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Abstract

Purpose—To determine the benefit of radiation therapy (RT) in resolution of neurologic 

symptoms and deficits and whether the type of RT fields influences central nervous system (CNS) 

control in adults with CNS leukemia.

Methods and Materials—A total of 163 adults from 1996 to 2012 were retrospectively 

analyzed. Potential associations between use of radiation and outcome were investigated by 

univariate and multivariate analysis.

Results—The median survival time was 3.8 months after RT. Common presenting symptoms 

were headache in 79 patients (49%), cranial nerve VII deficit in 46 (28%), and cranial nerve II 

deficit in 44 (27%). RT was delivered to the base of skull in 48 patients (29%), to the whole brain 

(WB) in 67 (41%), and to the craniospinal axis (CS) in 48 (29%). Among 149 patients with a total 

of 233 deficits, resolution was observed in 34 deficits (15%), improvement in 126 deficits (54%), 

stability in 34 deficits (15%), and progression in 39 deficits (17%). The 12-month CNS 

progression-free survival was 77% among those receiving CS/WB and 51% among those receiving 

base of skull RT (P = .02). On multivariate analysis, patients who did not undergo stem cell 

transplantation after RT and base of skull RT were associated with worse CNS progression-free 

survival.
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Conclusions—Improvement or resolution of symptoms occurred in two thirds of deficits after 

RT. Comprehensive radiation to the WB or CS seems to offer a better outcome, especially in 

isolated CNS involvement.

Introduction

Leukemia involving the central nervous system (CNS) has traditionally resulted in a very 

poor prognosis, with efforts focused on preventing CNS relapse rather than treatment once 

relapse has occurred (1, 2). Without CNS prophylaxis, CNS involvement occurs in <5% of 

patients with acute myeloid leukemia (2) compared with 25% to 50% in patients with 

lymphoid leukemias. The use of radiation therapy (RT) has been marginalized over the past 

2 decades with the introduction of upfront CNS penetrating chemotherapy with high-dose 

methotrexate and cytosine arabinoside. There is also the added concern about the 

unwarranted side effects of RT (3–6).

With the increasing number of patients who undergo multiple salvage regimens and thus 

survive multiple systemic relapses, CNS relapse and its treatment have emerged as important 

components of the disease course (7–10). Previous work has been done to clarify the 

symptoms of CNS leukemia and the benefit of RT; however, little information exists 

regarding extent of the optimal RT field (11–14). To control CNS disease, RT can be focused 

on the base of skull, the whole brain, or the entire craniospinal axis. The purpose of this 

study was to clarify the presentation of CNS leukemia, determine the benefit of RT in 

symptom resolution, and assess which factors, including the type of RT, influence CNS 

control in adults with CNS leukemia treated in the modern era.

Methods and Materials

The institutional review board of our institution approved this study (DR10-0992). A 

retrospective analysis was conducted of 229 patients with pathologic or radiographic 

evidence of CNS leukemia treated with RT between January 1, 1996, and December 31, 

2012. Patients under 18 years of age (n=66) were excluded. Pediatric patients were excluded 

because of disparities in treatment regimens among these patients. Available pathologic 

results were confirmed by a hematopathologist at our institution. Demographic information 

was obtained, including age, gender, race, and date of diagnosis. CNS disease at presentation 

or relapse was confirmed by any of the following: (1) the demonstration of blast cells within 

the cerebrospinal fluid (CSF) (ruling out blood contamination in patients with circulating 

blasts cells in peripheral blood at the time of the lumbar puncture) according to criteria set 

for the European Organization for Research and Treatment of Cancer study 58,881 (15); (2) 

computed tomography (CT) or magnetic resonance imaging (MRI) results strongly 

suggestive of leptomeningeal spread; and (3) new onset of neurologic deficits in the setting 

of presenting or relapsed leukemia that could not be explained by another cause. Treatment 

characteristics included the type of RT, previous systemic treatments, intrathecal (IT) 

treatments, and stem cell transplantation. Typical base of skull, whole brain, and 

craniospinal axis fields are shown in Figure 1.
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Study endpoints

CNS progression was defined as positive CSF cytology, radiographic evidence of gross 

disease, or new onset of neurologic deficits after completion of RT for CNS disease.

Statistical analysis

Data analysis was performed with Stata/IC 12.0 statistical software. Pearson’s χ2 analysis 

was used to assess measures of univariate association in frequency tables. Unadjusted 

associations between treatment groups and outcomes were compared by survival analysis 

and the Kaplan-Meier log rank test. A P value ≤.05 was considered to be statistically 

significant. Statistical tests were based on a 2-sided significance level.

