ORIGINAL ARTICLE

SPECTRUM OF CAUSES OF CEREBRAL METASTASIS:
A STUDY OF 16 CASES

Naeem Ul Haq, Mumtaz Ali, Muhammad Ishfaq Khattak, Farooq Azam
Department of Neurosurgery, Lady Reading Hospital, Peshawar, Pakistan

ABSTRACT

Background: Brain metastasis is the most common neurologic complication of systemic cancer. The aim of this
study was to know about the spectrum of causes of cerebral metastasis.

Material & Methods: This cross-sectional study was conducted at Neurosurgery Department, Lady Reading
Hospital, Peshawar from January 2013 to December 2014. After taking consent from ethical research committee
all patients of both genders irrespective of their age who had brain metastasis based on MRI brain and histopa-
thology results were included in the study and those with primary brain tumors confirmed on histopathology and
Patients with coagulopathy, unfit for GA, not willing for surgery were excluded from the study. Patients particulars
like age, gender, pre-operative symptomology, primary site of metastasis, location of metastasis and type of
treatment given were recorded on predesigned proforma. Data was analyzed by SPSS version 20 and results
were represented in the form of graphs and tables.

Results: We studied 16 cases; 10(62.5%) males and 6(37.5%) females. The age range was from 14 to 92 years
(mean 53 years). Headache and seizures were present in 5(31.25%) cases each, weakness/hemiplegia and cog-
nitive/behavioral disturbance in 4(25%) cases each, ataxia in one (6.25%) and one (6.25%) were asymptomatic.
In 12(75%) cases Kernofsky Performance Score was >70 and in 4(25%) cases <70. Origin of cerebral metastasis
was from the lungs in 7(43.75%) patients while from breast in 3(18.75%) cases.

Conclusion: Cerebral metastasis occurs in old age mostly in males. The most common mode of presentation
is headache, seizures, behavioral disturbance and neurological deficits. Lung tumors have greatest propensity
to metastasize to the brain.
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INTRODUCTION

Brain metastases are the most common neuro-
logic complications of systemic cancer in 10% to 30%
of adult patients.” The occurrence of brain metasta-
ses reflect poor outcome and is often considered
to be the terminal stage in a patient with systemic
malignancy.?® They are four times more common
than the primary brain tumors and occur in about

Brain metastases are located in the brain according
to the size; in the cerebral hemispheres in about 80%,
in the cerebellum in 15% and in the brainstem in 5%
of patients.® Most brain metastases originate from the
lung 40-50%, breast 15-25%, melanoma 5-20%, and
kidney 5-10% while in children the common sources
of brain metastases are sarcomas, neuroblastomas,
and germ cell tumors.”

25% of all patients with cancer.* The incidence of
brain metastases is increasing because of early di-
agnosis due to improved imaging techniques, more
frequent use of brain magnetic resonance imaging
(MRI) for asymptomatic patients, and more effective
systemic treatment regimens that can prolong life,
permitting the cancer to disseminate to the brain.®
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Although most of these metastatic brain tumors
can have a known primary site such as lung or breast
carcinoma, there remain a number of cases (10-15%)
in which a thorough search fails to identify the prima-
ry site.®® Tumor from the primary site spreads to the
brain by hematogenous root and they are located
beneath the grey and white matter junction.* The
clinical presentation of brain metastases is similar to
that of other brain tumors and includes headache,
focal neurologic deficit, cognitive dysfunction and
seizures. Headache occurs in approximately 40%
to 50% of patients with brain metastases. Focal
neurologic dysfunction is the presenting symptom
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in 20% to 40% of patients. Hemiparesis is the most
common complaint, but the precise symptoms vary
depending on the location of tumor in the brain.™
Brain metastasis is diagnosed on neuroimaging CT
and MRI brain with MRS confirmed on histopathol-
ogy. Contrast enhanced computed tomography is
used widely because of easy availability and low cost.
Contrast enhanced MRI is more sensitive scanning in
detecting brain metastases, especially small lesions
or metastases situated in the posterior fossa. MRl is
recommended for patients with a apparently single
metastasis on a CT."

