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Abstract We examined functional outcomes and quality

of life of whole brain radiotherapy (WBRT) with integrated

fractionated stereotactic radiotherapy boost (FSRT) for

brain metastases treatment. Eighty seven people with 1–3

brain metastases (54/87 lung primary, 42/87 single brain

metastases) were enrolled on this Phase II trial of WBRT

(30 Gy/10) ? simultaneous FSRT, (60 Gy/10). Median

overall follow-up and survival was 5.4 months, 6 month

actuarial intra-lesional control was 78 %; only 1 patient

exhibited grade 4 toxicity (worsened seizures); most

treatment related toxicity was grade 1 or 2; 2/87 patients

demonstrated asymptomatic radiation necrosis on follow-

up imaging. Mean (Min–Max) baseline KPS, Mini Mental

Status Exam (MMSE) and FACT-BR quality of life were

83 (70–100), 28 (21–30) and 143 (98–153). Lower baseline

MMSE (but not KPS or FACT-Br) was associated with

worse survival after adjusting for age, number of metas-

tases, primary and extra-cranial disease status. Crude rates

of deterioration ([10 points decrease from baseline for

KPS and FACT-Br, MMSE fall to\27) ranged from 26 to

38 % for KPS, 32–59 % for FACT-Br and 0–16 % for

MMSE depending on the time-point assessed with higher

rates generally noted at earlier time points (B6 months

post-treatment). Using a linear mixed models analysis,

significant declines from baseline were noted for KPS and

FACT-Br (largest effects at 6 weeks to 3 months) with no

significant change in MMSE. The effects on function and

quality of life of this integrated treatment of

WBRT ? simultaneous FSRT were similar to other pub-

lished series combining WBRT ? radiosurgery.

Keywords Brain metastases � Stereotactic radiotherapy �
Phase II Trial

Introduction

Radiosurgery (SRS) alone provides high rates of local

control and high rates of intracranial control when com-

bined with whole brain radiotherapy (WBRT) for brain

metastases (BM) [1–5] but utilization of SRS may be low

where access to dedicated SRS platforms is limited [6].

Linear accelerators with integrated on-board image guid-

ance (IGRT) and intensity modulated radiotherapy(IMRT)

provide an attractive alternative to traditional SRS that may

be more widely available. We conducted a Phase II trial for

patients with 1-3 BM based on a successful Phase I trial of

synchronous WBRT ? FSRT using such an integrated
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platform [7, 8]. Here we report clinical outcomes assess-

ments (COAs) acquired as secondary endpoints on this

trial: Karnofsky Performance Status (KPS), Mini-mental

Status Exam (MMSE) and Functional Assessment of

Cancer Therapy-Brain (FACT-Br).

Methods and materials

Full details regarding the trial are published. Eligibility criteria

were designed to match those of RTOG 9508 and included

maximum of 3 BM (none C 3 cm), extra-cranial cancer con-

trolled or under treatment and KPS C 70. Prior surgery was

allowed as long as there was at least one intra-cranial lesion

in situ; boost to the surgical cavity was not allowed. The co-

primary endpoints for the trial were overall survival and

lesional and intracranial control as measured by serial MRI;

assessment of COAs were planned secondary endpoints.

Patients received 30 Gy/10 fractions WBRT with synchronous

FSRT of 60 Gy/10 fractions. Patient status, toxicity as assessed

by NCI CTC V3 and COAs were collected at baseline and

6 weeks and 3, 6, 9 and 12 months post treatment [8].

Statistics

For all tests P values less than 0.05 were considered statisti-

cally significant and data were analyzed using SAS 9.3.

(Cary, NC, USA) Cox proportional hazards regression was

used to explore relationships between baseline COAs and

survival. The association between baseline COAs and age and

steroid use were evaluated using Pearson correlation coeffi-

cients. Association between baseline COAs and number of

metastases and the extracranial disease status was examined

using unpaired t-tests. Clinically relevant changes in COA

over time were defined as (1) a decline in KPS of 10 points

from baseline (2) a decline in FACT-Br of 10 points from

baseline (3) MMSE less than 27. To account for a ceiling

effect (due to eligibility criteria) we also analyzed (4) fall in

KPS to less than 70. Changes in COA scores over time were

analyzed using a linear mixed model (LMM) approach with a

flexible covariance structure and Dunnett’s test was used to

compare COA means at each time point against baseline [9].