A Cox proportional hazards model was used for both univariate and multivariate analyses to 

assess the effect of patient characteristics and other prognostic factors of significance on the 

endpoint, which was CNS progression-free survival. All variables were assessed on a 

univariate basis, and factors with significance of .25 or less were assessed for multivariate 

analysis by the use of backward elimination. The estimated hazard ratio with 95% 

confidence interval is reported.

Results

A total of 163 patients met the inclusion criteria. Baseline patient and treatment 

characteristics are included in Table 1. A total of 106 patients were male (65%), and the 

median age was 35 years (range, 18–79 years). acute myeloid leukemia (AML), was present 

in 66 patients (41%), acute lymphoblastic leukemia (ALL), in 66 patients (41%) and chronic 

myeloid leukemia (CML)/chronic lymphocytic leukemia (CLL) in 28 patients (17%). 

Pathology via biopsy or positive CSF findings was detected in 59 patients (36%), with 

imaging findings positive in 26 patients (16%) and both via biopsy or positive CSF findings 

and imaging findings in 67 patients (41%). A total of 11 patients (7%) had neither pathology 

nor imaging findings consistent with CNS leukemia but had neurologic symptoms 

unexplained by other causes. CNS disease was present at initial disease presentation in 18 

patients (11%).

Treatment characteristics

Treatment before RT consisted of 1 systemic regimen in 103 patients (63%), 2 regimens in 

35 patients (22%) and 3 or more regimens in 25 patients (15%). A total of 20 patients (12%) 

did not receive IT chemotherapy, 121 patients (74%) received IT chemotherapy before the 

diagnosis of CNS disease; and 143 patients (88%) received IT chemotherapy after diagnosis 

of CNS disease. Among patients who received IT chemotherapy before the CNS diagnosis, 

all received IT chemotherapy after CNS diagnosis. A total of 38 patients (23%) underwent 

stem cell transplantation before RT. RT was delivered after the first evidence of CNS disease 

in 155 patients (95%) and with subsequent relapses in 8 patients (5%). RT was delivered to 

the base of skull in 48 patients (29%), to the whole brain in 67 patients (41%), and to the 

craniospinal axis in 48 patients (29%). A total of 36 patients (22%) experienced relapse 

within the CNS after RT.
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CNS symptoms

The most common presenting symptoms at diagnosis of CNS leukemia included headache in 

79 patients (48.5%), cranial nerve VII deficit in 46 patients (28.2%), cranial nerve II deficit 

in 44 patients (27.0%), extremity weakness in 26 patients (16), cranial nerve III deficit in 23 

patients (14%), and cranial nerve VI deficit in 17 patients (10.4%) (Table 2). A single cranial 

nerve was involved in 70 patients (42.9%), 2 were involved in 25 patients (15.3%), and 3 or 

more were involved in 13 patients (8.0%). A total of 33 patients (20.3%) had only a positive 

lumbar puncture result without neurologic symptoms.

Resolution of symptoms

Overall, among those with complete follow-up data regarding symptom resolution (149 

patients with a total of 233 deficits), resolution was observed in 34 deficits (16%), 

improvement in 126 deficits (54%), stability in 34 deficits (15%), and progression in 39 

deficits (17%) (Table 3). Headache resolved in 9 patients (16%), improved in 32 patients 

(58%), was stable in 8 patients (15%), and progressed in 6 patients (11%). Among those 

with cranial nerve II deficits, symptoms resolved in 5 patients (12%), improved in 22 

patients (52%), were stable in 7 patients (17%), and progressed in 8 patients (19%). Among 

those with cranial nerve VII deficits, symptoms resolved in 7 patients (18%), improved in 16 

patients (42%), were stable in 5 patients (13%), and progressed in 10 patients (26%).

Survival outcomes

The median survival time for all patients was 3.8 months after RT. The 12-month overall 

survival was 33% among those with negative bone marrow results at the time of CNS 

diagnosis, compared with 23% among those with positive bone marrow results (P = .005).

The 12-month CNS progression-free survival after RT was 77% among those receiving 

craniospinal axis/whole brain RT and 51% among those receiving base of skull RT (P = .02) 

(Fig. 2a). Patients with negative bone marrow results who received base of skull RT had 12-

month CNS progression-free survival of 47%, compared with 77% among those with 

negative bone marrow results who received craniospinal axis/whole brain RT, 63% among 

those with positive bone marrow results who received base of skull RT, and 78% among 

those with positive bone marrow results who received craniospinal axis/whole brain RT (P 
= .05) (Fig. 2b).