Radiographically, metastases are ring enhanc-
ing lesions, located at the grey white matter junction
surrounded usually by significant edema. Unlike pri-
mary brain tumors, metastatic lesions rarely involve
the corpus callosum or cross the midline.” Along
with the conventional diagnostic tools, application
of the metabolic imaging modalities like SPECT, PET
scan contribute further for diagnosis. Goals of the
treatment are; to reduce mass effect and increased
intracranial pressure; provide treatment for medical
complications, such as seizures, venous thrombosis,
and side effects from medication and offer definitive
treatments that prolong survival and quality of life.
Medical treatment in the form of steroids is the emer-
gency treatment because it reduces brain edema.’
Surgical resection is recommended mainly for pa-
tients with a single brain metastasis in an accessible
location, especially when the tumor size is large and
causing a considerable mass effect or obstructive
hydrocephalus. Surgery is also recommended in
patients with good performance status, who are
functionally independent and in whom systemic
disease is limited.

However, surgery is not recommended in ra-
diosensitive tumors like small cell lung carcinoma,
germ cell tumor, leukemias and lymphomas.' Sur-
gical resection and gamma knife radio-surgery are
alternative options for the treatment of patients with
brain metastases.’>'® Microsurgery, radio-surgery
and radiation therapy are not given in combination,
rather after surgical resection Gamma knife radio-
surgery or whole brain radiotherapy is given for
management of brain metastasis.'®?* As there are
many primary malignancies like lung, breast, thyroid
giving rise to cerebral metastasis, but there is no local
data available, so we conducted this study to know
about local causes of brain metastasis, so that this
grave malignancy may be timely managed.

MATERIAL AND METHODS

This cross-sectional study was conducted at
Department of Neurosurgery, Lady Reading Hospital,
Peshawar, Pakistan from January 2013 to Decem-
ber 2014. Approval was taken from the hospital
ethical committee. Sixteen patients of both genders
irrespective of age, admitted with the diagnosis of

cerebral metastasis (diagnosed on imaging like CT
or MRI brain, with MRS and other sequences con-
firmed on histopathology) were included in the study.
Patients with gliomas or other primary brain tumors,
coagulopathy, those unfit for GA and not willing for
surgery were excluded from the study. Patients were
admitted through OPD or casualty in case of severe
seizures, headache, vomiting, or loss of conscious-
ness. After admission all patients were subjected to
detailed history, history of primary cancer and neu-
rological examination. Hematologic tests like FBC,
urea, sugar, serologic tests like HBSAg, Anti-HCV
and other baseline investigations were done. All
patients were operated after establishing a neuro-ra-
diological diagnosis. Neuro-radiological investiga-
tions included CT and MRI brain with and without
contrast with all sequences. Pre-operative work-up
was done including fitness for general anesthesia.
All patients initially managed conservatively, were
put on dexamethasone and anticonvulsants. All 16
(100%) patients underwent craniotomy, biopsy and
microsurgical tumor excision was done. For tissue
diagnosis biopsy specimens were sent to laboratory
on the same day. All cases were reported by senior
pathologist. Patients were kept in ICU for 24 hours
and then shifted to the ward. On 5th post-operative
day all patients were discharged. Data of all patients
collected. Primary cause of brain metastasis based
on history, neuro-imaging and histopathology were
noted. The data was collected by a performa and
analyzed using SPSS version 20. Results were ex-
pressed in the form of tables/graphs/charts.

RESULTS

We studied 16 cases. Among these 10 (62.5%)
were males and 6 (37.5%) females. Age ranged
from 14 to 92 years (Mean 53 years). Regarding the
presenting complaints, headache was present in 5
(31.25%), weakness/hemiplegia in 4 (25%), seizures
in 5 (31.25%), cognitive and behavioral disturbance
in 4 (25%), ataxia in one (6.25%) and one (6.25%)
patients were asymptomatic. (Fig. 1)

CT or MRI brain was performed in all cases.
These showed multiple lesions in 13 (81.25%) pa-
tients and single lesion in 3 (18.75%) cases. (Fig. 2)
Kernofsky Performance Score was >70 in 12 (75%)
cases and <70in 4 (25%) cases. Metastatic disease
was supratentorial in 13 (81.25%) and infratentorial
in 3 (19.75%) cases. Surgical treatment was given
to all (100%) patients.

