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PURPOSE: To study MR changes in the white matter of the brain in patients with breast cancer 

treated with a widely used protocol of high-dose chemotherapy and autologous bone marrow 

support. METHODS: Thirteen patients with high-risk stage II or stage IV breast cancer treated with 

high-dose cyclophosphamide, cisplatin, carmustine, and bone marrow support underwent post

transplant MR examination of the brain . Serial posttransplant MR examinations were performed in 

5 of the 13 patients and single MR examinations in 8. The severity of the white matter change was 

evaluated by two neuroradiologists and rated mild, moderate, or severe . RESULTS: In 9 of the 13 

patients, central and peripheral cerebral white matter changes were observed. Four patients had 

severe changes, extending from the ependyma of the lateral ventricles to the gyri. An additional 4 

patients had moderate white matter change at the last observation. One had mild change, and 4 

had no white matter change. In all patients, there was sparing of inferior frontal , posterior inferior 

occipital, and anterior temporal lobes, and of the centrosylvian brain. CONCLUSIONS: White 

matter change occurred in patients treated with a high-dose chemotherapy and bone marrow 

support protocol. Most of the changes, and the more severe ones, occurred 5 or more months after 

the transplants. There was no apparent relationship between these changes and central nervous 

system function. Because of the increased longevity with this treatment, it is important to appre

ciate these white matter changes, recognizing however that their expression may be subclinical. 

Index terms: White matter, abnormalities and anomalies; Bones, marrow; Chemotherapy; Brain, 

effects of drugs on; Brain, magnetic resonance 
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White matter abnormalities have been rec
ognized in patients treated with intrathecal, in
travenous, or intraarterial chemotherapy 
and/or irradiation therapy to the brain, most 
frequently when intrathecal chemotherapy and 
irradiation are combined ( 1-16). In recent 
years, high-dose intravenous chemotherapy 
with autologous hematopoietic progenitor 
stem cell support (AHPSCS) is being inten
sively studied for the treatment of high-risk 
and advanced-stage breast cancer. The pa
tients reported in this study had either high-
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risk stage II breast cancer at protocol entry 
(defined as patients with multinode positive 
breast cancer after breast surgery) or stage IV 
breast cancer (defined as metastases after ini
tial therapy). The results of this treatment are 
encouraging ( 17, 18) . In the stage II group, 
with median follow-up of 4 years (maximum, 
7 years), the actuarially projected disease-free 
survival is 72%; a similar population of stage II 
patients had 30% disease-free survival with 
conventional adjuvant chemotherapy (19). 
Comparable figures for stage IV breast cancer 
are 25% and 1% (20) . 

The major clinically observed toxicity attrib
uted to this protocol is pulmonary, which results 
in a treatment-related morbidity of 30% to 50%, 
usually reversible, and a mortality of less than 
2% presently ( 21) . 

Because of the effectiveness of this therapy, it 
is important to monitor patients for potentially 
related delayed toxicity . 
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TABLE 1: Clinical data before bone marrow transplant 

Date of 

Patient Age, y 
Date of Stage at Adjuvant Stage before Induction Bone 

Diagnosis Diagnosis Chemotherapy Transplant Chemotherapy Marrow 
Transplant 

36 5/90 4 bone 4 DFM X 4 6/ 91 
2 58 9/88 2 CDF X 6 4 F 10/ 91 
3 49 3/87 2 None 4 DFM X 4 1/92 
4 33 5/91 2 2 DFM X 4 9/ 91 
5 40 6/87 2 CMF 4 DFM X 4 10/ 90 

Tam 
6 38 4/9 1 2 2 DFM X 4 8/91 
7 49 7/89 I Tam 4 DFM X 4 12/ 91 
8 47 6/78 2 CMF X 12 4 DFM X 4 11 / 91 
9 50 4/90 CMF X 6 4 DFM X 4 10/ 92 

10 43 2/87 3 CDF X 9 4 None 7/91 
11 52 5/80 2 Melp, F 4 DFM X 4 9/ 91 

Tam 
12 39 8/90 2 CDFM x 4 4 DFM X 2 7/ 91 
13 37 8/91 4 DFM X 4 4 DFM X 4 12/ 91 

Note.-M indica tes methotrexate; Tam, tamoxifen citrate; Melp, melphalan; F, fluorouracil; C, cyclophosphamide; and D, doxorubicin 
hydrochloride. 

