
Abstract. Aim: To evaluate outcomes of breast cancer
patients with confirmed dural metastasis (DM) alone who
received whole-brain radiation therapy (WBRT). Patients and
Methods: The medical records of thirty-three breast cancer
patients who received WBRT to treat intracranial metastasis
were retrospectively reviewed. The clinical presentation of
DM-only was compared with that of brain metastasis
(BM)/leptomeningeal metastasis (LM). Results: Eight patients
had DM and 25 patients had BM/LM. Median survival was
12 months in patients with DM and 7 months in those with
BM/LM. Multivariate analysis found that only a Karnofsky
performance status of ≥70 was significantly associated with
improved OS. DM did not cause the death of any patient.
Symptoms did not worsen in any DM patient. Conclusion:
WBRT can be considered for patients with DM alone for
symptom improvement and preventing DM-related death. 

Intracranial metastases are the most common neurological
complications of cancer and mostly involve the parenchyma,
but metastases to the leptomeninges and dura also occur. All
affect survival and prognosis (1-3). Dural metastases (DM)
are usually direct extensions of skull bone metastases or of
hematogenous origin, are relatively rare (4, 5), and are
usually concomitant with brain metastasis (BM) or
leptomeningeal metastasis (LM). DM rarely occur alone
without extension from a skull bone metastasis. The
treatment of DM differs from that of BM and LM because
of the presence of the blood-brain barrier (BBB) and blood-
cerebrospinal fluid barrier (BCSFB) (6, 7). Intracranial
metastases must be evaluated to determine whether they are

inside the BBB and BCSFB, which suppresses transfer of
chemotherapy agents into the brain parenchyma. DM exists
outside of these barriers and is more easily exposed to
chemotherapy than other intracranial metastases (6, 7).
Whole-brain radiation therapy (WBRT) is useful for treating
BM/LM and DM with concomitant BM/LM because of the
limited access to chemotherapy, but the effectiveness of
WBRT for DM alone without concomitant BM/DM is not
known. The clinical benefit of WBRT in the absence of
parenchymal metastasis is unclear. Previous reports of
WBRT for DM are biased by small patient samples, the
inclusion of patients with concomitant BM/LM, DM after
resection of BM, direct dural involvement from skull bone
metastasis, and different treatment regimens (8-10). Previous
reports did not distinguish treatment effectiveness and
overall survival (OS) of patients with DM and BM/LM from
those of patients with DM alone. DM from skull bone
metastasis can be treated by surgery and/or partial
radiotherapy, but that solves only part of the problem and
may interfere with subsequent WBRT. This study
retrospectively evaluated breast cancer patients with
confirmed DM who only received WBRT and compared the
clinical characteristics and outcomes of those with DM alone
or BM/LM.

Patients and Methods
Patients. The medical records of breast cancer patients who received
WBRT between January 2007 and April 2018 to treat intracranial
metastasis were retrospectively reviewed. The clinical presentation
of DM-only was compared with that of BM/LM. Data retrieval
began in 2007 because inclusion of detailed imaging results in the
electronic medical records started then, allowing a more complete
evaluation of the clinical course of patients. DM only patients were
all have metastases originating from the breast cancer by chance.
Eligibility was limited to breast cancer patients.

