diameters in the available 
three dimensions. The volumes of cup-shaped, residual 
tumors were calculated by subtracting the volumes of 
the central resection defect from the space defined by 
the outer boundaries of tumors. The volumes of residual 
tumors with complex configuration were segmented on 

Table 1. Original Radiation Therapy Oncology Group recursive partitioning analysis (RTOG-RPA) classes and adapted classes from the 
5-aminolevulinic acid (ALA) study

RPA Class	 RTOG Class	 ALA RPA Study Class

III

  Age (years)	 ,50	 Not included

  Tumor type	 Anaplastic astrocytoma

  Mental status	 Abnormal

  or

  Age (years)	 ,50	 ,50

  Tumor type	 GBM	 GBM

  KPS	 90–100	 90–100

IV

  Age (years)	 ,50	 ,50

  Tumor type	 GBM	 GBM

  KPS	 ,90	 ,90

  or

  Age (years)	 >50	 Not included

  Tumor type	 Anaplastic astrocytoma

  KPS	 70–100

  Symptom time	 Symptoms <3 months

  or

  Age (years)	 >50	 >50

  Tumor type	 GBM	 GBM

  Treatment status	 Resection	 Resection

  Neurological function	 Good neurological function	 NIH SS <2

V

  Age (years)	 >50	 >50

  Tumor type	 GBM	 GBM

  KPS	 70–100	 70–100

  Treatment status	 Resection	 Resection

  Neurological function	 Unfavourable	 NIH-SS >2

  or

  Age (years)	 >50	 Not included

  Tumor type	 GBM

  KPS	 70–100

  Treatment status	 Biopsy only with radiotherapy >54.4 Gy

  or

  Age (years)	 >50	 >50

  KPS	 ,70	 ,70

  Mental status	 Normal	 NIH-SS LOC 1 LOC questions 1 LOC commands 5 0

Abbreviations: GBM, glioblastoma multiforme; NIH-SS, NIH Stroke Scale score; LOC, level of consciousness.
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The study required tumor resections to be as complete 
as considered safely possible by the responsible study sur-
geon. In all patients the tumor was resected using only 
an NC 4 OPMI Neuro FL surgical microscope (Zeiss, 
Oberkochen, Germany), which enabled switching from 
conventional standard xenon light to filtered, violet-
blue excitation light for visualizing fluorescence. In the 
control group the tumor was resected as thoroughly as 
possible under standard white light. In the ALA group 
violet-blue light could be used intermittently to visualize 
the tumor marker (red tissue fluorescence). In all patients 
surgery was required to be followed by standard frac-
tionated radiotherapy with a recommended lesion dose 
of 60 Gy (30 3 2 Gy) and no chemotherapy prior to 
radiological progression, as this was not the standard of 
treatment in centers participating in the study during the 
recruitment period. No restrictions were imposed upon 
therapy after progression.

Recursive Partitioning Analysis

Patients from the ALA study were redistributed based 
on the criteria put forth by the RTOG-RPA classifica-
tion.8 As mentioned, patients with grade III tumors in 
the ALA database were excluded due to their small num-
ber. Thus, no assumptions had to be made for duration 
of symptoms. “Duration of symptoms” was a patient 
characteristic included in the RTOG-RPA analysis for 
identifying class III patients but was not available from 
the ALA database.

The characteristics “mental status” and “neurologi-
cal status” used in the RTOG-RPA analysis were derived 
from the NIH Stroke Scale (NIH-SS) score data col-
lected in the ALA study. In the ALA study the NIH-SS 
was used for assessing individual items of neurological 
function and acute deterioration of these functions as a 
consequence of surgery. The NIH-SS score assesses 15 
neurological functions, grading the severity of impair-
ment for each function individually,22–24 including 
data on the level of consciousness (LOC) per se and 
the LOC as assessed by responses to questions or com-
mands. The latter data were essential to assess “mental 
status” as used in the RTOG-RPA nomenclature. LOC 
per se was evaluated as the following levels: 0 5 alert, 
keenly responsive; 1 5 not alert, but arousable by minor 
stimulation to obey, answer, or respond; 2 5 not alert, 
requires repeated stimulation to attend or was obtunded 
and required strong or painful stimulation to make 
movements (not stereotyped); and 3 5 responded only 
with reflex motor or autonomic effects or totally unre-
sponsive, flaccid, areflexic. To assess LOC responses 
to questions, the patient was asked the month and his 
or her age: 0 5 answered both questions correctly; 1 5 
answered one question correctly; and 2 5 answered nei-
ther question correctly. To assess LOC responses to com-
mands, the patient was asked to open and close the eyes 
and then to grip and release the nonparetic hand: 0 5 
performed both tasks correctly; 1 5 performed one task 
correctly; and 2 5 performed neither task correctly.