In this report we describe brain white matter 
changes, predominantly cerebral, identified on 
T2-weighted magnetic resonance (MR) acquisi
tions of the brain in patients treated with high
dose chemotherapy and bone marrow support 
without intrathecal chemotherapy or brain irra
diation. 

Materials and Methods 
From October 1990 to November 1992, 69 patients 

with stage II or stage IV breast cancer were treated with a 
phase II protocol of high-dose cyclophosphamide/cispla
tin/ca rmustine and AHPSCS at the University Bone Mar
row Transplant Program. The 13 patients included in this 
report had posttransplant MR examinations of the brain. 

Nine of the 13 patients received adjuvant chemother
apy, defined as standard chemotherapy after breast 
surgery, before enrollment for bone marrow support. The 
variability of this adjuvant chemotherapy is noted in 
Table 1. 

Induction chemotherapy was given to 12 of the 13 
patients . This typically began 3 months before the trans
plant and consisted of doxorubicin hydrochloride (Adria
mycin) , fluorouracil (5-fluorouracil) , and methotrexate 
given in 5-day treatment periods every 3 weeks for two to 
four administrations (22) (Table 1). The doxorubicin hy
drochloride/ fluorouracil / methotrexate protocol is given to 
reduce the volume of tumor rapidly to a low level before 
bone marrow support treatment. 

All the patients received the bone marrow support che
motherapy, a widely used protocol (17). This consists of 
cyclophosphamide ( 1875 mg/ m2 per day as a 1-hour 
intravenous infusion, given on days - 6 , - 5, and -4); 
cisplatin (55 mg/ m 2 per day as a continuous intravenous 

infusion for 72 hours, begun on day -6); and carmustine 
(600 mg/m2 as a 2-hour intravenous infusion on day -2). 
Bone marrow reinfusion was performed on day 0. 

A pretransplant MR or computed tomographic exami
nation ofthe brain (MR, 5 patients; computed tomography, 
8 patients) was performed in all 13 patients to evaluate 
metastatic disease. Thirteen patients had posttransplant 
MR examinations of the brain. This MR examination con
sisted of Tl- and T2-weighted axial sections and Tl 
weighted sagittal sections, as a minimum. Ten of the MR 
examinations were not enhanced; 20 had both preen
hancement and postenhancement (gadopentetate dime
glumine) sequences (Table 2). The MR examinations were 
serial in 5 patients and single in 8 patients. The posttrans
plant MR examinations were retrospectively evaluated for 
white matter change. 

Table 1 defines patient demographics and clinical 
course before bone marrow support. Table 2 defines the 
course beginning with the bone marrow support and the 
related toxicities. The white matter change, described by 
both severity and interval of the MR examination after 
transplant, is noted in Table 2 . The number of MR exam
inations performed after transplant are summarized by 
time periods in Figure 1. 

The reasons for performing the posttransplant MR ex
aminations are noted in Table 2 and include visual toxicity 
in one patient (a syndrome of abnormal visual fields and 
decreased visual acuity, compatible with optic nerve inju
ry). Two patients had both visual toxicity and transient 
ischemic attacks (Table 2). The visual symptoms were 
almost totally reversed within 4 to 6 weeks in two patients 
but were irreversible and severe at more than 1 year in one 
patient (Stemmer SM et al , unpublished data). Three had 
transient ischemic attacks , in which symptoms persisted 
from a few seconds to minutes , with complete resolution in 
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TABLE 2 : Clinical and MR data after bone marrow transplant 

