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Abstract

Advancements in hematopoietic cell transplantation (HCT) have led to increased survivorship 

rates in many childhood diseases. However, this growing group of long-term survivors face a 

myriad of late effects. There are currently limited guidelines for surveillance of gastrointestinal 

polyps for pediatric transplant patients. Here we describe five patients undergoing HCT with total 

body irradiation-based conditioning regimens for leukemia who developed symptomatic polyps 

a median of 4.5 (range, 0.75 – 5.75) years after HCT. Due to limited surveillance guidelines 

in children, we conclude that the development of new or progressive symptoms related to the 

gastrointestinal tract deserves prompt recognition and evaluation.
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INTRODUCTION

Improvements in supportive care, donor selection, and timing of hematopoietic cell 

transplantation (HCT) have increased rates of longevity in several childhood disorders 

leading to larger cohorts of transplant survivors. A report from the Bone Marrow Transplant 

Survivor Study found that in patients who survived for at least two years, non-relapse 

mortality was seen in 9–12% at 10 years after transplant1. However, for most patients 

who survive, risks for health-related complications associated with their prior treatments 

continue to exist. Screening for late effects and early detection can decrease late mortality 

and improve the quality of life for survivors. National consensus conferences have provided 

extensive guidelines for practitioners to follow, including timelines for testing based on prior 

disease risk factors and treatment2. While the gastrointestinal (GI) system is a frequent target 

of injury in the early period following HCT, with the exception of the hepatobiliary system, 

extensive guidelines for long-term surveillance of the GI system are limited3.

Colorectal polyps are found in 6.1% of children undergoing colonoscopy, with incidence 

increasing to 12% when the indications for the procedure include hematochezia4. Although 

most polyps in children are benign, some are associated with genetic disorders and pre

malignancy5,6. Given the role of inflammation and environmental factors leading to their 

potential development, it is not surprising that GI polyps have also been discovered in the 

post-HCT setting7,8. In one retrospective study, approximately 15% of gastric polyps were 

discovered in the transplant population (including solid organ transplants), of which 30% 

were in HCT recipients 9. However, there is limited data on their incidence, prevalence, and 

risk factors contributing to their development after HCT.

In this report, we present five cases of children who were treated for either acute 

lymphoblastic leukemia (ALL) or acute myeloid leukemia (AML), and who each underwent 

HCT following relapse (n=4) or high-risk status in first complete remission (n=1). Each 

patient presented with symptomatic GI polyp formation after HCT using conditioning 

containing 12–14 Gy total body irradiation (TBI).

MATERIALS AND METHODS

The clinical information of five subjects transplanted for hematologic malignancies at 

Children’s Hospital of Wisconsin between 1980–2017 was retrospectively collected from 

medical records following an institutional review board–approved research application. Data 

collected included demographics, therapy prior to transplant, transplant regimen and side 

effects, and presentation of GI polyps.

RESULTS

Case Reports (see Table 1)

Patient 1 was transplanted for relapsed AML. She developed Clostridioides difficile (C. 

difficile) diarrhea on the day of transplant and tested positive for stool adenovirus on day 

+28 until 8 months post-transplant, resolving with cidofovir treatment. During this time, 

she underwent an esophagogastroduodenoscopy (EGD) for further evaluation which was 
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unremarkable. At 4.5 years after transplant, she developed hematochezia and underwent an 

EGD and colonoscopy. She was found to have two colorectal polyps (transverse colon and 

rectal) with final pathology demonstrating juvenile polyps (Figure 1), and one hyperplastic 

gastric polyp with erosion and inflammation. At 6.5 years after transplant, another juvenile 

polyp was discovered in her ascending colon. In retrospect, rectal bleeding had been 

intermittently observed in the preceding months.

Patient 2 was transplanted for relapsed ALL. Six weeks after transplant, he presented 

with hematochezia and abdominal pain, and clinically diagnosed with severe (stage 4) 

acute gut GI graft versus host disease GVHD. He underwent a flexible sigmoidoscopy 

revealing friability of mucosa and necrosis in the ascending colon and histologic evidence 

of GVHD. After a flare of GI GVHD one month later, repeat sigmoidoscopy revealed an 

edematous ascending colon with pneumatosis, and ulceration in the area that previously 

appeared necrotic. Six months after transplant, he presented to the emergency room with 

diarrhea and vomiting due to rotavirus. At 4.5 years after transplant, he presented to a 

gastroenterologist for evaluation of recurrent, dull abdominal pain and poor weight gain. 