Effect sizes at each time point in the LMM were categorized

as\0.5 small,[0.5 to\0.8 moderate and C0.8 large. At 3

and 6 months COAs for those with and without intra-cranial

progression were compared using unpaired t-tests.

Results

Patient demographics are available in Table 1. Median

overall survival (and median follow-up) for all patients

(n = 87) was 5.4 months [10]. Six-month actuarial

intra-lesional control was 78 %. Only 1 patient exhib-

ited grade 4 toxicity (worsened seizures); most treat-

ment related toxicity was grade 1 or 2. There were

2/87 patients who demonstrated suspected, asymp-

tomatic radiation necrosis on follow-up imaging as

reported by the neuro-radiologist. Mean (Median, Min–

Max) baseline KPS, MMSE and FACT-BR were 83

(80, 70–100), 28 (29, 21–30) and 143 (146, 98–153).

Baseline MMSE was found to be associated (HR (95 %

CI) = 0.81 (0.72, 0.91), p\ 0.001) with overall sur-

vival (Table 2). This association remained significant

when adjustment was made for age, presence of extra-

cranial disease, and number of metastases (HR (95 %

CI) = 0.82 (0.73, 0.93), p = 0.003).While there was no

significant association between baseline COAs with

number of metastases and presence of extra-cranial

disease there were small negative associations between

increasing age and lower baseline KPS (r = -0.29,

p = 0.006) and lower baseline MMSE (r = -0.24,

p = 0.027). Significant negative association between

steroid use and KPS and FACT-Br was noted at

baseline (r = -0.238, p = 0.039, r = -0.381,

p = 0.001) but not at later time points.

� Patient demographics

Mean age 62 (range 23–84 years)

Gender (M/F) 33/54

Histology

Lung 54 (62 %)

Breast 10 (11 %)

GI 9 (10 %)

Renal 5 (6 %)

Miscellaneous 9 (10 %)

Number of brain metastases (total of 148 lesions)

Single 42 (48 %)

Two 29 (33 %)

Three 16 (18 %)

Median lesion size 13 mm (2.0–30.0 mm)

Craniotomy prior to XRT 5/87

Extracranial disease

Present 60 (69 %)

Graded prognostic assessment

Mean (median) 2.0 (2.0)

0–1 11

1.5–2.5 61

3 11

3.5–4 4

Other treatments

Systemic therapy 49 (56 %)

Extracranial XRT 42 (48 %)

432 J Neurooncol (2016) 128:431–436

123



As expected, the absolute number of patients assessable

over time decreased due to disease progression (39/87 alive

at 6 months, 19/87 at 12 months). Overall compliance with

serial assessment of COAs was 80–100 %.Mean baseline

and follow-up KPS, MMSE and FACT-Br with standard

deviations are illustrated in Fig. 1a–c. KPS and FACT-Br

scores tended to fall at 6 weeks post treatment with a

gradual recovery (but still below baseline) over time. Crude

rates of clinicallyrelevant deterioration (Table 3) were

highest for FACT-Br (32–52 %), lowest for MMSE

(3–12 %) and intermediate for KPS (16–26 %) with the

largest changes seen at earlier times (B3 months). Using

the linear mixed models (Table 4) statistically significant

differences from baseline were seen for KPS and FACT-Br

with moderate effect sizes at 6 weeks and 3 months for

KPS and at 6 weeks for FACT-Br. KPS and FACT-Br

scores were slightly lower among patients with intra-cra-

nial progression at 3- and 6 months but not statistically

significant compared to patients without progression.