Steroids after MR Changes (Months after Bone Marrow 
Neurologic Latest Tumor 

Patient Acute Visceral Toxicities Bone Marrow Transplant) 
Toxicities 

Transplant 
Status 

None Mild Moderate Severe 

1 Lung (+ 4 mo) TIA (+ 9 mo) Yes (lung) NE * 6 * 11 , * 16, 21 
2 Lung (+ 5 mo) Psychosis Yes ( lung) Relapse *Pre *9 , 11 , 16 

(+ 8 mo) (+ 17 mo) 
TIA (+ 10 mo) 

3 None TIA (+ 2 mo) Yes (eye) NE * 2, *3 4, 14 
Vision (+ 3 mo) 

4 Lung (+ 5 mo) None Yes (lung) NED *Pre *5 
5 None Vision (+ 3 mo) No Relapse * 1 *4 

(+ 6 mo) 
(dead) 

6 RF, CHF, Lung (+ 4 mo), TIA (+ 20 mo) Yes (lung) NED *9 , *20 *12, 19 
Asper Pneumonectomy 

7 None Post-zoster Intrathecal Relapse Pre 15 
(+ 15 mo) 

Neuralgia (Neuralgia) 
(+ 6 mo) 

8 Lung (+ 4 mo) Vision (+ 3 mo) Yes ( lung) NE * 2 
TIA (+ 9 mo) 

9 None None No NED *Pre 6 
10 Lung (+ 6 mo) None Yes ( lung) NE *Pre, * 15 
11 None None No Relapse *2 

(+ 8 mo) 
(dead) 

12 Lung (+ 4 mo) None Yes (lung) NED 21 
13 None None No NE *1 

Note.- TIA indicates transient ischemic attack; *, MR before and after enhancement; NED, no evidence of disease; NE, not evaluable; + mo, 
months after bone marrow transplant that tox icity occurred ; RF, renal failure; CHF, congestive heart failure; Asper, aspergillus infection; and Pre, 
before bone marrow transplant. 

less than 24 hours without any specific treatment, and 
were single or recurrent up to three times. Both of these 
symptoms usually began within the first 6 months after the 
transplant. There were no specific abnormalities on MR 
examinations observed in the patients with the visual and 
transient ischemic attack symptoms. More sensitive MR 
sequences for the visual system were performed in one 
patient. One patient had herpes zoster in the buttock of 
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MONTHS POST-TRANSPLANT 

several weeks ' duration. Six patients had no recognized 
ophthalmologic or neurologic complications , and the MR 
examinations were performed for subtle cl inica l suspicion 
of change in brain function . 

In seven of the 13 patients posttransplant carmustine
associated lung toxicity developed (21) 3 to 6 months 
after the transplant; it was treated with steroids, usually 
successfully (Table 2). 
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Fig 1. White matter change, months af
ter t ransplant ( Tx). 
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Fig 2. Patient 2 , severe white matter change. Axial T2-
weighted acquisit ions (2000/ 80 [repetition time/ echo time]) at 
the level of the roof of the lateral ventricles 11 months after bone 
m arrow support . Note the diffuse, symmetric hyperintensity in
volv ing periventricular, centra l, and subcortica l white m atter 
(open arrow s). This degree of severity was seen in four of the nine 
patients. 

AJNR: 15, August 1994 

The sever it y of the w hite m atter change was based on a 
con sen sus opin ion from concurrent rev iew b y two neuro
rad iolog ists. Mild changes w ere defined as sm all, focal 

hyperintensities o n T 2 weighting, which were usually mul 
tipl e. Severe changes were defined as near-total white 
matte r h yperinten sity on T2 weig hting in the susceptible 

areas o f the cerebrum. M oderat e changes fe ll between 

t hese two categories. 

Results 

Cerebral white matter changes were present 
on MR examinations in 9 of the 13 patients 
(Table 2). 