He underwent a colonoscopy which was significant for two sigmoid, one ascending, and 

one cecal polyp, with pathology consistent with juvenile polyps. He subsequently had six 

more polyps diagnosed within the next 7 years, located from the gastroesophageal junction 

to the cecum, with several types of histology present, including two adenomatous polyps. 

The adenomatous polyps were located in the sigmoid colon and cecum and were excised. 

This patient had a grandfather who had 29 colonic polyps of unknown pathology removed. 

Genetic testing was performed for hereditary juvenile polyposis (SMAD4 and BMPR1A) 

and was negative, although testing was presumably conducted on blood of donor origin.

Patient 3 was transplanted for relapsed ALL. She was C. difficile positive at the time of 

transplantation, and ultimately developed acute stage 2 skin GVHD. At two months post

transplant, due to severe abdominal pain concerning for acute gut GHVD, she underwent 

an EGD and flex sigmoidoscopy which revealed diffuse erythema and edema of the colonic 

mucosa of the hepatic flexure, with pathology consistent with GVHD. Histology revealed 

no viral inclusions, but at five months after transplant she presented with hepatitis and 

diarrhea due to adenovirus. After presenting with symptoms characteristic for chronic 

gastroesophageal reflux disease (GERD), she underwent an EGD at 5.75 years after 

transplant, which revealed four gastric polyps (hyperplastic histology). Four months later, 

two rectal and one sessile (precancerous) polyps were found in her ascending colon (Figure 

1).

Patient 4 was transplanted for relapsed ALL. At two months post-transplant, he presented 

with fever and severe abdominal pain, and EGD showed pathology consistent with 

GVHD. Three months after HCT, he was diagnosed with GERD and developed recurrent 

vomiting between 3 to 12 months after transplant. He again presented with vomiting and 

hematochezia at 3.25 years after transplant. He underwent a colonoscopy which identified a 

juvenile colonic polyp, although the location of the polyp was unavailable.

Patient 5 was transplanted for high-risk ALL in first complete remission. He was C. 

difficile positive at day 0 and continued to be positive until two months after transplant. 
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At one-month after transplant, after having abdominal pain concerning for gut GVHD, he 

underwent an EGD and a flexible sigmoidoscopy consistent with a pathologic diagnosis of 

stage 3 acute GVHD of the gut. He received eight infusions of mesenchymal stem cells 

to treat his GVHD, which resolved at four months after transplant. He had worsening 

abdominal pain and hematochezia five months after transplant that prompted repeat flexible 

sigmoidoscopy. It revealed multiple areas of erosion as well as adherent clots in the sigmoid 

colon and cecum with otherwise healthy-looking mucosa. With recurrent abdominal pain, 

he underwent an additional EGD and a flexible sigmoidoscopy that revealed mildly active 

chronic gastritis and a juvenile sigmoid polyp.

DISCUSSION

This report describes polyp formation as a potentially under-recognized secondary 

complication for childhood leukemia patients who undergo HCT. Currently, routine 

screening for asymptomatic polyps in the general population begins at 45 years of age unless 

there is a family history of colon cancer or polyps 10. Recently, the Children’s Oncology 

Group has updated their Survivorship Guidelines and now recommends colonoscopy and 

multitarget stool DNA test screening for all asymptomatic patients who received radiation 

≥20 Gy to the abdomen, pelvis, lumbar/sacral/total spine, or TBI 11. However, this COG

recommended screening does not begin until 5 years after radiation exposure or by age 

30, whichever occurs last. Notably, our patients presented with symptoms of polyps much 

earlier than when screening for asymptomatic patients would have occurred, at a median of 

4.5 years after HCT. There is potential that they may have benefited from earlier detection 

and treatment of polyps, prior to the onset of their symptoms. In support of this concept 

of developing earlier screening programs, one prospective study evaluated colorectal polyp 

development in young adult survivors of cancer who received abdominal and/or pelvic 

radiation as part of their treatment. The goal of this study was to pre-emptively identify 

colorectal polyps during the preclinical phase of disease, when a screening program would 

be most useful. Survivors of childhood cancers were eligible to participate if they had 

received ≥25 Gy radiation to the abdomen, pelvis, or spine, or ≥12 Gy TBI. They were 

excluded if they had unexplained pelvic pain, blood in stool, history of polyps, recent 

endoscopic screening, or pertinent family history. Fifty-four patients having a median age 

of 45 (range, 36–49) years and with median interval of 19 (range, 10.6–43.5) years from 

radiation treatment were enrolled on this study. Twenty-four patients (44%) were identified 

who developed a total of 49 polyps. Fifty-three percent of these polyps were identified 

within or at the edge of radiation fields.12

While the direct etiology of GI polyp formation is unknown, one accepted thought is that 

polyps arise as a by-product of repair to damaged mucosa, typically induced by Helicobacter 

pylori or autoimmune-induced inflammation 13,14. Gastric polyps are also associated with 

proton-pump inhibitor (PPI) treatment, which is frequently used in the post-transplant 

setting, with polyps often described as being hyperplastic on histology 15. While none of 

our patients presented with Helicobacter pylori infections, many of them developed acute 

and/or chronic GVHD which is a form of autoimmunity, and all of them received at least 