Discussion

The primary hypothesis regarding local control compared

to historical results (RTOG 9508) of this Phase II trial was

satisfied (intracranial control rate of 78 % at 6 months)

[10]. Secondary COA endpoints are explored here and

compared to the published Phase III literature examining

WBRT ? SRS [2–5]. While the limitations of the COAs

assessed in our study are well recognized [11] these tools

have been extensively utilized in other prospective studies

of BM patients [3, 5, 11–13] and carry advantages of

familiarity, ease of use and relatively low patient and

family burden for completion.

KPS is a provider assessed measure of patient function

and assigns a score from 0 to 100 with patients rated

90–100 being minimally symptomatic or asymptomatic;

patients rated 70–80 being symptomatic but able to carry

on most normal activities and patients rated\70 being

increasingly compromised in their function. KPS is com-

monly used as a stratification criterion for clinical trials and

is incorporated in BM prognostic indices [11, 12, 14].

RTOG 9508 reported 43/76 patients (56 %) in the

Table 2 Effect of baseline

COAs on overall survival model
Unadjusted Adjusteda

Odds ratio (95 % CI) p value Odds ratio (95 % CI) p value

KPS 0.98 (0.96, 1.00) 0.084 0.99 (0.97, 1.02) 0.499

MMSE 0.81 (0.72, 0.91) \0.001 0.82 (0.73, 0.93) 0.003

FACT-BR 0.99 (0.98, 1.00) 0.190 0.99 (0.98, 1.00) 0.187

a Adjusted for age at registration, extracranial disease, more than one mets, and primary site (lung)

Fig. 1 Longitudinal changes in KPS (1a), MMSE (1b) and FACT-Br

(1c) scores over time
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WBRT ? SRS arm with a worse KPS at 6 months [2].

Aoyama noted KPS of\70 in approximately 2/3 of 44

patients followed to 12 months post treatment [3]. Kocher

reported a median time of 10 months for a fall in function

to WHO Performance Status[2 (KPS\60) [15]. In

comparison we noted 20–30 % with a clinically relevant

KPS decline and the largest changes noted at 6 weeks and

3 months post treatment. The reduced discriminatory

ability of KPS at the high end of the scale has been noted

[11, 12] and our entrance eligibility of KPS[ 70 may have

biased our results towards adverse KPS changes (ceiling

effect).

The MMSE was originally developed as a screening tool

for dementia/delirium and uses a series of questions testing

orientation, memory, ability to follow commands as well as

spatial and written ability. A maximum MMSE score is 30

and scores of\27 are associated with clinically relevant

cognitive compromise. Despite its known lack of sensi-

tivity to subtle neurocognitive changes, MMSE has been

commonly used in BM trials [11, 12]. In the RTOG 9508

MMSE decline was noted in 21/50 patients (42 %) at

6 months [2]. In the JPRSOG study, among patients

receiving whole WBRT ? SRS actuarial rates of neu-

rocognitive preservation (freedom from a 3 point decline

or a MMSE\ 27) were approximately 80 % at 6 and

12 months [3, 16]. In comparison, the NCCTG randomized

trial of SRS ± WBRT [17] noted cognitive progression (as

measured by standardized neuro-cognitive tests) among the

majority (88 %) of patients receiving WBRT. In our trial

crude rates of decline in MMSE to\27 were noted in

5–12 % of patients at time points over 12 months but the

changes in MMSE were not statistically significant (per-

haps reflecting the low sensitivity of this scale). Similar to

others [18] we found lower MMSE to be an independent

predictor of worse OS on MVA. Correlations between

lower MMSE and larger volume of BM and edema have

been noted, suggesting MMSE may be a surrogate measure

of volume of intra-cranial disease [16].