Assumptions had to be made concerning the covari-
ate “neurological function” as used in the RTOG-RPA 

classification. In the RTOG-RPA classification, neuro-
logic function is defined as either “good” in RPA class 
III or “neurologic function that inhibits the ability to 
work” in RPA class IV. For the present evaluation it was 
assumed that an NIH-SS score <2 would be an indicator 
for “good neurological function” or the ability to work. 
Data on “the ability to work” were not available from 
the ALA study database.

Statistical Analysis

The Kaplan-Meier method was used for calculating sur-
vival for the patients from the ALA study stratified by 
their RPA class (III, IV, and V). For each class, patients 
were further stratified by their resection status (complete 
vs. incomplete resection) and again compared using the 
Kaplan-Meier method to assess the influence of resec-
tion. Chi-square, Cochran-Armitage trend, and log-rank 
tests were used for comparing patient groups.

Results

Patient Characteristics

Table 2 gives an overview of patient characteristics 
stratified by degree of resection. Patients were well bal-
anced regarding the following factors: sex, preoperative 
tumor volume, KPS, grade IV glioma subgroup, preop-
erative NIH-SS score, preoperative NIH-SS score <2, 
and NIH-SS score of LOC and substrata LOC questions 
and commands. There was a significant age difference 
between patients with complete resection and patients 
with incomplete resection. Restratification of patients 
into RPA classes demonstrated patients to be balanced 
in RPA classes IV and V regarding resection status.

Survival Stratified by RTOG-RPA Class

When comparing glioblastoma patients with complete 
versus incomplete resections, survival was 16.7 versus 
11.8 months (p , 0.0001).7 Overall survival was calcu-
lated for patients restratified according to RTOG-RPA 
classes III, IV, and V. Median survival times were 17.8 
months (95% confidence interval [CI], 13.3–21), 14.7 
months (13.4–16.6), and 10.7 months (8.8–13.3), respec-
tively (p 5 0.0007). These values were associated with 
24-month survival rates of 26.3%, 12.3%, and 6.6% 
(Table 3 and Fig. 1).

Stratifying by resection status demonstrated that 
patients with complete resections survived significantly 
longer in RTOG-RPA classes IV and V than patients 
with incomplete resections. Median survival times in 
patients with complete resections compared to incom-
plete resections were 17.7 months (95% CI, 14.3–22.5) 
versus 12.9 months (10.3–14.7) for class IV (p 5 0.0015, 
Fig. 2) and 13.7 months (8.3–17.6) versus 10.4 months 
(8.10–11.5) for class V patients (p 5 0.0398, Fig. 3). The 
respective 2-year survival rates were 21.0% versus 4.4% 
(class IV) and 11.1% versus 2.6 % (class V, Table 4). For 
the small group of class III patients (Fig. 4), numerical 
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differences did not reach statistical significance (com-
plete vs. incomplete resections: 19.9 months [12.2–34.7] 
vs. 16.3 months [11.8–20.0]; 2-year survival rate: 29.1% 
vs. 21.4%, p 5 0.1429).

Discussion

To date, only one randomized study has compared 
biopsy to resection,25 whereas no prospectively random-
ized studies are available that substantiate an impact 
of the degree of resection of glioblastoma multiforme 
on survival. One nonrandomized study concerning the 
influence of resection on survival noted several preop-

erative prognostic factors, such as age, to be unevenly 
distributed between resection groups.2 This observation 
was repeated in a prospectively randomized ALA study,1 
which investigated the usefulness of ALA-induced fluo-
rescence for improving resection and outcome in patients 
with malignant glioma. Lacroix et al.26 have presented 
a patient series utilizing extensive multivariate analysis 
as a tool to account for such preoperative factors that 
influence prognosis.26 On the other hand, some avail-
able retrospective studies on the influence of resection 
on survival6 are confounded by the lack of information 
on the preoperative distribution of such factors. Such 
studies establish resection status as a prognostic factor 
for survival but only provide limited evidence regard-

Table 2. Preoperative patient characteristics

		  Complete 	 Incomplete 
		  Resection 	 Resection 
Characteristic	 n	 No. (%)	 No. (%)	 p Value

All Patients	 243	 122 (50.2)	 121 (49.8)

RTOG-RPA Relevant Covariates

Age (years)