Diagnosis. Patients were evaluated by enhanced head magnetic
resonance imaging (MRI) to distinguish those with DM alone from
those with BM/LM. T1- and T2-weighted, fluid attenuated inversion
recovery (FLAIR), and diffusion-weighted images were obtained in
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the transverse plane. Enhanced T1-weighted images with fat
suppression were obtained in the transverse, sagittal, and coronal
planes after intravenous administration of gadolinium. On MRI, DM
typically appear as a thickening of the dura mater. A nodular pattern
is possible. Absence of the BBB accounts for the intense,
homogeneous contrast enhancement. Unlike LM, dural enhancement
and thickening do not continue along the gyri and sulci. In LM,
MRI findings include diffuse linear leptomeningeal enhancement
along the gyri and sulci or multiple enhancing extra-axial nodules
on the surfaces of the brain and ventricles. Computed tomography
(CT) was used to detect bone metastases and rule-out direct
extension from bone metastases. Patients with concomitant BM/LM
confirmed radiographically or by positive cerebrospinal fluid
cytology were excluded. The presence of other distant metastases
and the status of the primary lesion were evaluated by whole body
CT. Primary tumor status was favorable if no enlargement was
found of CT and/or MRI for at least 3 months compared with its
original size. Even with extracranial metastases, the primary tumor
status was judged to be favorable if it was not viable or had not
enlarged for at least 3 months. Evaluation of symptoms included the
presence of headache, nausea, vomiting, cranial nerve dysfunction
(e.g., visual change, diplopia, trigeminal nerve dysfunction, and
facial weakness), mental status, seizures, and difficulty walking.

Radiation therapy. Patients with DM alone without evidence of
BM/LM were started on anticancer drugs. WBRT was indicated by
patient symptoms or worsening of MRI findings despite
administration of anticancer drugs and a DM that is surgically
inaccessible or widespread. DM patients with extensive dura matter
thickening, multiple nodular lesions, or concomitant multiple skull
bone metastases, not indicated for partial radiotherapy, received
WBRT. Initial WBRT was considered in patients with LM or BM
or both plus symptoms. WBRT was delivered by a CT simulator,
four opposing lateral fields, and the in-field technique. WBRT with
10 MV photon beams was delivered once daily 5 days per week.
Doses were given in fractions of 2.5, 3, or 4 Gy, with a total dose
of 20-40 Gy. The basic radiation schedule was 3 Gy/fraction, with
a total of 30 Gy. Patients with a condition indicative of a poor
prognosis and a short course received 4 Gy/fraction, with a total of
20 Gy. Those with a good prognosis and expected long course
received an increased dose. No patients received whole spine
irradiation and intrathecal chemotherapy.

Treatment response of image findings. Treatment response was
monitored by enhanced head MRI performed every 3-6 months and
scored by the time of peak response. Complete response (CR) was
defined as the disappearance of DM on enhanced MRI. Partial
response (PR) was a reduction in dura mater thickening and
nodules. Progressive disease (PD) was an increase in dura mater
thickening and nodules. Stable disease (SD) was a change in DM
insufficient to qualify as PD. Local recurrence after WBRT included
the appearance of regrowth of thickening or nodular enhancement
of the dura matter on enhanced MRI. 

Treatment response of symptom. CR was defined as the
disappearance of clinical symptoms. PR was an improvement of
symptoms. PD was a worsening of symptoms. SD was a no change
in symptoms. Symptomatic patients were given steroids, glycerol,
and antiepileptic drugs as palliative care and for the prevention of
WBRT toxicity. Consequently, treatment response could not be
assessed in patients who were simultaneously treated with these

drugs and WBRT. If steroids and glycerol were used to reduce
WBRT toxicity and then discontinued after WBRT, then treatment
response was assessed by subsequent changes in symptoms. If
symptoms such as headache and nausea remained unchanged or
worsened, then the treatment response was assessed during the
subsequent follow-up evaluation to distinguish it from the side
effects of WBRT. 

WBRT toxicity. Adverse events associated with WBRT were
monitored and defined following Common Terminology Criteria for
Adverse Events version 4.0, with toxicity graded as mild (CTC
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Table I. Baseline clinical characteristics of patients.