Gross total resection was done in 3 (18.75%)
and subtotal resection and biopsy was done in 13
(81.25%) patients. Primary tumors were found in 14
(87.5%) while primary site remained undiagnosed in
2 (12.5%) patients. Lung was found as the cause of
cerebral metastasis in 7 (43.75%) patients, breast in
3 (18.75%), skin malignant melanoma in 2 (12.5%),
genitourinary cancer in one (6.25%), gastrointes-

Gomal Journal of Medical Sciences July-September 2015, Vol. 13, No. 3 184



Spectrum of causes of cerebral metastasis

Table 1: Multiple variables of cerebral
metastasis (n=16).

Variables of cerebral Fre- Relative
metastasis quency | frequency
Systemic disease 14 87.5%
No systemic disease 2 12.5%
Kernofsky Performance 12 75%
Score >70
Kernofsky Performance 4 25%
Score <70
Supratentorial 13 81.25%
Infratentorial 3 19.75%
Gross total resection 3 18.75%
Subtotal resection and 13 81.25%
biopsy
Metastasis from lungs 7 43.75%
Metastasis from breast 3 18.75%
Metastasis from skin 2 12.5%
malignant melanoma
Metastasis from 1 6.25%
genitourinary cancer
Metastasis from gastroin- 1 6.25%
testinal tract
Metastasis from unknown 2 12.5%
primary source
6
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Figure 1: Pre-operative signs and symptoms of
patients with cerebral metastasis (n=16).

ﬁ

Figure 2: MRI of brain showing cerebral metastases.

tinal tract in one (6.25%) and primary source was
undiagnosed in 2 (12.5%) patients. Whole brain
radiotherapy was given to 2 (12.5%) patients before
surgery. (Table 1)

DISCUSSION

We studied 16 cases of brain metastasis and
evaluated them for the causes. In the last 50 years,
there has been nearly a five-fold increase in the
overall prevalence of brain metastases and the ratio
between metastatic to primary brain tumors is now
almost equal. Brain metastases significantly increase
the morbidity and mortality in cancer patients.?>2 Tu-
mors from distant areas spread to the brain through
a vicious circle: tumor from the primary organ (e.g.
breast cancer) transformation, genetic change,
growth angiogenesis, invasion, transportation, in-
travasation into blood or lymph vessel, circulation,
arrest in 1st capillary bed of CNS organ (brain, lep-
tomeninges), transportation inside brain, passage
to arterial circulation, arrest in CNS capillary bed,
extravasations, angiogenesis and growth.27-3

Patients with brain metastasis commonly pres-
ent with headache, seizures, hemiplegia, cognitive
and behavioral abnormalities. In our study we found
headache in 31.25% patients, seizures in 31.25%
hemiplegia in 25% and cognitive and behavioral ab-
normality in 25% patients each. In a series headache
was reported as the commonest clinical presentation
observed in 49% of patients followed by mental
changes in 32%, focal weakness in 30% and seizures
in 18% of patients which is comparable to our study
regarding headache, but they found focal weakness
as second more frequent symptom. Victor® found
that headache in 42% and seizure in 21% as the two
most common presenting symptoms. In addition,
35% of patients had cognitive dysfunction and 30%
had motor dysfunction. His results are comparable
to our study.

Inside the brain cerebral metastasis are more
common in supratentorial as compared to infraten-
torial compartment. In our study we had supraten-
torial lesions in 81.25% patients and infratentorial in
19.75% patients. Approximately 80% of lesions were
found in the cerebrum, 15% in the cerebellum and
5% in the brainstem as opined by Nussbaum et al.®®
Our results are closer to their results.

We evaluated all patients for primary source
causing cerebral metastasis. Lung was the cause
of cerebral metastasis in 43.75% cases, breast in
18.75%, skin malignant melanoma in 12.5%, genito-
urinary and gastrointestinal cancer in 6.25% patients
each, while the primary source was unknown in 2
12.5% patients. Victor studied 2700 cases in New
York Cancer Center and showed the distribution
of primary cancers as 48% lung, 15% breast, 9%
melanoma, 1% lymphoma, 3% gastrointestinal, 11%
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genitourinary (21% kidney, 46% testes, 5% cervix,
5% ovary), 10% osteosarcoma, 5% neuroblastomas
and 6% head and neck tumor.?® Our results closely
correlate with his results. While Lassman and De
Angelis reported percentages of patients developing
brain metastases for specific primary histologies as
18 64% lung cancer, 2 21% breast cancer, 2 12%
colorectal cancer, 4 16% melanoma, 1 8% kidney,
1 10% thyroid and 1 18% unknown primary.?” In
that study colorectal cancer was the 3rd common
cause of cerebral metastasis, while in our study we
had malignant melanoma the 3rd common cause of
cerebral metastasis. Limitation of our study was that
we had small number of patients.