  <60	 123	 72 (58.5)	 51 (41.5)	 0.0123*

  .60	 120	 50 (41.7)	 70 (58.3)	

KPS

  60	 1	 1 (100.0)	 0	 0.1714**

  70	 24	 10 (41.7)	 14 (58.3)

  80	 30	 10 (33.3)	 20 (66.7)

  90	 109	 59 (54.1)	 50 (45.9)

  100	 79	 42 (53.2)	 37 (46.8)	

Preoperative NIH-SS

  ,2 (favorable neurological function)	 155	 80 (51.6)	 75 (48.4)	 0.560*

  >2 (unfavorable neurological function)	 88	 42 (47.7)	 46 (42.3)

Preoperative NIH-SS LOC (LOC, LOC questions, LOC commands)

  ,1 (normal mental status) 	 130	 114 (94.2)	 116 (95.1)	 0.7843

  >1 (abnormal mental status) 	 13	 7 (5.8)	 6 (4.9)

RTOG-RPA class

  III	 38	 24 (63.2)	 14 (36.8)	 0.579*

  IV	 130	 62 (47.7)	 68 (52.3)

  V	 75	 36 (48.0)	 39 (52.0)

General Covariates

Sex

  F	 90	 48 (53.3)	 42 (46.7)	 0.4545*

  M	 153	 74 (48.4)	 79 (51.6)	

Preoperative tumor volume***

  Median (cm3)	 241	 30.2	 36.4	 0.1306****

  Missing	 2	 1 (50.0)	 1 (50.0)

Postoperative tumor volume***

  0 cm3	 122	 122 (100.0)	 0	 ,0.0001**

  Median (cm3) 	 241	 0	 1.5

Histology (WHO grade IV)

  Gliosarcoma	 15	 7 (46.7)	 8 (53.3)	 0.1455*

  Glioblastoma giant cell	 7	 1 (14.3)	 6 (85.7)

  Glioblastoma multiforme	 221	 114 (51.6)	 107 (48.4)

Abbreviations: RTOG-RPA, Radiation Therapy Oncology Group recursive partitioning analysis; NIH-SS, NIH Stroke Scale score; LOC, level of consciousness; F, female; M, male.

*Chi-square test; **Cochran-Armitage trend test; ***Gadolinium diethylenetriamine pentaacetic acid enhancing tumor on T1 sequence; ****Log-rank test.
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ing the causal influence of resection on survival. Fac-
tors influencing the extent of resection, such as age, 
might simultaneously affect outcome. Ideally, therefore, 
a prospectively randomized trial leading to patient col-
lectives with varying resection status but balanced dis-
tributions of prognostic factors would be necessary to 
evaluate the causal influence of resection. Such a study 
is unlikely to ever be performed, however, because ethi-
cal and practical reasons would render such an endeavor  
questionable.

The ALA study was a surgical trial on a well-defined 
collection of patients with restricted entry criteria 
(resectable tumors, KPS 70–100, age 18–75). Primary 
study aims were the frequency of complete resections 
and 6-month progression-free survival. The study was 
not designed for demonstrating influences on survival. 
In retrospect, the study was underpowered to demon-
strate such differences and suffered from a bias in aug-
mental therapies that favored the control arm; because 
35% of control patients also had complete resections, 

the increase to 65% complete resections in the study 
arm might not have been large enough to elicit statisti-
cal differences in survival, if the effect of resection on 
survival was not overwhelming. Nevertheless, the trial 
contained a large population of patients with complete 
resections (50%), as confirmed by early postoperative 
MRI, which was used in the present analysis. Unfor-
tunately, simple restratification of patients in this study 
by resection status led to two patient populations that 
differed in age.7 Patients with complete resections were 
significantly younger than those without. This imbal-
ance confounded the interpretation of resection as being 
a causal factor for determining survival.

To overcome heterogeneities in known prognos-
tic factors we then stratified patients according to the 
prognostic classes constructed by Curran et al.8 These 
classes model pretreatment and treatment variables in 
over 1,500 patients and have been taken to provide reli-
able “historical” controls, with which results of phase I/
II and II studies have been compared. To our knowledge, 

Table 3. Overall survival data among recursive partitioning analysis (RPA) classes (Curran et al.8) and patients from the 5-aminolevulinic 
acid (ALA) study 

		  RTOG Database			   ALA Study Database (All Patients)a

RPA Class	 Median (Months)	 95% CI	 2-Year Rate (%)	 Median (Months)	 95% CI	 2-Year Rate (%)

