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Abstract

Brincidofovir (CMX001) is an oral agent with activity against double-strand DNA viruses
undergoing clinical trials in immunocompromised patients. We report a patient clinically
diagnosed with brincidofovir-related gastrointestinal (GlI) toxicity and his histologic findings. A 2-
year-old boy with medulloblastoma undergoing autologous HCT developed adenovirus viremia 9
days post-transplant. After initial treatment with intravenous cidofovir he was started on oral
brincidofovir as part of a clinical trial. He developed hematochezia, anorexia, and emesis 11 weeks
later. Sigmoid colon biopsy showed marked crypt drop out, moderate epithelial apoptosis, and
lamina propria edema. The pathologic diagnosis was drug-related injury versus infection.
Brincidofovir toxicity was diagnosed clinically and the drug was discontinued. His GI symptoms
improved in two weeks with supportive care and octreotide. Brincidofovir causes Gl toxicity and
histologically demonstrates epithelial apoptosis and crypt injury, similar to graft versus host
disease and mycophenolate mofetil toxicity.
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Introduction

Brincidofovir (3-hexadecyloxy-1-propanol-cidofovir) is an orally bioavailable lipid
conjugate of the nucleotide analog cidofovir with demonstrated activity against a broad
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spectrum of DNA viruses including cytomegalovirus (CMV), adenovirus (ADV), varicella
zoster virus, herpes simplex virus, polyomaviruses (JC and BK virus), papillomaviruses,
poxviruses, and mixed double-stranded DNA virus infections (1-21). The addition of a lipid
moiety promotes more efficient absorption by enterocytes via both facilitated and passive
diffusion, allowing brincidofovir to be orally dosed. Intracellularly, the prodrug is converted
to cidofovir diphosphate by cleavage of its lipid moiety and phosphorylation by intracellular
kinases (22—24). Unlike cidofovir, brincidofovir is not associated with nephrotoxicity or
myelosuppression in Phase 11 clinical trials, potentially due to decreased plasma levels of the
active drug (17).

Due to its broad antiviral activity and comparatively low risk of renal and marrow toxicity,
brincidofovir shows promise in immunosuppressed patients. However, brincidofovir has
been associated with significant gastrointestinal (GI) symptoms in hematopoietic cell
transplantation (HCT) patients, including abdominal pain, diarrhea, nausea, and vomiting
(1). There are numerous other etiologies associated with GI dysfunction in HCT patients
including mucositis, infection (e.g., CMV, Clostridium difficile) and, primarily in the setting
of allogeneic HCT, graft versus host disease (GVHD).

In certain clinical settings, it is not always possible to distinguish drug toxicity from other
causes of GI symptoms (such as GVHD or infection) by clinical or laboratory findings
alone. As the appropriate treatment varies dramatically depending on the etiology, biopsies
are often performed to further elucidate the cause of GI symptoms. Herein we present a
patient with an autologous HCT who was clinically diagnosed with brincidofovir-related Gl
toxicity. The clinical, endoscopic, and pathologic findings are reviewed; similarities between
the histologic findings in this case and GVHD are highlighted and the potential implications
of these findings for patient management are discussed.

Case Report

A 2-year-old boy diagnosed with medulloblastoma who underwent craniectomy for tumor
resection and two cycles of chemotherapy. Eleven weeks after diagnosis he was conditioned
with Carboplatin and Thiotepa and underwent autologous HCT. Within two weeks he
developed septic shock, methicillin-sensitive Staphylococcus aureus and coagulase-negative
staphylococcal bacteremia, C. difficile colitis, and ADV viremia and gastroenteritis.
Repeated CMV PCR of his blood was negative.

His two episodes of bacteremia resolved less than one week after initiation of appropriate
intravenous (1V) antibiotics. His C. difficile colitis was treated with Metronidazole and oral
Vancomycin with repeat PCR testing negative 3 weeks later. His ADV gastroenteritis and
viremia began 8 days after his transplant with a copy number of 171,000 DNA copies per
mL blood and positive stool PCR (Table 1). He received two 5 mg/kg (81.75 mg) 1V doses
of cidofovir before being enrolled in a clinical trial for brincidofovir at 2 mg/kg (34 mg)
orally twice weekly. ADV was undetectable in the blood and stool 5 and 18 days after
initiation of brincidofovir therapy, respectively. He was maintained on brincidofovir for
ADV prophylaxis.
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After marrow recovery, he underwent a planned second autologous HCT. The first PCRs for
ADV in the blood and stool after this HCT were negative. Five days after transplant his stool
tested positive for C. difficile for which he received Metronidazole and oral Vancomycin
with a negative stool PCR one week following completion of therapy. Two weeks after his
second HCT he developed recurrent episodes of hematochezia, poor oral intake, delayed
gastric emptying, and emesis lasting one month. On the day of GI symptom onset his stool
tested positive for ADV by PCR; however, blood ADV PCR results remained negative.
Throughout this time, he had continued to take brincidofovir biweekly. CMV and BK virus
PCR of the blood were negative and a stool culture was negative for Sa/monella, Shigella,
Campylobacter, and Escherichia coli O157:H7. He underwent upper and lower Gl
endoscopies at 11 weeks of brincidofovir therapy. Biopsies were taken of the esophagus,
gastric antrum, and sigmoid colon. ADV PCR of the stool 2 days after his endoscopy was
negative. The patient was not on chemotherapy at the time of endoscopy and biopsy.