The Functional Assessment of Cancer Therapy (FACT)

integrates the effects of treatment and disease to provide an

overall measure of general health related quality of life

(HRQoL) [11]. A brain subscale addresses issues such as

self-assessed cognitive function (e.g. ‘‘I can remember new

things’’), physical functioning (e.g. ‘‘I get frustrated that I

cannot do things that I used to do’’) and symptoms (e.g., ‘‘I

get headaches’’) and the combination FACT-Br has been

validated among patients with primary and metastatic brain

tumors [19, 20]. While specific neurocognitive domains are

not assessable by FACT-Br, a strong association between

neurocognitive function and FACT-Br scores has been

noted [21]. Chang et al. [5] noted no difference in FACT-

Br scores at 4 months in patients treated with SRS alone

versus WBRT ? SRS but did not report on changes com-

pared to baseline. The EORTC reported declines in

HRQoL (EORTC QLQ-BN20 and EORTC QLC-C30)

among patients receiving WBRT with SRS or surgery, with

the greatest differences noted at 2 and 9 months [15]. In

comparison we noted crude rates of clinically significant

Table 3 Crude rates of clinically relevant changes in clinical outcome assessments (COA) versus baseline

COA measure 6wk 3mo 6mo 9mo 12mo

KPS D[ 10 point decrease 15/57 (26 %) 17/46 (37 %) 13/34 (38 %) 8/23 (35 %) 5/19 (24 %)

Absolute KPS\ 70 12/57 (21 %) 9/46 (20 %) 5/34 (15 %) 3/23 (13 %) 2/21 (10 %)

Absolute MMSE\ 27 9/58 (16 %) 6/41 (15 %) 2/31 (6 %) 1/21 (5 %) 0/20 (0 %)

FACT-BR D[ 10 point decrease 34/58 (59 %) 24/42 (57 %) 13/34 (38 %) 7/22 (32 %) 7/20 (35 %)

Table 4 Linear mixed model analyses of differences from baseline and effect size for KPS, MMSE and FACT-Br over time

KPS MMSE FACT-Br

Difference (95 % CI)* Effect size Difference (95 % CI)* Effect size Difference (95 % CI) * Effect size

Week 6 7.7 (1.6, 13.8) 0.52 – – 13.1 (6.0, 20.2) 0.69

Month 3 9.7 (4.0, 15.4) 0.70 – – 7.8 (-1.5, 17.2) 0.37

Month 6 6.3 (-0.2, 12.7) 0.42 – – 8.9 (-0.7, 18.5) 0.23

Month 9 2.0 (-6.5, 10.4) 0.21 – – 6.4 (-4.5, 17.4) 0.09

Month 12 3.8 (-4.1, 11.8) 0.26 – – 10.8 (-2.3, 24.0) 0.24

Overall difference p = 0.006 p = 0.181 p = 0.002

* Confidence intervals about differences from baseline via Dunnett’s multiple comparison illustrated for COA with significant differences from

baseline; moderate to large effect sizes in bold
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deterioration in FACT-Br in about half of patients with the

largest effect size noted at 6 weeks.

WBRT with lesion directed therapy maximizes the

probability of intra-cranial control.The technique examined

here allows efficient delivery of WBRT with lesional

FSRT boost and is deployable using standard IMRT and

IGRT. Exploratory analysis of secondary COA endpoints

suggested effects on function and quality of life were

comparable to that reported in the literature for

WBRT ? SRS delivered on other platforms; were consis-

tent with known toxicity profiles associated with WBRT

[22] and were consistent with modeled comparisons to

sequential WBRT ? SRS [23]. Our COA assessments in

this trial are limited by the instruments used, overall

moderate size patient cohort and patient attrition on trial.

Thus characterization of COAs at later time points and

incorporating effects of factors like histologic subtype were

limited.

Since the initiation of this trial, clinical practice has

shifted away from the routine WBRT in favor of lesion

only treatment with SRS/FSRT because of potential neu-

rotoxicity [17, 24]. High rates of lesional control suggest

the FSRT boost used in this trial (60 Gy/10 fractions) could

be used for lesion treatment only with WBRT held for

salvage of subsequent intracranial failures, in line with

current recommendations [24].Alternatively, early results

suggest preservation of neurocognitive function and

HRQoL may be possible with WBRT with hippocampal

sparing. Incorporating hippocampal sparing into our tech-

nique is another possible strategy to reduce the impact on

COA noted [13, 25].

Conclusions

In this Phase II trial WBRT ? simultaneous FSRT boost

was associated with modest negative impacts on functional

and quality of life outcomes comparable to those reported

for sequential WBRT ? SRS strategies.
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