The white matter abnormality is described as 
hyperintensity on the T2-weighted MR acquisi
tion. In all of the nine patients , the central and 
peripheral supraventricular cerebral white mat
ter was involved. In the severe form (patients 1, 
2, 4 , and 7) , the process extended from the 
ependyma of the lateral ventricles (especially 
the bodies) to the base of gyri and into the gyral 
white matter (Fig 2). In one patient (patient 3), 
there was a suggestion that the process began 
in the immediate subcortical gyral region and 
spread centripetally toward the ependyma (Fig 
3) . In all patients there was sparing of inferior 
frontal, posterior and inferior occipital, and an
terior temporal lobes. We observed no change 
in the centrosylvian brain. There was suspected 
mild involvement of the body of the corpus cal-

c 
Fig 3. Patient 3 , centripetal progression. A xial T2-weighted acquisit ions (2000/ 80) at the level of the centrum semiovale. 
A, Two months after bone marrow support. Mild , bi latera l hyperintensity preferent ially involving the subcortical white m atter. 
B, Four months after bone marrow support. Increased subcortical hyperintensity moving centripeta lly to central and periventricular 

white m atter, bi latera lly , moderate degree. 
C, Fourteen months after bone m arrow support . Further increase in centra l and peri ventricular white m atter change, moderate degree. 

Open arrows compare one area of the white matter change. 
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losum in five patients on axial sections, not 
verified because T2-weighted coronal or sagittal 
sections were not performed. These five pa
tients had moderate or severe cerebral hemi
sphere white matter changes. 

Duropathy was seen in one patient at 1 
month after transplant but disappeared at 4 
months (patient 5). The 3-mm-thick suprasyl
vian bilateral dura was diffusely hyperintense on 
T2-weighted acquisition and similarly enhanced 
with gadopentetate dimeglumine. 

In one patient (patient 6) we noted spontane
ous reversal of the process. In this patient the 
white matter change reached a moderate level 
of intensity at 12 and 19 months but at 20 
months had regressed to mild change (Fig 4). 
An unusual appearance of the white matter 
change was the presence of symmetrical peri
dentate cerebellar white matter hyperintensity 
on T2-weighted acquisition (Fig 5, A and B). 
This was seen in two of the nine patients (pa
tients 2 and 3) who also had, respectively, se
vere and moderate cerebral white matter 
changes. Patient 2 had progressive pontine hy
perintensity on T2-weighted acquisition (Fig 5, 
A and C). 

In the 4 patients (of the 13) who had normal 
posttransplant MR examinations, 2 had their 
only MR examinations 1 and 2 months after 
transplant, and 2 were performed at 15 and 21 
months, respectively. 

The white matter change was not (or was 
vaguely) seen on T1-weighted acquisitions , and 
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Fig 4 . Patient 6 , regression of whi te 
matter change. Axial T2-weighted acquisi 
tions (21 00/ 90) at and just above the lateral 
ventricles. A t 9 months after bone m arrow 
support, the white m atter was norm al. 

A, Twelve m onths after bone m arrow 
support . Note patchy , bilateral, white m atter 
hyperintensity greater on the left , mild de
gree. 

8 , Twenty months after bone m arrow 
support. Spontaneous improvem ent in white 
matter change (open arrows). 

no enhancement was seen with conventional 
doses of gadopentetate dimeglumine. 

Metastatic neoplasm was not observed. 

Discussion 

The neurotoxicity of several chemotherapeu
tic and irradiation regimens , either singly or in 
combination, has been recognized by clinical 
manifestations and especially by MR examina
tion of the brain ( 1-16). These have been most 
commonly reported with carmustine given 
in high intravenous doses (more than 1200 
mg/m2

) (8) or by intracarotid infusion alone or 
with cisplatin. Other alkylating agents such as 
chlorambucil (9) , ifosfamide (10) , mechloreth
amine hydrochloride (nitrogen mustard) (11 ), 
or thiotepa ( 12), when given systemically in 
intensive doses, also have been implicated. Flu
orouracil with levamisole hydrochloride has 
been reported to cause inflammatory leukoen
cephalopathy that reversed rapidly after cessa
tion of therapy (13, 14). 