Univariate analysis of patient characteristics and treatment factors on overall survival and 

CNS progression-free survival are shown in Supplement E1 (available at 

www.redjournal.org). Cranial nerve symptoms, any CNS symptoms, base of skull RT, and 

no stem cell transplantation after RT were associated with worse CNS progression-free 

survival. Older age, CML/CLL compared with ALL, cranial nerve symptoms, any CNS 

symptoms, fewer than 10 IT treatments, and no stem cell transplantation after RT were 

associated with worse overall survival.

On multivariate analysis, patients who did not receive stem cell transplantation after RT and 

base of skull RT were associated with worse CNS progression-free survival (Table 4).
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Discussion

These results represent the largest series of patients with leukemia treated with RT for CNS 

disease. We found headache, facial nerve, optic nerve, extremity weakness, oculomotor 

nerve deficit, and abducens nerve deficit to be the most common neurologic manifestations 

of CNS leukemia, with improvement or resolution in about two thirds of deficits after RT. 

Patients who received craniospinal axis/whole brain RT had improved CNS progression-free 

survival. Interestingly, patients with isolated CNS involvement (ie negative bone marrow 

results) benefited the most from a comprehensive radiation field compared with patients who 

presented with both CNS and bone marrow involvement.

Strategies to prevent CNS relapse include prophylactic IT chemotherapy, RT, systemic 

therapy, or a combination of these treatments (1). The Children’s Cancer Group showed that 

intensive chemotherapy with IT methotrexate during induction, consolidation, and delayed 

intensification was equivalent to whole brain RT (18 Gy) in preventing CNS relapse in 

children with ALL (16). However, these results cannot be extrapolated to patients with CNS 

disease because IT chemotherapy has a maximal effect only in sterilizing subclinical disease 

in patients with normal CSF flow. One study of 17 patients with leptomeningeal disease 

found 11 deaths among the 13 patients with abnormal CSF flow, presumably caused by 

obstruction from gross disease, compared with no deaths among the patients with normal 

CSF flow (17). They also noted methotrexate toxicity in the 2 patients with delayed flow 

studies. In vivo studies have shown that IT chemotherapy given by lumbar puncture has low 

cranial concentrations (18, 19). Nevertheless, in our study, patients who received fewer than 

10 IT treatments had worse overall survival on univariate analysis. As opposed to IT 

chemotherapy, which depends on normal CSF flow, modern RT is able to deliver a relatively 

homogeneous dose regardless of physiologic deviations. If indeed the chemotherapy delivery 

to the brain is compromised with CNS disease, intensive local cranial RT may be of benefit, 

and may explain our findings that patients who received only base of skull RT experienced 

worse outcomes compared with more comprehensive treatment.

These findings are consistent with previous reports of RT use for CNS leukemia. One 

institution published a series of 28 leukemia patients treated for cranial nerve palsies without 

radiographic findings who received RT. Only 2 patients received base of skull RT; the 

remainder received whole brain RT. The researchers noted resolution of symptoms in 14 

patients (50%), improvement in 8 patients (29%), and stable or progressive disease in 4 

patients (14%) (12). Gray et al (11) reported on 20 patients with cranial nerve deficits treated 

with whole brain RT for CNS leukemia or lymphoma to a dose of 10 to 30 Gy in 2- to 3-Gy 

fractions and noted a 95% response rate and a 44% complete response rate at 3 months.

Over the past century, RT has undergone tremendous technologic advancement, which now 

allows delivery of an effective dose to the target while minimizing dose to surrounding 

normal tissues. Historically, orthovoltage radiation was limited by low penetration and high 

surface dose, leading to significant toxicity and to dose inhomogeneity compared with 

modern linear accelerator—based RT (20). Over the past several decades, advances in 

diagnostic imaging with CT and MRI have enabled better target delineation. Treatment 

planning has moved from 2-dimensional planning with x-ray imaging and hand calculations 
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to 3-dimensional CT-based planning with computer-assisted calculations (21). These 

advances allow us to accurately determine the precise dose to the target and adjacent normal 

structures (22). In addition, innovations in image guidance assure proper daily target 

coverage while minimizing dose to adjacent structures (23). More recent advancements such 

as proton therapy have allowed craniospinal axis RT to be delivered with reduced toxicity 

(hematologic, nausea, vomiting, weight loss, and esophagitis) (24).

The neurocognitive effects of the standard regimen for CNS leukemia of 24 Gy in 12 

fractions is poorly understood, given that most whole brain RT regimens for solid tumor 

brain metastasis consist of a higher total dose and higher doses per fraction. Some studies 

have actually shown an improvement in neurocognitive outcomes after whole brain RT in 

solid tumors, resulting from a reduced intracranial tumor burden; thus, isolating the effects 

of radiation alone on cognitive outcomes becomes very challenging (25–29). In addition, the 

neurocognitive effects of chemotherapy can further confound this analysis (30).

