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Abstract

Background: Brain metastasis (BM) is a rare event in ovarian cancer patients. The current prognostic scores that
have been used for other tumors do not account for specific characteristics of ovarian cancer, such as platinum
sensitivity.

Methods: This retrospective cohort study examined patients with ovarian carcinoma and BM who were treated at a
single institution from January 2007 to December 2017. Clinical data on the diagnosis of BM and follow-up were
collected. Cox regression was used to evaluate prognostic factors for overall survival (OS).

Results: Of 560 patients, 26 presented with BM. Eight patients were treated with surgery, 15 with whole-brain
radiotherapy (RT), and 5 with stereotactic RT, and 4 patients received systemic treatment at the diagnosis of BM.
The median OS was 10.8 months. The following factors were associated with OS: platinum-sensitive recurrence (HR
0.34, 95% Cl 0.12-0.99; p = 0.049), higher number of previous treatment lines (HR 1.57, 95% Cl 1.12-2.19; p = 0.008),
ECOG performance status (HR 2.52, 95% Cl 1.24-5.09; p = 0.010), and longer interval from initial diagnosis to BM

(p =0.025). Notably, the number of brain metastasis, the largest tumor size, and progression outside of the CNS
were not related to survival. Platinum sensitivity was not associated with any of the classic prognostic factors in
brain metastasis patients such as number or size of brain metastasis or disease progression outside the CNS
strengthening the hypothesis of the importance of platinum sensitivity to the prognosis of ovarian cancer patients
with BM.

Conclusions: The factors related to the biological behavior of the ovarian cancer such as platinum sensitivity at the
time of BM diagnosis, fewer number of previous treatment lines and interval from initial diagnosis were associated
with survival in ovarian cancer patients with BM, while factors that are usually related to survival in BM in other
cancers were not associated with survival in this cohort of ovarian cancer patients. The small number of patients
did not allow us to exclude the prognostic role of these former factors that were not associated with survival in the
present cohort.
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Background

Ovarian cancer is the eighth most frequent cancer
among women, amounting to 295,414 cases worldwide
in 2018 [1]. It is the most lethal gynecological cancer, ac-
counting for 2.5% of female malignancies but 5.0% of
deaths due to cancer in women [2]. Brain metastasis
(BM) is an uncommon event in ovarian cancer patients
and is estimated to occur in 0.3 to 12% of patients, de-
pending on the series. The highest frequencies have been
seen in more recent series, likely due to the advent of
more accurate diagnostic tools and longer survival in
this era of new treatment options [3].

BM can be treated with various combinations of surgery,
whole-brain radiotherapy, and stereotactic radiotherapy.
Combination of surgery and radiotherapy yields better sur-
vival than single modality treatment alone, and the progno-
sis is a key component of the treatment decision, surgery
usually reserved for patients with 1 to 3 lesions, controlled
systemic disease and good performance status [4]. The re-
sponse to systemic treatment including chemotherapy or
targeted therapy in the BM seems to parallel the response
of the primary tumor [4].

Classical prognostic scores as the RTOG Recursive Parti-
tioning Analysis (RPA), and the grade prognostic index
(GPA) have mainly accounted for primary tumors with the
highest frequencies of BM, such as melanoma and lung,
breast, and kidney cancer [5, 6]. Aiming to refine the prog-
nostic evaluation for specific primary tumor sites the
Disease-Specific Grade Prognostic Index (DS-GPA) was de-
veloped, for which only melanoma, lung, breast, kidney, and
gastrointestinal cancer have been studied [7]. In the classical
non-disease specific scores and in the scores for most stud-
ied primary sites, age, KPS, extracranial metastases, and the
number of BMs are relevant prognostic factors [5-7].

Due to its rarity, BM from ovarian carcinoma is under-
represented in these studies. BM from ovarian carcin-
oma has been lumped with other primary gynecological
tumors [8—12] and in small series of ovarian carcinoma
cases [13—18]. Only 2 recent series presented more than
40 ovarian carcinoma patients with BM [13, 15]. In these
series the prognostic factors most often associated with
survival were performance status, size and number of
brain metastasis [8—18]. Only three of these series evalu-
ated platinum sensitivity at the time of BM diagnosis as
prognostic factors for survival [13, 15, 16].

In this study, we evaluated prognostic factors in a co-
hort of ovarian cancer patients who presented with BM,
considering the specific characteristics of ovarian cancer
treatment and its natural history.