12 Gy of TBI, which is known to cause GI mucosal damage 16. One study described five 

long-term survivors of childhood cancers who developed non-familial polyposis an average 
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of 24.8 years after chemotherapy and radiotherapy 17. While these patients did not undergo 

HCT, these authors, similar to others, also suggest that abdominal radiotherapy contributed 

to polyp formation.12

In addition to our patients all having received high-dose TBI, each patient we describe 

also presented with additional GI complications within two months of undergoing 

transplantation. For example, Patients 1, 3, and 5 were symptomatic with C. difficile 

infection early in their transplant courses, which could have initiated mucosal injury, and 

Patient 2 had pneumatosis intestinalis at 10 weeks after HCT. Additionally, all but one 

patient presented clinically with gut GVHD, which was severe in three, and histologically 

confirmed in all. Each of these patients also had recurrent histories of emesis, diarrhea, 

and/or GERD from time of transplantation until polyp identification. PPIs were used in all 

patients as standard of care during HCT, and chronic use was documented in Patient 5. 

Finally, due to the myeloablative nature of their transplants, all patients developed mucositis. 

While the duration and severity of this known transplant complication could not be further 

elicited from chart review, this mucosal inflammation could have been a contributing factor 

to polyp formation.

One major limitation of this retrospective study is that full details relating to histology, 

polyp location, and frequency of regular surveillance endoscopy are not fully available to 

us. We are also unable to describe the true incidence of GI polyps in this population. Our 

patients were identified because of GI symptoms requiring diagnostic procedures, and thus 

it is unclear how many asymptomatic patients also had polyps. Similarly, non-transplant 

clinicians who perform survivorship care may not be as familiar with TBI-related GI 

complications, and thus for mild symptoms, may not refer for EGD or colonoscopy. Over 

time, many pediatric patients are lost to follow-up from their primary transplant center due 

to transition to adult care teams, or receipt of survivorship care at their local institutions. 

Due to this lack of awareness and difficulty of follow-up, the true incidence of polyps 

may be higher than observed. Furthermore, as GI side effects are exceedingly common and 

diverse in the post-transplant setting, causation of this relatively rare side effect of polyp 

formation is not possible without having a much larger cohort of patients to study. Despite 

these limitations, as polyp formation is felt to arise in the environment of inflammation, 

it is not unreasonable to consider that TBI, GVHD, infection, and mucositis in the post

transplant setting could play an important role in its formation and pathogenesis. Finally, it 

is conceivable that pre-existing asymptomatic juvenile polyps could have been present, and 

thus these findings may not be directly related to the transplant procedure itself.

Although most polyps discovered in children are benign hamartomas (only 1.5% – 4.5% 

are of neoplastic potential), they can still cause worrisome symptoms such as hematochezia, 

leading to increased anxiety and decreased quality of life. There is also the propensity of 

these lesions to promote an increased risk of neoplasia in the surrounding abnormal mucosa 
18. An evaluation by a gastroenterologist in the post-transplant period should be advised 

for any active pediatric HCT patient or long-term survivor with ongoing gastrointestinal 

complaints and/or hematochezia. Larger cohort studies are needed to determine the true 

incidence and prevalence of this complication. Comparably, while heart failure can be seen 

at a rate of 4.8% at 5 years after HCT, it is recommended to have routine echocardiograms 
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in high-risk patient populations 19. Therefore, development of more robust and earlier 

screening algorithms based on prior GI toxicities and risk factors should be considered when 

designing future survivorship guidelines for patients who have undergone HCT.
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FIGURE 1: Representative Colonic Polyps from Patient 1 (1A) and Patient 3 (1B).
1A) A pedunculated juvenile polyp found in the ascending colon of Patient 1. 1B): A sessile 

polyp found in the ascending colon of Patient 3. Although these lesions are located in the 

same portion of the colon, the precancerous potential of the sessile polyp in Patient 3 is more 

concerning.
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