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Materials & methods: We recently reported the largest trial of breast cancer patients with HER2
positive leptomeningeal metastases (LM) treated with trastuzumab. An additional treatment indication
was explored as part of a single institution retrospective case series of HER2 positive esophageal
adenocarcinoma LM (n = 2). Results: One patient received intrathecal trastuzumab (80 mg twice weekly) as
part of their treatment regimen with durable long-term response and clearance of circulating tumor cells
in the cerebral spinal fluid. The other patient demonstrated rapid progression and death as previously
described in the literature. Conclusion: Intrathecal trastuzumab is a well-tolerated and reasonable
therapeutic option worthy of further exploration for patients with HER2 positive esophageal carcinoma
LM. An associative, but not a causal relationship, can be made regarding therapeutic intervention.

Plain language summary: Cancer of the esophagus, the tube that connects the mouth to the stomach,
tends to be aggressive. Very rarely, this cancer can spread to the lining that surrounds your brain, called
the leptomeninges. Previous reports of patients who have experienced this specific spreading pattern
of esophageal cancer to the leptomeninges are quite grim, with patients experiencing rapid decline
and death within weeks to months. However, we write with two cases of esophageal cancer with this
leptomeningeal spreading pattern, one of which involves a patient treated with a medication known as
trastuzumab. As part of his long and complex course of treatment, this patient was given trastuzumab
through a tube traveling directly to the area of the leptomeninges. This patient, now almost 2 years
out from his initial diagnosis, has responded well to the treatment. As such, we believe that this specific
treatment regimen as well as the ways in which our clinical team tracked this patient’s response to
medications are worth exploring further.

Tweetable abstract: This new case series explores the well-tolerated use of intrathecal trastuzumab in the
treatment of HER2 positive esophageal adenocarcinoma with leptomeningeal metastases.
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Esophageal cancer represents approximately 1% of all cancers diagnosed in the USA, with an estimated 20,640 new
cases in the USA in 2022 [1]. Leptomeningeal metastases (LM) due to esophageal carcinoma remain extremely rare,
with no epidemiological data and only case reports/series documenting its natural history, prognostic factors and
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Table 1. Cerebrospinal fluid studies upon admission.

CSF studies

Case 1 Case 2
Color Colorless Colorless
Clarity Clear Clear
Cell count
Red blood cells 18 429
Nucleated cells 25 <1
Differential
Neutrophils - 30%
Monocytes 10% 0%
Lymphocytes 89% 70%
Cytology Negative for malignancy Negative for malignancy
Flow cytometry T cells and monocytes, small polytypic B-cell -

population

treatment [2-22]. Overall, the prognosis of esophageal cancer is poor, with an overall 5-year survival rate of approx-
imately 10-20% [23]. American Joint Committee on Cancer Stage IV esophageal cancers, which includes Stage
IVB cancers that have spread to distant lymph nodes or organs, have a 5-year survival rate of just 5-10% [24,25].
The prognosis for LM due to esophageal carcinoma is exceptionally grim, with the only known systematic review
of 30 patients with an accompanying case series exhibiting a maximum survival of just 7 months from time
of diagnosis [22]. Given the low incidence of esophageal carcinoma LM and its associated rapid progression, no
clear standard of care has been established and there are no recommendations for the therapeutic management of
HER2+ esophageal carcinoma LM. This paper describes the presentation, progression and treatment courses of
two patients with HER2+ esophageal carcinoma LM.

Case 1
A 60-year-old man initially presented with a 2 month history of dysphagia, weight loss, headaches and progressive
cognitive decline marked by confusion and memory deficits. The patient underwent extensive infectious, inflam-
matory and neoplastic workup including cerebrospinal fluid (CSF) analysis (Table 1) and was found to have diffuse
intracranial leptomeningeal enhancement on MRI (case 1 in Figure 1), as well as a thickened distal esophagus
detected by computed tomography. Biopsy of the distal esophagus demonstrated poorly differentiated invasive ade-
nocarcinoma with signet-ring cell features and diffuse membranous HER2 expression by immunohistochemistry
(IHC) (Score 3+, Figure 2A & B). Biopsy of the leptomeninges showed poorly differentiated adenocarcinoma
morphologically compatible with metastasis from the biopsied esophageal lesion and non specific cytoplasmic
HER2 expression by IHC (Figure 2C & D).