Methods

Patients

This retrospective cohort study comprised all consecu-
tive patients with ovarian carcinoma who were treated at
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A.C. Camargo Cancer Center from January 2007 to De-
cember 2017, irrespective of the date of diagnosis, and
who developed brain metastasis (BM).

The study was conducted in accordance with the Dec-
laration of Helsinki ethical guidelines and approved by
the institutional Ethics Committee (CEP# 2649/18).

Clinical data

Clinical findings were retrieved from the medical re-
cords. Baseline characteristics included the date of diag-
nosis, age at diagnosis of ovarian cancer, tumor
histological subtype, staging, residual disease after
debulking surgery, and personal history of ovarian and
breast cancer. Clinical characteristics at the time of the
diagnosis of BM included: type of recurrence regarding
platinum sensitivity, number of previous chemotherapy
treatment lines, sites of metastatic disease, status of
extra-nervous system disease progression, number of
BMs, size of largest BM, platinum-free interval, and time
from diagnosis. Data on treatment modality at the time
of BM were also retrieved.

Recurrence was defined per the GCIG (Gynecological
Cancer Intergroup) criteria for CA125 progression or
per RECIST (Response Evaluation Criteria in Solid Tu-
mors) for image studies obtained from the medical re-
cords. The date of the earliest event was considered for
progression [19, 20]. Recurrence that was detected after
6 months of the last platinum infusion was defined as
platinum-sensitive recurrence, whereas that within 6
months was considered platinum-resistant recurrence.
All recurrences that followed the initial platinum-
resistant recurrence were also considered to be
platinum-resistant. Overall survival was defined as the
interval between the date of the diagnosis of BM and
death due to any cause. The interval between the date of
the last platinum compound infusion and the date of the
diagnosis of BM was defined as the platinum-free inter-
val (PFI).

Statistical analysis
Frequencies, medians, and interquartile range (IQR)
were used to describe the patients’ characteristics. The
association between clinical characteristics was tested by
Qui-square Test or Fisher’s Exact test when necessary.
Overall survival curves were plotted by Kaplan-Meier
method and we used log-rank test to test the association
between clinical characteristics and overall survival. Haz-
ard ratios were calculated by Cox regression analysis,
but due to the small number of patients, only univariate
analysis was performed.

When necessary, continuous variables were dichoto-
mized using the medium value of the cohort as the cut-
off. The statistical analysis was performed using SPSS v.
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21.0 (SPSS, Chicago, IL, US), adopting a two-tailed p
value < 0.05 as significant.

Results

Of the 560 patients with ovarian carcinoma treated at
A.C. Camargo Cancer Center from January 2007 to De-
cember 2017, 26 (4.6%) developed BM during the
follow-up. The median age at the diagnosis of BM was
63.0 years, and the median time from the primary diag-
nosis to BM was 31.7 months; most patients presented
with high-grade serous carcinoma and had a negative
family history for breast or ovarian cancer and an ECOG
performance status of 0 or 1 (Table 1).

Approximately 50% of the patients experienced a re-
currence that was classified as platinum-sensitive, 46.2%
was treated with just one previous line of chemotherapy,
and 57.4% did not have concurrent disease progression
outside of the central nervous system, and in 6 (23.2%)

Table 1 Clinical characteristics of the 26 ovarian cancer patients
with brain metastasis

Freq. (%)
63.0 (54.1-65.7)

Characteristic
Age (median / IQR)

Family history
Present 5(19.2)
Absent 19 (73.1)
Unknown 2(7.7)
Histology
High grade serous 17 (65.4)
Endometrioid 2(7.7)
Undifferentiated 2(77)
Carcinossarcoma 1(3.8)
Mixed 1(3.8)
Unknown 3(115)
FIGO stage
-1 20 (76.9)
I\ 5(192)
Unknown 1(3.8)
ECOG performance status
0 4(154)
1 12 (46.2)
2 2(7.7)
3 3(11.5)
Unknown 5(19.2)
Residue disease after first surgery
>1cm 18 (69.2)
<lcm 5(19.2)
Unknown 3(11.5)
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of these patients BM was the only site of metastatic dis-
ease. The number of BMs varied widely, and one-third
of patients presented with a single BM, compared with
one-fourth who developed multiple (>20) BMs. The me-
dian size of the BMs was 3.2 cm. Roughly 80% of pa-
tients were treated with radiotherapy; 8 patients (20.8%)
underwent surgery, all of whom were administered
whole-brain radiotherapy or stereotaxic radiotherapy
afterward (Table 2).