The esophageal and gastric biopsies were unremarkable. The gastric biopsy was negative for
Helicobacter pylori, CMV, and ADV by immunohistochemistry (IHC). Conversely, the
sigmoid colon biopsy showed marked crypt drop out, moderate epithelial apoptosis, reactive
epithelial changes, and lamina propria edema (Image 1A,1B). The sigmoid colon biopsy was
negative for CMV and ADV by IHC. No active inflammation, pseudomembrane formation,
or increase in eosinophils was identified within this set of biopsies. The pathologic
differential diagnoses for these findings in a HCT patient include drug related injury,
infection, and GVHD. However, he had no cutaneous or hepatic signs or symptoms of
GVHD, and GVHD is unlikely in cases of autologous HCT, so the former diagnostic
differentials were favored. Following exclusion of an infectious etiology, brincidofovir
toxicity was diagnosed clinically and the drug was discontinued.

The patient’s GI function slowly improved with supportive care and octreotide. Follow up
biopsies were performed 2 weeks after discontinuation of brincidofovir (Image 1C,1D). At
the time of the biopsy the patient was feeling well without GI symptoms. ADV and CMV
PCR on blood and C. difficile PCR on stool were negative. Blood culture and sigmoid colon
viral culture were negative. The gastric biopsy showed chronic active gastritis. The gastric
biopsy was negative for Helicobacter pyloriand CMV by IHC. The sigmoid colon and
rectum biopsies showed only focal crypt drop out, rare epithelial apoptosis, minimal lamina
propria edema, and reparative changes with significant epithelial recovery compared to the
previous biopsy; no significant acute inflammation was seen in the colonic biopsies. The
sigmoid colon and rectum biopsies were negative for CMV and ADV by IHC. Eosinophils
were not increased in any of the sites. The pathologic differential diagnosis was comparable
to his previous biopsy with medication related toxicity being favored. Clinically these
changes were favored to be residual/reparative changes from brincidofovir toxicity and no
further treatment was initiated. The patient recovered, discontinued octreotide, and was
discharged on oral medications and diet one month after discontinuation of brincidofovir.

Discussion

We report on a patient receiving brincidofovir post-autologous HCT with GI symptoms
including hematochezia and vomiting. Histologic examination of a sigmoid colon biopsy
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showed marked crypt drop out, moderate epithelial apoptosis, and lamina propria edema. Of
note, eosinophils were not increased. These histologic findings have overlapping features
with several differential diagnoses of GI symptoms in the setting of an immunocompromised
host, including infectious etiologies, GVHD, and medication toxicity.

All of the aforementioned etiologies can share common histologic features including
epithelial apoptosis, reactive changes such as gland/crypt architectural distortion and mucin
depletion, gland/crypt loss, and lymphoplasmacytic and neutrophilic inflammation. Viral
etiologies may show more inflammation and viral cytopathic inclusions. Correlation with
serology, PCR, and IHC are vital in improving sensitivity of detection of CMV infection. C.
difficile colitis can show pseudomembrane formation with denuded epithelium,
mucopurulent exudate, and karyorrhectic debris. Correlation with PCR is again vital to
improving diagnostic sensitivity. Medication toxicity has been said to be associated with
increased eosinophils; however, other studies have shown a direct correlation of tissue
eosinophilia with GVHD severity (25, 26). GVHD is predominantly characterized by
epithelial apoptosis but increased inflammation and mucosal injury is seen with increasing
severity.