The fact that marrow status affected the CNS progression-free survival indicates that we can 

use this information to clinically guide the choice of radiation field to use. Presumably, 

patients with negative marrow results are still chemotherapy sensitive, and in this group CNS 

involvement represents the sanctuary location of the disease and thus was not adequately 

addressed by either high-dose or IT chemotherapy. Subsequently, the use of a 

comprehensive field of radiation can be indicated. This also explains why patients who went 

on to undergo stem cell transplantation seemed to benefit from comprehensive radiation, 

given that they need negative marrow to proceed with stem cell transplantation. It is worth 

noting that patients with positive marrow who received base of skull RT had an 

unexpectedly high CNS progression-free survival because the majority died shortly after 

finishing RT with a short follow-up and inability to assess their CNS status.

Although the results of the current study are compelling, several limitations exist. Although 

our single-institution series did show a statistically significant difference between 

craniospinal axis/whole brain RT and base of skull RT in CNS progression-free survival, the 

small numbers and retrospective nature of this study limit its interpretation. There are also 

other variables that we could not fully account for and that potentially influence progression-

free survival, most notably the heterogeneity of prior chemotherapy and the biology of the 

disease. In addition, decisions regarding optimal management were determined by the 

individual treating clinicians and could have been affected by significant selection bias. The 

strength of this series lies in the large numbers, high-quality pathologic and radiographic 

review, and long-term follow-up information.

In conclusion, we found that RT can palliate neurologic symptoms, with improvement or 

resolution in about two thirds of deficits. Comprehensive RT fields with whole brain/

craniospinal axis contribute to a better outcome, particularly when the marrow is negative at 

the onset of CNS disease. Patients with a short life expectancy may be treated with base of 

skull RT only for symptomatic relief; however, those with a longer life expectancy or who 

go on to receive stem cell tranplantation may be better served with more comprehensive 

treatment to the craniospinal axis to obtain longer CNS control.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Summary

Headache, cranial nerve VII, cranial nerve II, and cranial nerve III involvement are the 

most common neurologic manifestations of CNS leukemia. Improvement or resolution is 

observed in about two thirds of deficits after radiation therapy. On multivariate analysis, 

patients who did not undergo stem cell transplantation after RT and base of skull RT were 

associated with worse CNS progression-free survival.
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Fig. 1. 
Common radiation fields to treat central nervous system leukemia include base of skull (a), 

whole brain (b), or entire craniospinal axis (c) with proton (left) or photon (right).
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Fig. 2. 
Kaplan-Meier progression-free survival curves comparing patients receiving base of skull 

radiation therapy with those treated by craniospinal or whole brain radiation therapy among 

all patients (a) and stratified by bone marrow status (b). BM = bone marrow; BOS = base of 

skull radiation therapy; CNS = central nervous system; CSI = craniospinal radiation therapy; 

WBRT = whole brain radiation therapy.
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Table 2

Neurologic symptoms on presentation with central nervous system leukemia (n = 163)

Neurologic symptoms n (%)

  Headache 79 (48.5)

  Seizure 6 (3.7)

  Altered mental status 6 (3.7)

  Speech deficit 8 (4.9)

  Ataxia 2 (1.2)

  Extremity weakness 26 (16.0)

  Extremity numbness 15 (9.2)

  Urinary (0.0)

  CN II 44 (27.0)

  CN III 23 (14.1)

  CN IV 3 (1.8)

  CN V 16 (9.8)

  CN VI 17 (10.4)

  CN VII 46 (28.2)

  CN VIII 8 (4.9)

  CN IX/X 4 (2.5)

  CN XI 0 (0.0)

  CN XII 3 (1.8)

No. of CN affected

  None 55 (33.7)

  One 70 (42.9)

  Two 25 (15.3)

  Three 9 (5.5)

  Four 3 (1.8)

  Five 1 (0.6)

Abbreviation: CN = cranial nerve.
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Table 4

Results of Cox multivariate analysis with central nervous system progression-free survival as endpoint (N = 

163)

Therapy HR 95% CI P

Stem cell transplantation after radiation therapy

  Yes 1

  No 3.89 1.85–8.17 <.001

Radiation type

  CS 1

  WB 1.12 0.48–2.62 .80

  BOS 2.84 1.22–6.60 .02

Abbreviations: BOS = base of skull radiation therapy; CI = confidence interval; CS = craniospinal radiation therapy; HR = hazard ratio; WB = 
whole brain radiation therapy.
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