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Abstract

Brain metastases and leptomeningeal disease are rare with pancreatic cancer. Leptomeningeal disease is a
catastrophic complication to have as patients deteriorate rapidly. Patients can present with symptoms of
cranial nerve neuropathies, headache, nausea, and focal neurological deficits. We present a patient with
metastatic pancreatic cancer who was treated initially with FOLFIRINOX (5-fluorouracil, leucovorin,
irinotecan, and oxaliplatin) which resulted in marked clinical and radiologic improvement. However, he
started to develop severe peripheral neuropathy and was switched to maintenance gemcitabine and nab-
paclitaxel. On this regimen, his systemic disease was well controlled but he developed leptomeningeal
carcinomatosis. To our knowledge, this is the first case of leptomeningeal metastases developing in a
patient with pancreatic adenocarcinoma while on treatment with gemcitabine and nab-paclitaxel after
cessation of FOLFIRINOX. We should maintain high clinical suspicion for leptomeningeal disease in
pancreatic cancer, especially when systemic disease is well controlled, as the chemotherapeutic agents may
not be crossing the blood-brain barrier effectively contributing to high morbidity and mortality.
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Introduction

Leptomeningeal disease (LMD) can be defined as metastases of cancer cells to the leptomeninges, which are
thin layers of tissue covering and protecting the brain and spinal cord. Pancreatic cancer rarely metastasizes
to the brain and leptomeningeal metastases are even more rare. The common solid cancers that metastasize
to the leptomeninges are breast, lung, and melanoma [1]. It is a catastrophic complication to have with a
poor prognosis and a median survival of less than two months without treatment [1]. Metastases to the
brain from the pancreas occur in about 0.3% of the cases [2] and LMD is very rare. There are only a few cases
reported in the literature of pancreatic cancer with leptomeningeal metastases [3-34]. We report a case of
metastatic pancreatic cancer whose systemic disease was well controlled on chemotherapy with gemcitabine
and nab-paclitaxel with very good functional status but developed LMD after which the patient deteriorated
rapidly. Pancreatic cancer is still considered a relatively chemo-resistant malignancy and advancement in
treatments may have led to a prolonged period of primary tumor control, but this has not seemed to be the
case when it comes to the central nervous system (CNS) due to the poor penetration of chemo-agents into
the cerebrospinal fluid (CSF). Our case emphasizes the highly aggressive nature of pancreatic cancer with
leptomeningeal involvement and the importance of earlier identification and appropriate treatment to
improve its prognosis.

Case Presentation

A 50-year-old male with no past medical history presented with complaints of one month of postprandial
epigastric pain radiating to his back associated with 20-pound weight loss. He occasionally engaged in social
drinking and had a history of smoking less than one pack a year which he quit 13 years ago. CT of the
abdomen and pelvis with contrast revealed multiple hypoattenuating masses in the right hepatic lobe
measuring up to 3 cm in diameter, concerning for metastatic disease and heterogeneous hypoattenuating
mass in the distal pancreas measuring 4 cm in diameter with likely infiltration into the splenic vein causing
occlusion, as seen in Figure 1. Carcinoma antigen (CA) 19-9 was elevated at 13,383 U/mL (reference range:
<30 U/mL).
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FIGURE 1: CT of the abdomen with oral and intravenous contrast.

Heterogenous and hypoattenuating mass in the distal pancreas measuring 4 cm in diameter.

An ultrasound-guided biopsy of the liver lesion revealed metastatic adenocarcinoma of pancreatic origin.
Figure 2 and Figure 3 depict liver lesion biopsy findings on low-power and high-power microscopes,
respectively. Immunoperoxidase stains were positive for AE1/AE3, CA 19-9, and CK7. CDX2 showed some
positivity and has been reported in pancreas carcinoma but more commonly in colon or stomach
adenocarcinoma. BRCA1/2 mutations were negative. The patient received six cycles of FOLFIRINOX and the
CA 19-9 decreased significantly to 274 U/mL. A repeat CT scan showed a decrease in size and conspicuity of
pancreatic tail mass and significant improvement in hepatic metastases. As the patient developed
neuropathy with oxaliplatin, he was switched to maintenance gemcitabine and nab-paclitaxel.

FIGURE 2: Liver mass biopsy on a low-power microscope.
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FIGURE 3: Liver mass biopsy on a high-power microscope.

