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Abstract

Introduction: Brain metastasis (BM) is an inauspicious finding
in patients with pancreatic cancer (PC) and significantly increases
morbidity and mortality. Because the presentation is rare, there is a
dearth of information on patient characteristics, treatments, and dis-
ease progression. If PC patients who are most likely to develop BM
can be detected earlier, there is an opportunity for better prognosis.

Methods: This retrospective, non-interventional study was con-
ducted on PC patients. A subset of the data identifying patients with
BM was used as an exploratory cohort. Cox regression analysis deter-
mined patient survival based on the temporal relationship between
PC and BM treated in a single institution.

Results: 926 patient records were identified with PC, of which 31
(3.3%) had metastasized to the brain. Of the patients with BM, 48%
were female, with a median age of 67 years; stage at diagnosis re-
vealed 37% diagnosed at Stage Il and Stage Ill. BM was the first di-
agnosed metastasis in 13 of the 31 patients, and five of those were
with-in 100 days of PC diagnosis. The median overall survival in the
BM group was 29 months. Increased survival time with PC was not as-
sociated with increased risk of developing BM. BM may develop from
PC in initial stages of the primary disease and was not dependent on
increased survival time with PC.

Discussion: BM in PC is rare and typically represents a fatal out-
come. Yet, recent advances in patient-specific and multimodal treat-
ments could signal better prognosis, making earlier detection critical.
To our knowledge, this study with 31 PC patients with BM is the larg-
est to date. From this rare analysis of metastasis patterns and survival
in PC patients, the authors recommend routine cerebral imaging for
PC patients to detect brain metastases. Future, multicenter studies
are planned to investigate the role of patient characteristics in disease
progression and earlier detection strategies for enhanced decision
making and improved survival.
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Introduction

Pancreatic Cancer (PC) is highly metastatic, aggressive, and
often found in an advanced stage [1,2]. PC is difficult to diag-
nose due to its location and the commonality of the symptoms.
Further, it shows resistance to tradi-tional and newer therapies
making treatment of distant metastatic lesions exceptionally
problematic [3]. Metastatic PC is most frequently seen in the
liver, lymph nodes, and lung while, in contrast, brain metastases
(BM) are more rare [4-7]. A recent article reported 25 cases of
BM from pancreatic cancer, which has been the largest study to
date [8]. Jordan and colleagues examined 5824 patients with
PC and found 25 patients (0.4%) with BM. The study identified
a speculative association of germline BRCA1/2 alterations with
BM in PC and noted that survival after BM development was
poor [8].

Low prevalence may be due to poor survival leading to death
before BM develops [8,9]. Others speculate that life expectancy
and length of time living with PC may increase the chance of
metastasis to the brain. This could arise due to the cancer cells’
ability to exist in latency for prolonged periods of time [10].

The incidence rate of brain metastases from all cancers
ranges from 9 to 17% in population-based studies of can-cer
patients [11]. This is likely an underestimate of the actual in-
cidence rate, due to a myriad of factors including incomplete
data sets and misdiagnosis resulting in patients with brain me-
tastases infrequently undergoing autopsies [11]. Ductal adeno-
carcinomas tend to extend into adjacent structures such as the
duodenum, the portal vein, or superior mesenteric vessels. This
could potentially aid in the transport and metastasis of cancer
in distant areas of the body, including the brain. Most patients
are diagnosed in an advanced stage of cancer and may al-ready
have distant metastases growing [12].

Brain metastases in patients with PC significantly increase
mortality as the diagnosis of a BM has been associat-ed with a
survival period of weeks to months [13]. Because of the rarity of
BM from PC, the extant literature lacks an adequate representa-
tion of patient characteristics, treatments, and disease progres-
sion [14]. Therefore, research is needed to include these factors
and to inform strategies for early detection. Based on patient-
specific and treatment-related factors, optimal treatment could
be tailored specifically for each patient, signaling better prog-
nosis [14]. If we understand the patterns that indicate the oc-
currence of brain metastases, we can look for treat-ments that
not only target the primary tumor but also metastases to the
brain [15].

The purpose of this current investigation was to assess sur-
vival based on temporal relationships between PC and BM and
to determine opportunity for earlier detection for better prog-
nosis. This research has the potential to inform future studies as
increased awareness of brain involvement is critical when neu-
rological disorders emerge in patients with PC at earlier stages.

Methods

We performed a retrospective, non-interventional study us-
ing de-identified data, which included data from the electronic
medical record (EMR) system and laboratory information man-

agement systems. A BM subset of the data from adult patients
treated within a single site with PC was identified as an explora-
tory cohort. For this study, the eligible participants were adults
who had been diagnosed with metastatic pancreatic cancer
since 2005. Demographic and clinical data, such as age at pan-
creatic cancer diagnosis, location of primary pancreas tumor,
and stage at diagnosis were collected. Data were extracted, re-
fined, and analyzed to a set of 926 patients. The aim was to
study patient survival based on the temporal relationships be-
tween pancreatic cancer and brain metastases treated in a sin-
gle institution. The hypothesis was, PC patients with BM can be
detected earlier.

Statistical analysis

This retrospective study had institutional review board ap-
proval (IRB# 1453699-1). We employed descriptive statistics,
an analysis of data that helped describe, show or summarize
data in a meaningful way such that, for example, patterns might
emerge from the data. Frequencies and percentages are report-
ed for categorical variables. Medians or means with standard
deviations are reported for continuous variables, as appropri-
ate.