In this case, common infectious causes were ruled out by molecular testing and/or IHC
studies including CMV (PCR on blood and IHC on biopsy), ADV (PCR on blood and stool
and IHC on biopsy), C. difficile (PCR on stool), H. pylori (IHC on biopsy), BK virus (PCR
on blood), and Sa/monella, Shigella, Campylobacter, and Escherichia coli O157:H7 (stool
culture). Additionally, the patient did not show signs or symptoms of skin or hepatic GVHD
and he received an autologous HCT which carries a very low risk of GVHD. Resolution of
the patient’s Gl symptoms after discontinuation of brincidofovir, without another form of
intervention, supports drug toxicity as the etiology of his symptoms and is the presumed
cause of the observed histologic abnormalities. Additionally, a follow up biopsy of the
stomach, sigmoid colon, and rectum were performed 2 weeks after the initial biopsy which
showed marked improvement with only focal residual crypt drop out, rare epithelial
apoptosis, and reparative changes. Infectious disease work up at this time was again negative
for ADV (blood PCR and biopsy IHC), CMV (blood PCR and biopsy IHC), C. difficile
(stool PCR), and H. pylori (biopsy IHC) as well as negative blood culture and sigmoid colon
viral culture. Overall, these findings were clinically and histopathologically consistent with
ongoing repair of drug-related injury, which can persist for months following
discontinuation of Gl-toxic agents (27, 28).

The exact mechanism of brincidofovir-related Gl toxicity remains unknown. However, the
current leading hypothesis is that toxicity results from the high levels of active cidofovir that
accumulate in the intestinal epithelium when brincidofovir is orally dosed (17). Although IV
cidofovir does not cause Gl toxicity, it is toxic to the cells in which it accumulates (e.g.,
proximal tubular epithelial cells) via induction of apoptosis (29, 30).

The crypt drop out, moderate epithelial apoptosis, and lamina propria edema seen in this
case suggest that brincidofovir toxicity should be considered within the differential for Gl
symptoms in immunosuppressed patients with GVHD-like changes on biopsy. There are
examples in the literature of other Gl-toxic agents used in transplant patients causing
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GVHD-like histological changes (e.g., mycophenolate mofetil) (31-34). However, to our
knowledge this is the first report of GVHD-like histology in a patient with brincidofovir-
related Gl toxicity.

It is vital to the care of immunocompromised patients to distinguish between GI GVHD,
infection, and drug-related Gl toxicity. Although GI GVHD was unlikely given the patient
received an autologous transplant, this case underscores the challenge that would occur if a
similar presentation was in an allogeneic transplant. And in fact, we have faced this dilemma
with a cohort of allogeneic HCT patients taking this medication at our institution. If Gl
symptoms in HCT transplant patients are incorrectly presumed to be due to GVHD,
brincidofovir may be continued and administration of GVHD-directed therapies such as
steroids may result in unnecessary toxicities and increased susceptibility to infection in these
already vulnerable patients. Conversely, if the cause is GVHD and Gl symptoms are
incorrectly presumed to be due to brincidofovir toxicity, the patient may go without
treatment for undiagnosed GVHD, leading to significant, potentially lethal complications.
Furthermore, inappropriate discontinuation of brincidofovir in these cases will not relieve
symptoms and may lead to increased susceptibility to infection by DNA viruses. Further
studies are needed to try to elucidate more distinguishing features, but as long as there are
overlapping histological features between brincidofovir toxicity and GVHD it is crucial to
correlate the endoscopic and histological findings with the timeline of symptom
development, clinical status, and the presence or absence of additional signs and symptoms
of GVHD (e.g., skin findings). However, it is important to recognize that patients may
present without signs or symptoms of GVHD involving other organs and/or the clinical
timeline could fit with either GI GVHD or brincidofovir toxicity. In these instances, the
recommendation is to discontinue brincidofovir, per the study protocol’s safety management
plan, and, if deemed necessary, administer an alternative treatment for ADV.

In summary, our study demonstrates a novel case of brincidofovir-related toxicity with
histologic findings including crypt drop out and epithelial apoptosis. In the future, we hope
to build upon this case report by using a larger cohort of patients to systematically
characterize the histological hallmarks of brincidofovir toxicity in the Gl tract and to
compare and contrast those findings with those of GVHD. Findings from these studies will
help pathologists in accurately interpreting Gl biopsies in patients taking brincidofovir and
for clinicians to make informed decisions regarding treatment of GI symptoms in HCT
patients.
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Image 1.
Photomicrographs of sigmoid colon biopsy with marked crypt drop out, lamina propria

edema, crypts with damage/reactive epithelial changes (asterisks), and moderate epithelial
apoptosis (arrows) (A, H&E, 10X; B, H&E, 20X). Photomicrographs of follow up colon
biopsy with mild lamina propria edema, reparative changes, and rare epithelial apoptosis
(arrows) (C, H&E, 20X; D, H&E, 40X).
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