Infiltrating poorly differentiated large-cell carcinoma. Results of immunoperoxidase stains favor the liver lesion to
be a metastatic adenocarcinoma of pancreatic origin.

On his third cycle of gemcitabine and nab-paclitaxel, the patient started to complain of headaches, blurry
vision, and unsteady gait for one week. He underwent an MRI of the brain in the emergency room to rule out
brain metastases which showed possible leptomeningeal enhancement within the region of the cerebellum.
He underwent a lumbar puncture (LP) with elevated CSF opening pressure of 26 mmHg with extremely low
CSF glucose, high lymphocyte count, and protein. Gram stain and cultures were negative. CSF studies were
indicative of malignancy. CSF cytology came back negative for malignant cells. We repeated LP and CSF
cytology but it was negative for malignant cells; however, CSF CA 19-9 was elevated at 49 U/mL, and serum
CA 19-9 increased to 449 U/mL from 245 U/mL within 10 days. Figure 4 shows CSF cytology.
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FIGURE 4: Cerebrospinal fluid cytology.

Scattered few ependymal cells in a background of numerous acute inflammatory cells. Negative for malignant
cells.

During the hospital stay, the patient also experienced facial droop and ptosis indicative of facial nerve palsy.
The clinical presentation, MRI imaging, and CSF studies supported the diagnosis of leptomeningeal disease
due to pancreatic adenocarcinoma. He underwent repeat CT of the abdomen and pelvis which showed
complete resolution of pancreatic tail mass and hepatic masses seen on prior CT scans. Radiation oncology
was consulted and the patient was started on radiation therapy to the base of the skull and he also received
dexamethasone therapy. We planned to give capecitabine, irinotecan, and bevacizumab in-patient
chemotherapy, but he only received Irinotecan and bevacizumab as capecitabine was not available. However,
the patient’s performance status deteriorated rapidly within two weeks and he was no longer a candidate for
chemotherapy; hence, a referral for hospice placement was made.

Pancreatic cancer accounts for about 3% of all cancers in the United States and about 8% of all cancer deaths
according to the Surveillance, Epidemiology, and End Results (SEER) data. Five-year relative survival is
12.5% and only 3% for distant pancreatic cancer as per SEER data. Metastases to the brain from the pancreas
occur in about 0.3% of the cases [2], and LMD is very rare. Only a few case reports have been described in the
literature so far. We found only around 30 cases of pancreatic cancer with LMD reported in the literature so
far (PubMed, EMBASE, Ovid, and Google Scholar)

Patients with LMD present with symptoms of cranial neuropathies, focal motor deficits, headache, nausea,
and focal neurological deficits that are pertinent to the location of the involved leptomeninges [1]. The
symptoms occur due to malignant cells blocking CSF drainage/infiltrating the cranial nerves [1]. Our patient
presented with a headache and unsteady gait reflecting cerebellar involvement, and an MRI of the brain
confirmed leptomeningeal enhancement of the cerebellum. Our patient also had facial nerve palsy which
improved with the administration of dexamethasone.

The definitive diagnosis of LMD is by detection of malignant cells on CSF cytology; however, multiple LPs
may be required to establish positive CSF cytology as initial CSF is positive in only about 50% of the patients
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[35]. In our patient, we repeated LP twice but the CSF cytology was negative for malignant cells. However,
the MRI brain findings combined with elevated tumor marker CA 19-9 of 49 U/mL in the CSF and very low
glucose, high protein, and lymphocytes with negative gram stain and bacterial and fungal cultures
confirmed the diagnosis of leptomeningeal metastases. No studies have determined the optimal treatment
regimen for patients with pancreatic cancer and LMD, given the rarity. The data for treatment outcomes is
mainly from single case reports described in the literature. Our patient’s systemic disease was very well
controlled after six cycles of FOLFIRINOX, as demonstrated by the resolution of abdominal disease on the
CT scans. He had no complaints other than severe peripheral neuropathy related to oxaliplatin. It is very
important to note that this regimen contained irinotecan which has good CNS penetration. The decision was
made to switch to gemcitabine and nab-paclitaxel to avoid worsening the patient’s neuropathy. We achieved
control of abdominal disease; however, he progressed with LMD.