CONCLUSION

Cerebral metastasis occurs in old age people
mostly in males. The most common mode of presen-
tation is headache, seizures, behavioral disturbance
and neurological deficits. Lungs tumors have great-
est propensity to metastasize to the brain.

REFERENCES

1. DeAngelis L, Posner J: Intracranial metastases.
In: Neurologic Complications of Cancer. Edited
by DeAngelis L, Posner J. New York Oxford Uni-
versity Press; 2009: p. 141-93.

2. Mintz AH, Kestle J, Rathbone MP, Gaspar L,
Hugenholtz H, Fisher B, et al. A randomized trial
to assess the efficacy of surgery in addition to
radiotherapy in patients with a single cerebral
metastasis. Cancer 2006; 78: 1470-6.

3. Egawa S, Tukiyamal l, Akine Y, Kajiura Y, Yanagawa
S, Watai K, et al. Radiotherapy of brain metasta-
ses. Int J Radiat Oncol Biol Phys 1986; 12: 1621-5.

4. Delattre JY, Krol G, Thaler HT, Posner JB. Distri-
bution of brain metastases. Arch Neurol 1988;
45: 741-4.

5. Nayak L, Lee EQ, Wen PY. Epidemiology of brain
metastases. Curr Oncol Rep 2012; 14: 48-54.

6. Patchell RA. Metastatic brain tumors. Neurol Clin
1995; 13: 915-25.

7. Graus F, Walker RW, Allen JC. Brain metastases
in children. J Pediatr 1983; 103: 558-61.

8. Bouffet E, Doumi N, Thiesse P. Brain metastases
in children with solid tumors. Cancer 1997; 79:
403-10.

9. Salvati M, Cervoni L, Raco A. Single brain metas-
tases from unknown primary malignancies in CT
era. J Neuro Oncology 1995; 23: 75-80.

10. Forsyth PA, Posner JB. Headaches in patients
with brain tumors: a study of 111 patients. Neu-
rology 1993; 43: 1678-83.

11. Davis PC, Hudgins PA, Peterman SB, Hoffman
JC Jr. Diagnosis of cerebral metastases: Double

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

dose delayed CT vs contrast enhanced MR imag-
ing. Am J Neuroradiol 1991; 12: 293-300.

Schellinger PD, Meinck HM, Thron A. Diagnostic
accuracy of MRI compared to CT in patients with
brain metastases. J Neurooncol 1999; 44: 275-81.

Weinstein JD, Toy FJ, Jaffe ME. The effect of
dexamethasone on brain edema in patients with
metastatic brain tumors. Neurology 1973; 23:
121-9.

Kalkanis SN, Kondziolka D, Gaspar LE, Burri SH,
Asher AL, Cobbs CS, et al. The role of surgical
resection in the management of newly diag-
nosed brain metastases: a systematic review
and evidence-based clinical practice guideline.
J Neurooncol 2010; 96: 33-43.

Al-Shamy G., Sawaya R. Management of brain
metastases: the indispensable role of surgery. J
Neurooncol 2009; 92: 275-82.

Jagannathan J, Yen CP, Ray DK, Schlesinger D,
Oskouian RJ, Pouratian N, et al. Gamma knife
radiosurgery to the surgical cavity following re-
section of brain metastases. J Neurosurg. 2009;
111: 431-8.

Muacevic A, Kreth FW, Horstmann GA, Schmid-El-
saesser R, Wowra B, Steiger HJ, et al. Surgery
and radiotherapy compared with gamma knife
radiosurgery in the treatment of solitary cerebral
metastases of small diameter. J Neurosurg 1999;
91: 35-43.

Schoggl A, Kitz K, Reddy M, Wolfsberger S,
Schneider B, Dieckmann K, et al. Defining the role
of stereotactic radiosurgery versus microsurgery
in the treatment of single brain metastases. Acta
Neurochir 2000; 142: 621-6.

Kano H, Kondziolka D, Zorro O, Lobato-Polo J,
Flickinger JC, Lunsford LD. The results of re-
section after stereotactic radiosurgery for brain
metastases. J Neurosurg 2009; 46: 14-9.