The appearance of chemotherapy-induced 
white matter abnormality is bilateral hyperin
tensity on T2-weighted MR acquisitions , which 
may be focal or, in later stages , confluent and 
symmetrical. The changes are poorly or not 
seen on T1-weighted acquisitions. There was no 
enhancement with conventional doses of gado
pentetate dimeglumine. 

The nature of the white matter pathologic 
process is not known. There were no brain bi -
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A B c 
Fig 5 . Patient 2, peridentate and pontine change. Axial T2-weighted acquisitions (2000/ 80) at the level of the middle cerebellar 

peduncles. 
A, Before bone marrow support. Normal peridentate area (open arrow) and two foci of subtle increased signal in the midpons (closed 

arrow). 
8 and C, Eleven months after bone m arrow support. Note thick symmetric rim of increased signal around the dentate nuclei (open 

arrow, B) and progressive bilateral central pontine hyperintensity (closed arrow, C). The peridentate change was seen in two of the nine 
patients. The pontine change was seen in this one patient. 

opsies or autopsies performed in the nine pa
tients reported in this paper. 

Changes attributed to brain irradiation also 
have been recognized (4, 15, 16). Findings in 
our patients resemble those attributed to irradi
ation , in the centrum semiovale, and are prob
ably indistinguishable. However, the sparing of 
the centrosylvian brain and the presence of 
peridentate lesions may be unique to this 
chemotherapy regimen (cyclophosphamide/ 
cisplatin/carmustine) , because we have not 
observed these findings in irradiated patients. 

The common features noted in the group of 
patients with breast cancer reported in this pa
per are numerous . All patients were treated with 
intravenous chemotherapy alone. None of the 
patients received brain irradiation therapy or 
intrathecal chemotherapy. Immunosuppressive 
treatment (such as cyclosporine) was not used 
in any of the patients. Steroid therapy for lung or 
eye toxicity was always given in the first 6 
months after transplant. 

In the nine patients there was no obvious 
correlation between neurologic symptoms and 
the observed degree of white matter change. 
The white matter change seems to be progres
s ive, with the severe changes being most com
mon at 5 or more months after the bone marrow 

support. In one patient (patient 6, Table 2, Fig 
4), the process seemed to reverse without ther
apy. 

Five patients had pretransplant MR examina 
tions, and there were no white matter changes. 
In patient 8 (Table 2) there was mild white mat
ter change on the posttransplant MR examina
tion at 2 months, not observed on pretransplant 
computed tomography. The MR pattern sug
gested chemotherapy-related white matter 
change; there was no clinical basis for other 
causes. 

The prevalence and incidence of the white 
matter changes in our larger transplanted pop
ulation is unknown. Based on this retrospective 
review, the minimal incidence is 15% (9 of 69). 
The true incidence (and other features) are cur
rently being determined through a prospective 
serial study . 

The specific offending agent or agents caus
ing the white matter change in this group cannot 
be determined from this study. 

The common use of the doxorubicin hydro
chloride/fluorouracil/methotrexate induction 
chemotherapy has not been associated with re
ported white matter change (22). It is likely 
therefore that the white matter change is related 
to the bone marrow support chemotherapy pro-
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tocol, as used nationally and as reported in this 
paper. 

The prolonged survival accruing from the 
effectiveness of this therapy requires the 
monitoring of patients for delayed toxicity. 
The white matter changes reported here are 
subclinical in some or all of these patients. A 
prospective study is under way to define more 
accurately the clinical significance of the white 
matter change. The findings may be important 
in the planning and monitoring of future 
chemotherapy regimens. 
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