In the case report described by Hirota et al. [10], the patient was treated with gemcitabine and whole-brain
radiation therapy and lived 3.5 years after the diagnosis of LMD was made. This case has the longest survival
reported so far. Iwatsuka et al. [23] treated the patient with nab-paclitaxel plus gemcitabine and the patient
lived for almost six months. Ceccon et al. [24] reported a patient treated with gemcitabine plus nab-
paclitaxel who survived for three months. In another case report by Johnson et al. [14], the patient survived
nine months after the diagnosis of LMD and he was treated with capecitabine and irinotecan, intrathecal
topotecan, and bevacizumab, along with total brain irradiation.

Unfortunately, our patient developed LMD while on gemcitabine and nab-paclitaxel with rapid progression
in contrast to what was observed in the previous case reports [10,23,24], which suggests that this regimen
does not ideally penetrate the blood-brain barrier very well. The longer survival benefit seen in these cases
[10,14] might have been due to total brain irradiation.

Along with local radiation to the cerebellum, we planned to administer capecitabine, irinotecan, and
bevacizumab in-patient chemotherapy as there is evidence that these drugs cause blood-brain barrier
[36,37], however, he only received irinotecan and bevacizumab as capecitabine was not available. The
patient’s performance status deteriorated rapidly within two weeks of the diagnosis of LMD making him a
poor candidate for further therapy.

The majority of the patients described in the literature received palliative care and few patients received
radiation therapy alone. Table / summarizes case reports of patients who received treatment for LMD with
chemotherapy, radiotherapy, or both.
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Authors

Hirota et al.,
2008 [10]

Johnson et al.,
2018 [14]

Rebischung et
al., 2008 [25]

lwatsuka et al.,
2021 [23]

Amico et al.,
2016 [27]

Ceccon et al.,
2020 [24]

Farahvash et
al., 2020 [28]

Ferreira et al.,
2001 [7]

Hong et al.,
2014 [6]

Yim et al., 2022
[20]

Minchom et al.,
2010 [11]

O’Connor et al.,
2021 [19]

Assaf et al.,
2021 [18]

Sayanagi et al.,
2022 [22]

Amico et al.,
2016 [27]

Yoo et al, 2015
[4]

Rao et al, 2013
[13]

Age in years
and gender

64, Male

53, Male

44, Female

57, Female

57, Male

51, Male

69, Female

49, Male

72, Female

58, Female

59, Male

65, Male

48, Male

49, Female

42, Female

80, Male

57, Male

Radiation Time to LMD  Survival (after

Chemotherapy (after diagnosis of LMD) . ] i .
therapy diagnosis LMD diagnosis)

Gemcitabine Yes (TBI) 2 months 3.5 years

Capectabine, irinotecan, bevacizumab, and

intrathecal topotecan Yes (TBI) 29 months 9 months
Intrathecal methotrexate and 125 IUdR No 34 months 6 months
Nab-paclitaxel plus gemcitabine Yes 0 5.75 months
No Yes 11 months 4 months
Nab-paclitaxel plus gemcitabine No 30 months 3 months
No Yes 9 years 3 months
Intrathecal methotrexate, cytarabine, and thiotepa No 4 months 2 months
Carboplatin, paclitaxel, and palareorep No 7 months 2 months
No Yes 10 months 2 months
Intrathecal methotrexate, dexamethasone,

cytarabine, and systemic gemcitabine No 0 1.5 months
No Yes 12 months 1.1 months
No Yes 12 months 1 month
Intrathecal methotrexate No 3 years Many days
No Yes 18 months Few weeks
No Yes 0 Not reported
FOLFIRINOX Yes 0 Not reported

TABLE 1: Summary of pancreatic cancer patients with leptomeningeal disease who received

treatment.

LMD = leptomeningeal disease

Conclusions

Leptomeningeal metastases from pancreatic adenocarcinoma are very rare. It is important to maintain high
clinical suspicion and be aware of the presentation of LMD in pancreatic cancer, especially when the
systemic disease is controlled, as seen in our case. The incidence of LMD may be increasing in pancreatic
cancer with the systemic disease being controlled and patients living longer. The chemotherapy agents
effective in controlling the systemic disease may not be crossing the blood-brain barrier effectively
contributing to rapid progression and mortality. Whole-brain radiation therapy may be beneficial, as seen in
the two case reports; however, there are no studies for optimal management of pancreatic cancer with
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leptomeningeal metastases. Larger studies are needed to establish this if the incidence continues to increase.
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