Overall survival

At a median follow-up of 18.7 months since the diagno-
sis of BM, the median overall survival was 10.8 months
(Fig. 1). Of the 18 patients who died, the cause of death
was related to BM in 13 patients (72.2%). For the other
5 patients who died the cause of death was: bowel ob-
struction due to peritoneal carcinomatosis in two pa-
tients, respiratory failure due to lung metastasis in one

Table 2 Characteristics of CNS metastasis

Characteristic Freq. (%)
Time-point of CNS metastasis

Platinum sensitive 14 (53.8)

Platinum resistant 11 (423)

Unknown 1338
Previous CT lines before diagnosis CNS metastasis

1 12 (46.2)

2 277

3 3(11.5)

4 5(19.2)

5 3(115)

Unknown 1(3.8)
BM as only site of metastatic disease

Yes 6 (23.2)

No 20 (76.9)
Extra-CNS disease progression

Yes 11 (426)

No 14 (53.8)

Unknown 1(3.8)
Number of metastasis (median /IQR) 45 (1-20)
Metastasis size (median/IQR) 32 (2.1-37)

109 (4.2-22.4)
31.8 (18.9-55.8)

Platinum free interval (median/IQR)

Time from diagnosis (median/IQR)

Treatment
Surgery + WBRT or SRT 8 (30.8)
WBRT 15 (57.7)
SRT 5(19.2)
Chemotheraphy 4 (15.4)

IQR Interquartile range, FIGO International Federation of Gynecology and
Obstetrics, ECOG Eastern Cooperative Oncology Group

CNS Central nervous system, CT Chemotherapy, /QR Interquartile range, WBRT
Whole brain radiotherapy, SRT Stereotaxic radiotherapy
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Fig. 1 Overall survival for the 26 patients with brain metastasis from
ovarian carcinoma. The median overall survival was 18.8 months

patient and pleural metastasis in another patient, and
cholangitis due to liver metastasis in one patient. The
following factors were associated with overall survival:
platinum-sensitive recurrence (HR 0.34, 9y5% CI 0.12—
0.99; p=0.049), higher number of previous treatment
lines (HR 1.57, 95% CI 1.12-2.19; p = 0.008), and ECOG
performance status (HR 2.52, 95% CI 1.24-5.09; p =
0.010) (Fig. 2 and Table 3).
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Using median values as cutoffs for continuous vari-
ables, the time from diagnosis was associated with over-
all survival (HR 3.27, 95% CI 1.10-9.71, p = 0.033), and
patients with 4 or fewer BMs had better overall survival
compared with those with 5 or more BMs (HR 2.91, 95%
CI 0.95-8.99; p =0.063). Median tumor size larger than
3.2 cm (HR 1.02, 95% CI 0.338-3.05, p = 0.979), and pro-
gression outside of the CNS (HR 0.52, 95% CI 0.18-1.53,
p =0.236) were not associated with survival (Fig. 3 and
Table 3).

Association of platinum sensitivity and characteristics of
brain metastasis

In order to evaluate if the association of platinum sensi-
tivity with survival was due to a confounder effect of its
association with the classic prognostic factors, we evalu-
ated the association of platinum sensitivity with other
clinical characteristics.

Residual disease after the initial surgery (primary
debulking or interval debulking surgery) that exceeded 1
cm was related to the diagnosis of BM in the platinum-
resistant setting. All 5 patients with residual disease > 1
cm had a diagnosis of BM in the platinum-resistant set-
ting (p=0.014). A diagnosis of BM after 3 or more
chemotherapy treatment lines was also associated with
platinum resistance, 11 of 14 patients with less than 3
previous treatment lines had platinum sensitive
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Fig. 2 Overall survival according to clinical characteristics. a Platinum sensitivity, b performance status, ¢ number of previous treatment lines, and
d time from primary diagnosis to the diagnosis of brain metastasis (TFDg). p values calculated by Log Rank test
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Table 3 Univariate analysis for Overall Survival
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recurrence while 3 of 11 patients with more than 3 pre-
vious treatment lines had platinum resistant recurrence