Characteristic                                                          Value (%)

Patients                                                                          33
Age, years                                                                       
   Median (range)                                                       35-78
   Median                                                                       55
   ≤65                                                                         25 (76)
   >65                                                                          8 (24)
KPSa, n                                                                            
   ≥70                                                                         21 (66)
   <70                                                                         12 (34)
Symptom, n                                                                     
   Yes                                                                         21 (64)
   No                                                                          12 (36)
Total dose (Gy), n                                                           
   20                                                                             2 (6)
   30                                                                           20 (61)
   37.5                                                                        10 (30)
   40                                                                             1 (3)
Extracranial metastases, n                                              
   0                                                                              4 (12)
   1                                                                             10 (30)
   2                                                                             10 (30)
   3                                                                              9 (28)
Type of the metastasis, n                                                
   BMb/LMc                                                              25 (76)
   DMd                                                                        8 (24)
ERe/PgRf, n                                                                     
   positive                                                                  18 (55)
   negative                                                                 13 (39)
   unknown                                                                  2 (6)
HER2g, n                                                                         
   positive                                                                   7 (21)
   negative                                                                 24 (73)
   unknown                                                                  2 (6)
Ki67, n                                                                            
   ≥15                                                                         18 (55)
   <15                                                                          6 (18)
   unknown                                                                 9 (27)
Surgery plus WBRTh, n                                                 
   Yes                                                                           1 (3)
   No                                                                          32 (97)

aKarnofsky performance status, bbrain metastasis, cleptomeningeal
metastasis, ddural metastasis, eestrogen receptor, fprogesterone receptor,
ghuman epidermal growth factor receptor-2, hwhole-brain radiation
therapy.



grade 1), moderate (CTC grade 2), severe (CTC grade 3), or life-
threatening (CTC grade 4) (11).

Statistical analysis. The OS of WBRT patients was estimated by the
Kaplan–Meier method and was defined as the interval from the last
day of treatment to the date of death or the most recent follow-up
as of December 2017. Patients who survived until the end of the
follow-up period without an event were censored. Age, Karnofsky
performance status (KPS), symptoms, radiation dose, extracranial
metastasis, and type of metastasis were evaluated as prognostic
factors. Local control was calculated as the interval from the last
day of the treatment until the recurrence of symptoms. Data from
patients who died with no evidence of recurrence were censored.
Patient variables that were associated with survival were identified
by univariate analysis and the log-rank test, and those with a
statistically significant association were included in a subsequent
multivariate analysis. p-Values <0.05 were considered statistically
significant. Statistical analysis was performed using the SPSS 15.0
J statistical software (SSPS Inc., Chicago, IL, USA).

Patient consent. This retrospective study evaluated patient
characteristics, diagnosis, and treatment retrieved from electronic
medical records. All procedures followed the ethical guidelines of
the 1964 Helsinki declaration and its later amendments or
comparable ethical standards. Patient records and information were

anonymized and de-identified prior to evaluation in this study.
Written patient's consent to participate was waived for the
retrospective study. Patients were informed before the start of
treatment that their data might be used in future investigations even
if the outcome was death, and all consented to the use of their data.
Patients were informed of the benefits and risks of the
chemotherapy or WBRT that would be administered and provided
written informed consent before inclusion. 

Results

Patient characteristics and treatment. Thirty-three women
(median age, 55 years; range, 35-78 years) with intracranial
metastasis of breast cancer and treated by WBRT at Nihon
University Itabashi Hospital between January 2007 and April
2018 as described above were enrolled. Eight patients had
DM and 25 patients had BM/LM. The baseline patient
characteristics are summarized in Table I. Twelve of the 33
patients (34%) had a KPS of <70, and 21 (64%) reported
symptoms. Ten patients (30%) had extracranial metastases at
one or two sites. Many patients with advanced primary
tumors had metastasis to other organs. Twelve patients who
received WBRT started with 3 Gy/fraction and received a
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Table II. Patient characteristics of dural metastasis.