Overall survival was calculated from the date of diagnosis to
either date of last follow-up or death. Cox regression was used
for time-to-event analyses. We used a Cox regression on overall
survival time with an indicator variable for patients who ulti-
mately got a brain metastasis. The model was also adjusted for
age at diagnosis. This is a departure from the usual use of the
regression, where one is trying to explain differences in survival
time using factors known at the beginning of the study time pe-
riod. If brain metastases were associated with extended survival
time, the BM indicator variable would suggest a lower hazard
ratio.

Results

From a total of 926 patients with PC, 31(3.3%) had brain me-
tastases BM, 65% of patients had liver metastases, and 17% had
lung metastases. Of the patients with PC, 20% were non-white,
47% female, and the median age was 67. The site of the prima-
ry tumor within the pancreas was acquired from ICD10 codes:
35% located in the head of the pancreas, 15% in the body, 14%
in the tail, and 36% were in overlapping sites and unspecified lo-
ca-tions. Stage at diagnosis included: 76% Stage IV, 6% Stage I,
15% Stage Il, and 3% Stage | computed tomography or magnetic
resonance imaging was used to detect BM. Of the patients with
BM, 21% were non-white, 48% were female, with a median age
at PC diagnosis of 67 years (range 31 to 84 years). Site of the
primary tumor: 33% were located in the head of the pancreas,
15% in the body, 13% in the tail, and 39% in overlapping sites
and unspecified locations. Stage at diagnosis included: 14%
Stage I, 23% Stage Ill, and 63% Stage IV. The median time to
the development of brain metastases from initial diagnosis of
PC was 304 days. Figure 2 shows the 31 patients and number
of months between PC and BM diagnosis. The median overall
sur-vival in this group of 31 patients with a brain metastasis was
29 months.
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Figure 1: Shows details about location of the primary tumor and
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Figure 2: Shows the 31 patients and number of months between
PC and BM diagnosis. The median overall survival in this group of
\ 31 patients with a brain metastasis was 29 months.
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Regression analysis showed no relationship between ex-
tended PC survival time and brain metastasis development. BM
was the first diagnosed metastasis in 13 of the 31 patients, and
five of those were within 100 days of pancreatic cancer diagno-
sis. The brain metastasis patients revealed the following hazard
ratio (HR=0.91, p=0.60). There was no evidence of association
between age at diagnosis of the BM and age at PC diagnosis,
grouping patients by whether the brain metastasis was the first
metastasis or a subsequent one. BM may develop from PC in
initial stages of the primary disease and was not dependent on
increased survival time with PC (Figure 3).
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Figure 3: BM may develop from PC in initial stages of the primary
\ disease and was not dependent on increased survival time with PC/
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Discussion

Metastasis, the spread of cancer cells in blood and lymphatic
vessels enabling them to colonize in distant organs, has been a
clinical challenge [16]. Although BM are rare in general, they are
especially rare for gastrointestinal cancers [14]. This is also true
for PC as our study, yielding 31 patients with lesions in the brain
is, to our knowledge, the largest study to date.

Discerning patterns in the information gathered from pa-
tients with PC and BM revealed insightful similarities between
them. Pancreatic cancer is diagnosed most commonly among
people ranging from 65 to 74 years of age [1]. Similarly, patients
we analyzed with PC had a median diagnosis age of 67. Pan-
creatic cancer is more common in men than women and our
PC sample was consistent with national data as we had 53%
male and 47% female. The age and sex of the patients in the
BM group were also consistent with national data. For both the
total sample set and the sample of patients with BM, the most
common location for the primary tumor was in the head of the
pancreas.

Metastasis continues to be one of the greatest challenges
in cancer therapy, is a leading cause of cancer mortality, and
thus, earlier detection is critical for improved treatment [17].
This current study showed the median overall survival of 31 BM
patients was 29 months and revealed that a BM was the first di-
agnosed metastasis in 13 of the 31 patients (42%); five of those
were within 100 days of pancreatic cancer diagnosis. An oppor-
tunity for early detection emerged in this study, and with earlier
detection, patient-specific and treatment-related factors could
signal better prognosis. Serres and colleagues [17] showed BMs
were detectable in vivo using VCAM-1 targeted MRI 5 d after
induction, noting clinics could use early detection methods and
increase therapeutic options to be optimally effective; earlier
detection will go beyond a hypothesis when diagnostic meth-
ods are the standard, opening a new window of opportunity for
treatments and survival [17].

Diverse variables, such as the number and size of brain le-
sions, status of primary disease, tumor histology, and general
condition of the patient at time of BM diagnosis are important
factors in disease management [14]. If we understand the pat-
terns and processes that indicate the occurrence of BM, we can
pursue earlier detection and treatments that not only target
the primary tumor but also metastases to the brain [15]. Future
studies are war-ranted to highlight multimodal therapy and sur-
vival to suggest a more personalized decision-making process
[14].

There are several limitations to the study. First, there is a
chance the metastases are related to a primary cancer other
than the pancreatic one, since we don’t have pathology infor-
mation from the BM. It is also important to recognize that data
were not collected for the intention of epidemiological analysis.
Challenges included miss-ing data points and lack of informa-
tion on outcomes after the end of clinical care.

Conclusion

To our knowledge, this is the largest reported study to date
comprising 31 patients with BM of pancreatic origin. Future
studies that include patient-specific and treatment-related fac-
tors could signal better prognosis. Larger, multicenter studies
are planned to investigate the role of patient characteristics
in disease progression and earlier detection strategies for en-
hanced decision making and improved survival.
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