III	 17.9	 NA	 35	 17.8	 13.3–21	 26.3

IV	 11.1	 NA	 15	 14.7	 13.4–16.6	 12.3

V	 8.9	 NA	   6	 10.7	 8.8–13.3	   6.6

Abbreviations: RTOG, Radiation Therapy Oncology Group; CI, confidence interval; NA, not available. 

aFavorable neurological function 5 NIH <2; unfavorable 5 NIH .2.
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the present analysis is the first attempt at categorizing 
patients with varying degrees of resection according to 
the RTOG-RPA classes. We wanted to demonstrate that 
survival of patients observed in the original RTOG-RPA 
classification could be mirrored with the surgical col-
lective of patients from the ALA study. Our survival 
results showed differences among RPA classes III, IV, 
and V, demonstrating the feasibility of our approach. 
Interestingly, 2-year survival rates were very comparable 

between the older RTOG-RPA classes and the present 
patient collective. Treatment or selection bias was also 
confirmed using RPA. Class III patients tended to have 
a higher frequency of complete resections than class IV 
and V patients (63% vs. 48%).

The main finding of our analysis, however, was that 
stratification of RPA survival classes showed significant 
survival differences depending on resection status (com-
plete vs. incomplete resection) in the prognostically unfa-
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Fig. 3. Kaplan-Meier estimates of overall survival of 5-aminolevulinic acid (ALA) study patients according to Radiation Therapy Oncology 
Group (RTOG) recursive partitioning analysis (RPA) class V, stratified by resection. Abbreviations: O, observed events; N, total number of 
patients; CR, complete resection; IR, incomplete resection; CI, confidence interval. 
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vorable classes IV and V. Nominal differences in class III 
patients were also noted (19.9 vs. 16.3 months), but due 
to small patient numbers (n 5 24 and 14, respectively) 
the comparison was underpowered and did not reach 
statistical significance (p 5 0.1). Given that RTOG-RPA 
classification alleviates misbalanced prognostic factors in 
the groups treated by complete or incomplete resection 
and in view of the otherwise highly controlled setting in 
which patients were treated, including centralized neu-
ropathological and neuroradiological review and peri-
operative care, the RTOG-RPA classification of patients 
in the ALA study gives strong evidence that complete 
resections influence survival. Compared to the RTOG 
collective of patients, survival appeared much enhanced 
in ALA study patients with complete resections when 
these were allocated to the RTOG-RPA classes (class III: 
17.9 vs. 19.9 months; class IV: 11.1 vs. 17.7 months; and 
class V: 8.9 vs. 13.7 months), whereas patients without 
complete resection were comparable to the expected val-
ues observed in the original RTOG collective.

In this regard it is noteworthy that median residual 
volumes of tumors in patients with incomplete resec-
tions were small (1.5 cm3). This observation signifies 
that patients in the group with incomplete resection 
had a high standard of surgical care, even though their 
resections were incomplete. Furthermore, it suggests 
that even small volumes of residual tumor are associ-
ated with a worse prognosis compared to no visible and 
residual contrast-enhancing tumor.

Conclusions

Survival of patients from the ALA study was correctly 
predicted by the RTOG-RPA classes. Differences in sur-
vival depending on resection status, especially in RPA 
classes IV and V, strongly support a causal influence of 
resection on survival.

Table 4. Overall survival data among recursive partitioning analysis (RPA) classes for patients from the 5-aminolevulinic acid (ALA) study 

			                                             ALA Study Databasea

		  Complete Resection			   Incomplete Resection

RPA Class	 Median (Months)	 95% CI	 2-Year Rate (%)	 Median (Months)	 95% CI	 2-Year Rate (%)

III	 19.9	 12.2–34.7	 29.1	 16.3	 11.8–20.0	 21.4

IV	 17.7	 14.3–22.5	 21.0	 12.9	 10.3–14.7	   4.4

V	 13.7	 8.3–17.6	 11.1	 10.4	 8.10–11.5	   2.6

All	 16.7	 14.3–19	 15.6	 11.8	 10.4–13.7	   3.3

Abbreviation: CI, confidence interval. 

aFavorable neurological function 5 NIH <1; unfavorable 5 NIH .1.
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Fig. 4. Kaplan-Meier estimates of overall survival of 5-aminolevulinic acid (ALA) study patients according to Radiation Therapy Oncology 
Group (RTOG) recursive partitioning analysis (RPA) class III, stratified by resection. Abbreviations: O, observed events; N, total number of 
patients; CR, complete resection; IR, incomplete resection; CI, confidence interval.
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