Number  Age     Time to   KPSa   Symptom         Lesion           Form       Primary    Other      ER/PgRc HER2d    Ki67      Previous      After    Symptom 
                            dural                                              site                                 status   metastasis                                  ≥15%     treatment    WBRTi    response
                        metastasis

1               61          32           80      Diplopia       Skull base         Dural        Stable       Bone             +             -             +            HTxe         CTx+         CRj
                                                                                                   thickening                                                                                                         HTx
2               77         174          60    Head ache,          Left             Dural        Stable      Bone,            +             -             +            CTx+             -              CR
                                                        memory      hemisphere    thickening                      LNb                                                          HTx
                                                      disturbance
3               53            0            80    Head ache,          Left           Nudular    Unstable    Bone,            +             -             +             CTx          CTx+         SDk
                                                          facial        hemisphere                                           LN,                                                                            HTx
                                                         sensory                                                                     liver
                                                        disorder
4               58          53           80     Right arm          Left             Dural        Stable       Bone             +             -             -            CTx+             -              CR
                                                       numbness     hemisphere    thickening                                                                                       HTx
5               64          20           80    Head ache,       Parietal         Nodular    Unstable    Bone,            +             -      Unknown  Opeg for  Unknown      PRl
                                                         nausea                                                                       LN,                                                        DMh+
                                                                                                                                           liver                                                          HTx
6               55         120          80       Cranial        Skull base         Dural     Unstable     Lung             +             -      Unknown    CTx+          HTx           PR
                                                      nerve palsy                           thickening                                                                                       HTx
7               49         192          90    Head ache           Left             Dural        Stable          -                 -             +     Unknown    CTx+          CTx           CR
                                                                             hemisphere    thickening                                                                                       HTx
8               61          39           70      Nausea,         Bilateral         Dural        Stable      Bone,            +             -             +             HTx           HTx           PR
                                                        diplopia,     hemisphere,  thickening                     liver, 
                                                          facial          skull base           and                            LN
                                                         sensory                                nodular
                                                        disorder

aKarnofsky performance status, blymph node, cestrogen receptor/progesteron receptor, dhuman epidermal growth factor receptor-2, ehormontherapy,
fchemotherapy, goperation, hdural metastasis, iwhole brain radiation therapy, jcomplete response, kstable disease, lpartial response.



total of 30 Gy. All DM patients experienced symptoms, and
many with advanced disease had metastases and had already
received chemotherapy chemotherapy or/and hormone
therapy (Table II). No DM patients were indicated for partial
radiotherapy. The lesions were all extensive, and all DM
patients were given WBRT. One patient with a large nodular
DM underwent surgery prior to WBRT. 

DM imaging. All patients had gadolinium-enhanced brain
MRI scans available for review. Six DM patients had a
single, wide thickening of the dura matter; two had nodular
thickening (Figures 1, 2 and 3). Five DM patients were in
the temporal hemisphere (62.5%), and three were at the base
of the skull (37.5%). One DM patient had a subdural
hematoma. The venous sinuses and brain parenchyma were
not involved in any patients.

Symptoms. At the start of WBRT, 13 patients with BM/LM
(50%) and eight patients with DM (100%) reported some
symptoms. The most common symptoms in DM patients
were headache and nausea in five, followed by cranial nerve
dysfunction (diplopia and facial sensory weakness) in three.
The DM of the skull base was associated with symptoms of
cranial nerve compression.

Outcomes. The median duration of follow-up was 6 (range=1-
31) months. Twenty patients, including four DM patients, died
during follow-up. The cause of death in all 20 was the primary
disease or a condition related to the primary disease. DM did
not cause the death of any patient. The median survival was 7
(range=1-31) months; 1-year survival was 35.3% (Figure 4).
Median survival was 12 months in patients with DM and 7
months in those with BM/LM (Figure 5). Univariate analysis
found that only a Karnofsky performance status (KPS) of ≥70
was significantly associated with improved OS. In multivariate
analysis, KPS (HR=0.221, 95% CI=0.071-0.689; p<0.009)
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Figure 2. Enhanced MRI showing dural partial thickening and nodular
change in the temporal region.

Figure 3. Enhanced MRI showing dural thickening of the skull base. 

Figure 1. Enhanced MRI showing dural metastasis with wide dural
thickening and enhancement of the left hemisphere.



was independently associated with prognosis (Table III). There
was no significant difference of survival in patients with
BM/LM and in those with DM only.