~N

Characteristic HR (95% Cl) p value
Age? 1.02 (0.96-1.08) 0493 at the time of diagnosis of BM (p = 0.017).
ECOG performance status® 252 (125-5.00) 0,010 Notab%y, there was no assgcmhon be'tween a dlag:nosw
Earmily History of Breast or Ovarian C of BM in the platinum-resistant setting and having 1
ami IStory Of breast or Ovarian Lancer .
/ / versus > 1 metastasis (p = 0.423), BM larger than 3.2 cm
No ! SEE (median for the cohort) (p =0.650), or concurrent dis-
Yes 073 (0.23-230) ease progression outside of the central nervous system
Histology (p = 1.00). Moreover, the number of deaths that were at-
HGCS 1 0747 tributable to BM was similar in patients who were diag-
Other histologies 081 (022-3.00) nose‘d. with BM in the platinum-resistant and platinum-
_ ) _ sensitive settings—3 of 5 (60.0%) and 6 of 13 (46.2%), re-
Time-point of CNS metastasis .
4 N spectively (p = 1.00).
Platinum sensitive 1 0049 Other factors such as family history of breast or ovar-
Platinum resistant 289 (1.01-831) ian cancer (p = 1.00), high grade serous carcinoma hist-
Previous lines before diagnosis of BM® 157 (1.12-2.19) 0.008 ology (p =1.00) and FIGO stage (p = 1.00) were also not
Disease progression outside CNS associated with platinum sensitivity at the time of BM
No 1 0236 diagnosis (Table 4).
Yes 0.52 (0.18-1.53 . .
. © ) Discussion
Number of metastasis 106 (099-1.13) 0.104 BM from ovarian cancer is a rare but severe event in the
Metastasis size” 083 (049-1.39) 0473 course of the disease. In this study, of 560 ovarian cancer
Time from diagnosis® 1(1.00-1.01) 0.200 patients, we evaluated data on 26 patients who devel-
Platinum free interval® 099 (093-1.05) 0.747 oped BM. Their overall survival was poor, with a median
ECOG Eastern Cooperative Oncology Group, HGSC High grade serous overall survival of 10.8 months’ and 72% of them died
carcinoma, CNS Central nervous system due to the BM. Performance status, a diagnosis of BM in
evaluated as continuous variables the platinum-resistant setting, the time from the initial
diagnosis to that of BM, and the number of previous
treatment lines correlated with shorter survival. Notably,
the number and size of BMs and the presence of disease
A) B)
0.9—
_ p=0.052 _ p=0.228
g . __<4lesions E ) __No progression outisde CNS
"’ --- > 5 lesions v --- Progression outisde CNS
Tos i =
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1 1 U | U |
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Fig. 3 Overall survival according to clinical characteristics. a Number of metastatic lesions to the brain, b disease progression outside of the CNS,
and c size larger than 3.2 cm (median for the cohort). p values calculated by Log Rank test
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Table 4 Association of clinical characteristics and platinum
sensitivity

Characteristic Platinum-sensitivity ~ Platinum-resistance  p*

Frequency (%) Frequency (%)

Family History of Breast or Ovarian Cancer

No 10 (55.6) 8 (44.4) 1.000
Yes 3 (60.0) 2 (40.0)

Histology
HGCS 10 (52.6) 9 (474) 1.000
Other histologies 2 (66.7) 1(33.3)

FIGO stage
-1l 11 (55.0) 9 (45.0) 1.000
v 2 (50.0) 2 (50.0)

Residual disease after primary surgery
<lcm 12 (66.7) 6 (33.3) 0.014
>1cm 0(0) 5 (100)

Disease progression outside CNS
No 8 (57.1) 6 (42.9) 1.000
Yes 6 (54.5) 5(455)

Number of metastasis
1 6 (66.7) 3(333) 0423
>1 7 (46.7) 8(53.3)

Largest size of brain metastasis
<3.2cm (median) 5 (50.0) 5 (50.0) 0.650
>32cm (median) 6 (66.7) 3(333)

Number of previous lines of CT
<3 11 (78.6) 3(214) 0.017
523 3(273) 8(72.7)

Death directly related to BM
No 2 (40.0) 3 (60.0) 1.000
Yes 7 (53.8) 6 (46.2)

HGSC High grade serous carcinoma, CNS Central nervous system, BM Brain
metastasis *p values calculated with Exact Fisher's test

outside of the central nervous system were unrelated to
survival.

