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The radiosensitivity of brain 
metastases based upon 
primary histology utilizing 
a multigene index of tumor 
radiosensitivity

A number of retrospective and prospective series have 
assessed local control outcomes of brain metastases 
based on primary histology.1–4 These studies have revealed 
mixed results, with some studies showing poorer local 
control with histologies typically classified as radioresist-
ant, including melanoma and renal cell cancers. The cur-
rent determinants of stereotactic radiation dose are lesion 
size and receipt of previous radiation treatment.5 Histology 
does not routinely play a primary role in the determination 
of radiation dose.

We have previously developed a multigene expression 
model of tumor radiosensitivity.6 This model has been vali-
dated in multiple independent clinical cohorts, including 
breast, rectal, esophageal, head and neck, glioblastoma, pan-
creas, and prostate malignancies.6 This model predicts a radi-
osensitivity index (RSI) that is directly proportional to tumor 
radioresistance (RSI, high index  =  radioresistance). A  recent 
report from our group demonstrated significant differences 
in RSI based on the anatomical location of colon metastases7 
and in liver metastases based on primary histology.8 The pur-
pose of this analysis was to assess the RSI of brain metastases 
based on primary histology.

Patients were identified from the institutional review 
board–approved Total Cancer Care (TCC) prospective obser-
vational protocol at Moffitt Cancer Center. Deidentified data 
from a total of 277 metastatic brain lesions were obtained 
from the TCC meta-data pool. RNA preparation and gene 
expression profiling methods have been described.7 RSI 
was calculated using the previously published ranked 
based algorithm on metastatic brain samples.6 When com-
paring RSI values between groups, the Kruskal‒Wallis test 
was used. For pairwise comparisons, Bonferroni adjusted 
P values were calculated when considering multiple 
comparisons.

The analysis was restricted to primary histologies with at 
least 3 tumor samples, leaving 261 samples for analysis. The 
median RSI for all brain metastases was 0.46 (quartile [Q]1, 
0.40; Q3, 0.52). The most common primary histologies for 
brain metastases were non–small cell lung cancer (n =  138; 

53%), breast adenocarcinoma (n = 42; 16%), melanoma (n = 40; 
15%), and colorectal adenocarcinoma (n = 13; 5%).

Across the group, no significant differences in radiosen-
sitivity were noted. The median RSIs for brain metastases in 
descending order of radioresistance were lung neuroendo-
crine (0.50), esophageal adenocarcinoma (0.49), leiomyosar-
coma (0.49), small cell lung cancer (0.49), melanoma (0.48), 
non–small cell lung cancer (0.46), breast adenocarcinoma 
(0.44), colorectal adenocarcinoma (0.42), and renal cell carci-
noma (0.28), P = 0.13; Fig. 1. No significant differences were 
noted in pairwise comparisons between the histologies (all 
Bonferroni adjusted P > 0.05).

A total of 9 patients had multiple samples available for 
analysis (n = 19). The mean standard deviation for tumor sam-
ples from the same patient with the same histology was 0.01 
(range: 0–0.06). We assessed the degree of consistency among 
repeated RSI measurements within a patient by calculating 
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Fig. 1 Box plot of RSI values based on primary histology. Unfilled dia-
monds represent outliers using the standard 1.5 interquartile range rule.
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the intraclass coefficient. The intraclass coefficient of sam-
ples from the same patient was 0.78 (95% CI: 0.49–0.94, 
P  <  0.001), suggesting an excellent agreement based on 
Cicchetti’s guidelines.

There was a wide distribution that was noted across his-
tologies revealing that radiosensitivity can vary between 
metastases. However, when comparing the median RSI of 
histologies, the majority were found to be radioresistant. 
Across the 14 000 samples in the TCC database, we identi-
fied a cutpoint of 0.375, with samples ≥0.375 deemed to 
be more radioresistant and those samples with an RSI 
of <0.375 deemed to be more radiosensitive.7 Thus, the 
majority of metastatic brain histologies in this study had a 
median RSI that was radioresistant.

Previous studies have revealed mixed results in the 
management of brain metastases based upon primary 
histology. Studies have found worse local control out-
comes with treatment of histologies traditionally thought 
of as being radioresistant (melanoma, sarcoma, and 
renal cell).1,2 However, this finding has not been con-
firmed by a multi-institutional report from Flickinger et al 
and a study by Rades et al.3,4 Given these mixed results 
based on primary histology, it is clear to see why primary 
histology is not a primary determinant of radiotherapy 
dosing.

Our results indicate that radioresistant and radiosen-
sitive brain metastases exist across all histologies, and 
varying RT doses may not be appropriate based on pri-
mary histology of brain metastases. Moreover, since the 
median RSIs of the majority of brain metastases based 
on histology were deemed radioresistant, ablative ste-
reotactic radiosurgery doses may be most appropriate 
to achieve local control. When assessing lesions from 
the same patient, similarity was noted in RSI indicating 
similarity in the radiosensitivity of lesions from the same 
patient. Our findings have implications for future studies 
adjusting dose to brain metastases based on primary his-
tology, suggesting that such a strategy may not improve 
local control outcomes.
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