The patient received (whole-brain radiation therapy: 30 Gy in 10 planned fractions, six completed) with
subsequent placement of Ommaya reservoir for anticipated intrathecal trastuzumab and topotecan chemotherapy.
However, the patient passed away 22 days after initial presentation.

Case 2
A 56-year-old man initially presented with a history of back pain, weight loss and dysphagia. He was found to
have abnormal thickening of the gastroesophageal junction and regionally enlarged lymph nodes concerning for
metastatic spread. Inital CSF cytology was negative for malignancy (Table 1). Biopsy of the gastroesophageal
junction demonstrated moderately differentiated invasive adenocarcinoma. MRI of the spine revealed intradural
lesions at C2, L3 and L5 (case 2 in Figure 1). The patient underwent L4/5 partial laminectomy and biopsy of
intradural tissue, which revealed metastatic adenocarcinoma. Molecular studies revealed amplified ERBB2 (HER2)
and CCNE-1, deletion of SMAD4 and mutations in 7P53, ARIDIA, ERBB4, MYC and POLE. The patient was
treated with palliative radiotherapy to the C1-C3 and T12-S1 levels (20 Gy in 5 fractions) followed by stereotactic
radiosurgery to the right parietal brain metastasis (27 Gy in 3 fractions).

About 2 months after initial presentation, the patient began systemic therapy with intravenous (iv.) fluorouracil,
oxaliplatin and leucovorin (FOLFOX) plus trastuzumab. An Ommaya reservoir was placed 2 months after initiating
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Case 1

Case 2

Figure 1. MRI brain and spine images. Case 1 MRI: MRI brain with and without contrast for patient 1. T1-CE
sequences demonstrated rapid progression of leptomeningeal enhancement (white star) from symptom onset (A) to
11 days follow-up; (B) FLAIR sequence; (C) without sulcal hyperintensity but FLAIR-CE sequence; and (D) demonstrates
significant enhancement in leptomeninges (blue arrows). Case 2 MRI: MRI spine with and without contrast for patient
2. Lumbar T1-CE sequence (E) demonstrates two enhancing metastases (yellow stars) in the cauda equina at L3 and L5
vertebrae levels. (F) Remarkable improvement in size of both lesions after intrathecal trastuzumab therapy.

CE: Contrast enhanced; FLAIR: Fluid-attenuated inversion recovery; T1: T1 weighted.
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Figure 2. Esophageal and CNS histology. Case 1 pathology: endoscopic biopsy of the esophageal lesion
demonstrated a poorly differentiated adenocarcinoma with signet ring features (A) and strong membranous
Her2/Neu expression by immunohistochemistry (3+) (B). Biopsy of the right frontal leptomeninges demonstrated a
morphologically similar metastatic adenocarcinoma (C) with nonspecific diffuse cytoplasmic staining for Her2/Neu (D).
Scale bars = 20 um.

systemic chemotherapy and intrathecal trastuzumab was started at 80 mg twice weekly. Upon systemic non-
CNS progression, the patient was switched to iv. fam-trastuzumab deruxtecan-nxki in combination with intrathecal
trastuzumab. When he developed two new parenchymal brain metastases in the setting of stable LM, the patient
received stereotactic radiosurgery (20 Gy) to the new lesions. With further systemic non-CNS progression, his
systemic therapy was switched to iv. paclitaxel and pembrolizumab with continued intrathecal trastuzumab. He
also received palliative radiotherapy to symptomatic bony metastases in the ribs and cervical spine.

The patient continues to undergo treatment for 19 months after initial diagnosis without onset of new focal
neurologic deficits. Quantifiable evaluation of circulating tumor cells (CTC) in the CSF demonstrates excellent
control in the CSF with treatment. This remains durable, despite active disease outside the CNS (Figure 3).