A poor median overall survival from the diagnosis of
BM has been observed in other series. The 2 largest pre-
vious series and 1 systematic review reported a median
overall survival of 6.2 months, [13] 8.2 months, [3] and
12.0 months, [15] respectively. The impact of BM on
survival could be underestimated if it is mistaken for a
late event in patients toward the end of life who die from
other mechanisms that are related to systemic disease.
In our study, 72.2% of deaths were directly attributable
to BM, and 57.4% did not have concurrent disease pro-
gression outside of the central nervous system; these
rates did not differ between patients with platinum-
sensitive and platinum-resistant recurrence. An earlier
study that evaluated the prognostic impact of various
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sites of recurrence in ovarian cancer showed that pa-
tients with BMs have the worst prognosis [21]. Collect-
ively, these data suggest that BM is not an indirect
marker of late-stage disease but is instead a direct mech-
anism of death in most ovarian cancer patients with BM.

Platinum-free interval is one of the most important
prognostic factors in the recurrence of ovarian cancer
[22]. Most previous series of patients with BM from
ovarian cancer did not consider this specific characteris-
tic of ovarian cancer patients. Sehouli et al. screened
4077 ovarian cancer patients to find 74 patients with
BM and showed that a diagnosis of BM in the platinum-
sensitive setting was associated with better survival, with
an HR of 0.23 [13]. Liu et al. analyzed 29 patients and
also noted a correlation between platinum sensitivity
and overall survival, wherein patients who experienced
platinum-resistant recurrence had a 5.13-fold greater
chance of death [16]. The more recent and larger MITO
study evaluated platinum sensitivity as a prognostic
marker and found no link between platinum sensitivity
and the prognosis [15]. However, it defined platinum
sensitivity based on the platinum-free interval of the first
recurrence, whereas our study, Sehouli et al, and Liu
et al. classified platinum sensitivity, based on the
platinum-free interval at the time of the diagnosis of the
BM [13, 16]. Among published series these three studies
were the only ones that reported the prognostic impact
of PFI in the moment of BM diagnosis, and the last one
from the MITO group used a different definition of plat-
inum sensitivity. With our study we add data on the im-
portance of PFI in the decision-making process in this
scenario.

A higher number of previous treatment lines and a
longer interval since the primary diagnosis to the diag-
nosis of BM were associated with a shorter survival.
These findings highlight the importance of the behavior
of the disease with regard to the prognosis, because pa-
tients with more treatment lines and a longer period
since the primary diagnosis are at greater risk of
platinum-resistant recurrence. In our study, patients
with 3 or more previous treatment lines had a higher
likelihood of platinum-resistant recurrence. Although
the time from the primary diagnosis has been evaluated
in other series, with varying results, [17, 18] the number
of previous treatment lines has not been examined.

Among the classical prognostic factors for survival in
patients with BM [5, 6], only performance status was
relevant in our study. Age, disease progression outside
of the central nervous system, and the number and size
of BMs have been linked to overall survival in previous
studies [3, 13—15, 18] but were unrelated to overall sur-
vival in our cohort. None of these factors was related to
platinum sensitivity at the time of BM, arguing against
platinum sensitivity as a confounding factor.
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We did not have data on BRCA status for our patients,
but 7 studies have reported these data for 37 patients
with BM. Among them, 21 patients carried a pathogenic
BRCA mutation [13, 23-25]. There are no data for ovar-
ian cancer patients with BM regarding the prognostic
impact of BRCA mutations. Disease-specific prognostic
scores for breast [7] and lung cancer [26] have already
incorporated molecular subtypes and driver mutations.
This deficiency is a limitation of our and previous re-
ports on ovarian cancer and should be considered in fu-
ture studies.

Other study limitations are due primarily to the small
number of patients, limiting the multivariate analysis
what does not allow us to completely exclude the possi-
bility of confounding factors leading to the results seen
in univariate analysis, and generating low statistical
power in excluding the importance of prognostic factors
that are otherwise not associated with survival. However,
considering the rarity of BM in ovarian cancer patients,
this series has yielded significant data, recognizing the
factors that are specific to ovarian cancer patients, such
as platinum sensitivity and multiple lines of treatment.

Conclusions

In conclusion, the factors that are related to platinum
sensitivity and BM as an early event during the course of
the disease appear to be more related to survival than
the classical factors that are usually associated with sur-
vival in BM from other cancers.
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