Follow-up MRI was not performed after WBRT when it
was administered as palliative radiotherapy. Especially a
more complete evaluation for BM/LM was impossible
because of lack of follow-up MRI. Five of the eight DM
patients were evaluated by enhanced brain MRI after
treatment. CR was achieved in two of the patients. In one,
much of the lesion had been removed by the preceding
surgery. PR was seen in two patients and SD in one. No DM
patient experienced PD. No DM patient developed an
intracranial lesion after WBRT. In the eight DM patients,
WBRT was effective against symptoms, CR was achieved in
four, PR in three, and SD in one. Symptoms did not worsen
in any DM patient after WBRT. A more complete evaluation
for BM/LM was impossible because of lack of complete data
in the medical records or short follow-up. Documentation of
response to treatment for BM/LM was often not reported
according to current oncology standards. Several medical

records of BM/LM described the responses in general terms,
such as “good clinical effect,” “improvement of symptom,”,
instead of defined endpoints.

WBRT toxicity. The most frequent acute toxicities associated
with WBRT included grade 1 headache, nausea, dermatitis
and hair loss. No severe adverse events were noted. 

Discussion

The occurrence of BM has been shown to vary with tumor
stage at initial diagnosis, with central nervous system invasion
estimated to occur in 13.4% of patients presenting with stage
IV breast cancer tumors (12). DM is found in 9% of patients
with systemic cancer at autopsy. In 4% of these patients, it
represents the only site of intracranial involvement (13).
Breast cancer was the most common primary tumor associated
with DM, followed by prostate cancer (10). In this study, the
presence of DM was required for inclusion, and only eight of
33 patients found to have DM only. Although there were
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Figure 4. One-year survival rate was 35.3% in patients with
intracranial metastasis from breast cancer.

Figure 5. Median survival was 12 months with DM and 7 months with
BM/LM.

Table III. Univariate and multivariate analysis of factors that affect overall survival.

                                                                                     Univariate                                                                        Multivariate                                  

Variable                                                                           p-Value                                       HRe                                 95%CIf                                p-Value

Age, >60 vs. ≤60 years                                                    0.587                                       0.812                             0.317-2.079                              0.664
KPSa, <70 vs. ≥70                                                           0.009                                       0.221                             0.071-0.689                              0.009
Symptom, Yes vs. No                                                      0.560                                       0.617                             0.188-2.028                              0.426
Radiation dose, <37.5 Gy vs. ≥37.5 Gy                         0.996                                       0.887                             0.290-2.713                              0.834
Extracranial metastases, ≤1 vs. ≥2                                  0.300                                       0.284                             0.064-1.253                              0.096
Type of metastasis, BMb/LMc vs. DMd                         0.340                                       1.698                             0.389-7.406                              0.481

aKarnofsky performance status, bbrain metastasis, cleptomeningeal metastasis, ddural metastasis, ehazard ratio, fconfidence interval.



several prostate cancer patients with DM in contact with and
direct extensions of concomitant skull bone metastases, only
breast cancer patients were included in the criteria. In this
study, all patients with DM only had breast cancer, and it is
expected that additional cases like these will be encountered
in the future.

The OS of breast cancer patients with BM is poor, ranging
from 3 to 6 months (14), but may be increased depending on
estrogen, progesterone, and human epidermal growth factor
receptor status, as well as the use of molecular targeted
therapy (15). The median survival of patients with BM/LM
was 7 months, and that of patients with DM only was 12
months, both of which compare favorably with previous
reports in breast cancer patients with BM/LM. This might be
attributable to the number of patients with DM in this study,
the use of molecular targeted drugs, differences in anticancer
drug regimens, or the inclusion of patients who continued
anticancer drugs after WBRT. The absence of a significant
difference in the median survival of the DM only and
BM/LM patients in this study might also have resulted from
small number of patients. Seven (87.5%) DM only patients
had active bone, lung, liver, or lymph node lesions. Patients
with DM had more progression of systemic disease and
receiving aggressive systemic chemotherapy. Although
multivariate analysis found that additional metastases and
form of metastasis also did not significantly influence OS,
DM tends to be have good prognosis. Multivariate analysis
did find that KPS significantly influenced prognosis of
patients with DM and BM/LM. The study results are
consistent with previous reports of the prognostic value of
KPS, absence of extracranial, cerebellar metastases, and
combination chemotherapy in patients with BM after WBRT
(16). It is expected that the presence of a good general
condition improves prognosis.