Mandell L, Hilaris B, Sullivan M, Sundaresan N,
Nori D, Kim JH, et al. The treatment of single brain
metastasis from non-oat cell lung carcinoma.
Surgery and radiation versus radiation therapy
alone. Cancer 1986; 58: 641-9.

Muacevic A, Wowra B, Siefert A, Tonn JC, Steiger
HJ, Kreth FW. Microsurgery plus whole brain
irradiation versus Gamma Knife surgery alone
for treatment of single metastases to the brain: a
randomized controlled multicentre phase Ill trial.
J Neurooncol 2008; 87: 299-307.

Truong MT, St Clair EG, Donahue BR, Rush SC,
Miller DC, Formenti SC, et al. Results of surgical
resection for progression of brain metastases
previously treated by gamma knife radiosurgery.
Neurosurgery 2006; 59: 86-97.

Vecht CJ, Haaxma-Reiche H, Noordijk EM,
Padberg GW, Voormolen JH, Hoekstra FH, et al.
Treatment of single brain metastasis:radiothera-

Gomal Journal of Medical Sciences July-September 2015, Vol. 13, No. 3 186



Spectrum of causes of cerebral metastasis

24.

25.

26.

27.

28.

29.

30.

31.

py alone or combined with neurosurgery? Ann
Neurol 1993; 33: 583-90.

Vecil GG, Suki D, Maldaun MV, Lang FF, Sawaya
R. Resection of brain metastases previously treat-
ed with stereotactic radiosurgery. J Neurosurg
2005; 102: 209-15.

Sawaya R, Ligon BL, Bindal RK. Management of
metastatic brain tumors. Ann Surg Oncol 1994;
1: 169-78.

Delattre JY, Krol G, Thaler HT, Posner JB. Distri-
bution of brain metastases. Arch Neurol. 1988;
45: 741-4.

Macaluso M, Paggi MG, Giordano A. Genetic and
epigenetic alterations as hallmarks of the intricate
road to cancer. Oncogene 2003; 22: 6472-8.

Herman JG, Baylin SB. Gene silencing in cancer
in association with promoter hypermethylation.
N Engl J Med 2003; 349: 2042-54.

Marchetti D, Denkins Y, Reiland J, Greiter-Wilke
A, Galjour J, Murry B, et al. Vascular endothe-
lial growth factor-A determines detectability of
experimental melanoma brain metastasis in
GD-DTPA-enhanced MRI. Int J Cancer 2003;
105: 437-43.

Laferriere J, Houle F, Huot J. Regulation of the
metastatic process by E-selectin and stress-ac-
tivated protein kinase-2/p38. Ann N Y Acad Sci
2002; 973: 562-72.

Ridley AJ, Schwartz MA, Burridge K, Firtel RA,
Ginsberg MH, Borisy G, et al. Cell migration:

32.

33.

34.

35.

36.

37.

integrating signals from front to back. Science
2003; 302: 1704-9.

Chang YS, di Tomaso E, McDonald DM, Jones
R, Jain RK, et al. Mosaic blood vessels in tu-
mors: frequency of cancer cells in contact with
flowing blood. Proc Natl Acad Sci USA 2000; 97:
14608-13.

Fidler IJ. Metastasis: guantitative analysis of
distribution and fate of tumor embolilabeled with
125 |-5-iodo-2 c-deoxyuridine. J Natl Cancer Inst
1970; 45: 773-82.

Kumar N, Gupta N, Kishore J. Kuppuswamy'’s
socioeconomic scale: updating income ranges
for the year 2012. Indian J Public Health 2012;
56: 103-4.

Victor TS. Brain metastasis. Medscape reference.
Available from: http://www.emedicine.medscape.
com/article

Nussbaum ES, Djalilian HR, Cho KH, Hall WA.
Brain metastases histology, multiplicity, surgery
and survival. Cancer 1996; 78: 1781-8.

Lassman AB, DeAngelis LM. Brain metastases.
Neurol Clin 2003; 21: 1-23.

GRANT SUPPORT AND FINANCIAL DISCLOSURE

CONFLICT OF INTEREST
Authors declare no conflict of interest.

None declared.

Gomal Journal of Medical Sciences July-September 2015, Vol. 13, No. 3 187