Discussion

LM due to esophageal carcinoma is a rare occurrence with an aggressive but otherwise poorly understood disease
course [2,22]. The cases here help to clarify the clinical presentation and broaden the understanding of the natural
history of the disease. Among our two cases, males aged 56 and 60 at the time of presentation, both presented
with dysphagia and weight loss, with the 60-year-old patient also presenting with headaches and cognitive decline.
The 60-year-old patient declined rapidly and died just 22 days after initial presentation despite rapid initiation
of whole-brain radiation therapy. This is in line with what has previously been reported [22]. The 56-year-old
patient underwent extensive systemic and intrathecal trastuzumab therapy (80 mg twice weekly) with palliative
radiation, resulting in non detectable to low CTC with treatment. This patient continues to undergo treatment
with minimal side effects 18 months after inital presentation. The contrasting outcomes raise the potential of
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Figure 3. Circulating tumor cells cerebrospinal fluid trend for case 2.

yet undescribed prognostic factors which may influence outcome in esophageal carcinoma LM. It is possible that
this may be secondary to different states of the LM cells—with Case 1 representing predominantly free-floating
neoplastic cells and Case 2 representing more adherent cells, both ultimately yielding dichotomous phenotypes
previously described with divergent prognoses [26].

This paper demonstrates that intrathecal trastuzumab may be a reasonable treatment approach for patients with
HER2+ esophageal carcinoma LM. Previous investigation has shown poor CSF penetration and bioavailability of
systematically administered trastuzumab [27]. However, more recently published studies have begun to explore the
utility of intrathecal trastuzumab for HER2+ cancers with LM [28,29]. Kumthekar ez al. performed a Phase 1/11
study of intrathecal trastuzumab in HER2 positive cancer with LM that demonstrated favorable median OS of
10.5 months (n = 26) [28]. The nonrandomized nature of the trial precludes differentiating between a favorable
natural history of HER2+ LM patients and a benefit from intrathecal HER2 directed therapy. Oberkampf e al.
conducted a Phase II study of intrathecal trastuzumab in patients with HER2+ breast cancer with LM and noted
that at 8 weeks, overall global health related quality-of-life status was preserved with 14 of their 19 patients free
of neurological disease progression [29]. Neither of these trials included patients with esophageal carcinoma LM.
The experience of our Case 2 patient aligns with these studies, their safety and efficacy, and reinforces the potential
utility of intrathecal trastuzumab in patients with HER2+ carcinoma LM. Additionally, given its success in
treating trastuzumab-refractory breast and gastric HER24 malignancies [30,31], there may be a role for trastuzumab
deruxtecan combination chemotherapy in the treatment of HER2+ esophageal carcinoma LM.

This paper also demonstrates the practicality and potential usefulness of CTC monitoring to track disease course.
The quantification of CTC in the CSF at various points throughout treatment with patient 2 showed a marked
decline with near complete resolution of these cells in response to treatment. Previous research highlights the utility
of quantifiable CTC assays to diagnose and follow LM in the CSF [32,33]. A similar study probing LM survival
in the context of CSF CTC studies and proton craniospinal irradiation timing by Wijetunga ez a/. supports early
CTC quantification to assess LM disease burden [34].

Conclusion
Metastatic esophageal adenocarcinoma has a poor prognosis, with management of LM complicated by the rarity
and rapid progression of the disease [1,22,24,25]. Despite trends of improved overall survival seen in patients with
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resectable HER2+ esophageal adenocarcinoma (35, our case series shows that HER24 LM due to esophageal
carcinoma can be associated with exceptionally rapid mortality. However, intrathecal trastuzumab-based treatment
presents a new horizon which may prolong overall survival in patients with HER2+ LM, including potentially
those with esophageal carcinoma, while being well-tolerated and without severe toxicity.

Summary points

e The prognosis for leptomeningeal metastases (LM) from esophageal carcinoma is exceptionally grim, with the
only known systematic review of 30 patients with an accompanying case series exhibiting a maximum survival of
just 7 months from time of diagnosis.

e This article describes the presentation, progression and treatment courses of two patients with HER2+
esophageal carcinoma LM.

e The cases presented help to clarify the clinical presentation and broaden the understanding of the natural history
of the disease.

e This paper demonstrates that intrathecal trastuzumab may be a reasonable treatment approach for patients with
HER2+ esophageal carcinoma LM, while also being well-tolerated and without severe toxicity.

e This paper also demonstrates the practicality and potential usefulness of circulating tumor cell monitoring to
track disease course.
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