Systemic chemotherapy after local treatment of BM can
prolong the survival of breast cancer patients (17) because
of its effects on other metastases (6, 18). In patients with
BM/LM, WBRT is an important treatment because the BBB
reduces the efficacy of systemic chemotherapy by reducing
exposure to cytotoxic drugs. Systemic chemotherapy is
indicated for DM patients because the metastatic cells are
located outside of the BBB and BCSFB. Choosing whether
to give WBRT to patients with DM only is complicated by
the absence of metastasis to the brain parenchyma and
consideration of side effects associated with WBRT. There
is clinical dilemma that WBRT was performed regardless of
no parenchymal metastasis. Focal radiotherapy plus surgery
can be considered for DM that occur in a limited area, but
focal radiation therapy will interfere with WBRT if it is
needed for intracranial metastasis that occurs later. Although
the contribution of WBRT to the survival of patients with
DM only is unknown, it offers symptomatic relief and
intracranial control.

The most common symptoms in patients with DM-only
were headache followed by cranial neuropathy and were
similar to those reported in another study (10). Headache may
be indicative of traction on the dura, invasion of venous
sinuses, or increased intracranial pressure alone or combined
with subdural hemorrhage (5, 19). Subdural hematoma should
be considered when evaluating headache symptoms. Cranial
nerve palsies can occur when the DM is located at the base of
the skull (10, 20). Compression of the cavernous sinus is
associated with multiple cranial neuropathies, and focal
weakness can result from compression or invasion of the
underlying brain parenchyma by the DM (20). In this study,
most symptoms disappeared after WBRT and did not worsen
or reappear until death or the end of the study. WBRT was
effective in treating symptoms, especially those associated with
DM derived from extension of cranial bone metastasis, which
were the most common type (57%) to cause symptom (5, 21). 

Only five DM-only patients were evaluated by enhanced
MRI after WBRT, but none of the findings indicated PD, and
no new intracranial lesions appeared. The causes of death
were related to progression of the primary lesion or
deterioration of their general condition because of cancer. No
patient deaths were related to the DM. The results indicated
that even if WBRT did not contribute to survival, it was very
effective for controlling DM symptoms and preventing
additional intracranial metastases.

The most frequent WBRT acute toxicity symptoms were
headache, fatigue, nausea, vomiting and hair loss, most of
which were grade 1 and manageable with steroids. WBRT
can be recommended to DM alone for symptom
improvement and prevention of death caused by DM. As the
survival prognosis of DM is 12 months, late side effects are
not a consideration. In patients with few additional
metastases or with the possibility of treatment with
additional anticancer or molecular-targeted drugs, long-term
toxicity, with symptoms such as memory loss, intellectual
impairment, or ataxia, is of concern. Memory disorders after
WBRT have prompted investigations of the effectiveness of
hippocampal-sparing WBRT in patients who can expect
long-term survival (22, 23). Memantine may be effective for
preventing memory decline after WBRT (24).

We clarified the outcome of DM-only patients who
received WBRT however, the study limitations include its
retrospective design and the small number of DM only
patients, which made it impossible to compare changes in
symptoms and imaging findings in patients with BM/LM and
those with DM only. This limitation may be addressed in
future multicenter international. 

Conclusion

WBRT can be considered for patients with DM alone for
symptom improvement and preventing DM related death.
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