ELMER
PRESS

’ '.) Check for updates‘

Review ] Hematol. 2023;12(2):59-65
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Complication of Leukemia
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Abstract

Neutropenic enterocolitis (NEC) is a life-threatening condition oc-
curring in severely neutropenic patients, following intensive chemo-
therapy for leukemia. Its pathogenesis is not entirely understood and
believed to be multifactorial, including mucosal injury as a result of
cytotoxic drugs, profound neutropenia, impaired host defense and
possibly microbiota changes. Establishing an early diagnosis is key.
The management of NEC remains undefined due to lack of high-qual-
ity clinical data. With a better understanding of the disease, a more
conservative approach is preferred over surgical intervention. The in-
volvement of a multi-disciplinary team, consisting of the oncologist,
infectious diseases specialists and surgeons is highly recommended.
This review aims to delineate insights into the pathophysiology and
clinical presentation of NEC and to emphasize the diagnostic and
therapeutic approach to this condition.
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Introduction

The current approach to treating acute lymphoblastic leukemia
(ALL) and acute myeloid leukemia (AML) incorporates the
combination of potent chemotherapeutic agents and targeted
molecular therapies with the goal of achieving complete remis-
sion (CR) or even cure [1-3]. Patients undergoing treatment for
acute leukemia are at risk of life-threatening complications,
either from the disease itself or from the therapy [3]. These
complications can be either infectious or non-infectious, with a
common involvement of the intestinal tract [4]. Non-infectious
complications can occur as a result of cytotoxic chemotherapy
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in form of treatment-induced mucositis and can clinically pre-
sent in form of nausea, vomiting, diarrhea or abdominal pain
[5, 6]. Importantly, the severe and protracted neutropenia fol-
lowing chemotherapy places the patient at increased risk for a
variety of infections [5, 7]. Neutropenia is defined as an abso-
lute neutrophil count (ANC) of < 1,000/uL and is being clas-
sified as mild, moderate (< 500) and severe (< 100) [7-9]. The
degree of neutropenia associated with chemotherapy should be
expressed according to the Common Terminology Criteria for
Adverse Events (CTCAE). In neutropenic patients, infections
arising from the gastrointestinal tract (GIT) are common and
can affect any part of the GIT. Indeed, in up to 30% of cases,
the GIT is the source of infection in neutropenic patients, plac-
ing the patient at higher risk of subsequent sepsis, especially if
the neutropenia is prolonged or severe [7, 10].

Due to the blunted response in neutropenic patients, the
clinical presentation can be vague, making it challenging for
the physician to differentiate between infectious and non-in-
fectious causes of gastrointestinal (GI) complications [6, 11].
Therefore, it is crucial for the treating physician to both have
a broad understanding of pathologic processes that can affect
the GIT and a low threshold of suspicion to identify life-threat-
ening conditions and to address those in a timely and effective
fashion [7-12].

Pathologies affecting the GIT include neutropenic entero-
colitis (NEC), Clostridium difficile colitis, cholecystitis and
cholangitis, appendicitis, diverticulitis and perirectal cellulitis
[4, 6, 8, 12]. Due to the broad spectrum of this topic, we herein
focus only on NEC and discuss the pathophysiology, assess-
ment and current controversies and challenges in its manage-
ment.

NEC

NEC, also known as typhlitis, necrotizing enterocolitis or il-
eocecal syndrome, is a severe, frequently life-threatening
complication seen in profoundly neutropenic patients and is
typically manifested with the triad of fever, abdominal pain
and diarrhea [13]. The term NEC was initially described as
typhlitis, from the Greek word “#yphlon”, meaning cecum. But
since this condition can affect any part of the bowel, typhlitis is
not all encompassing and has been replaced by NEC.

NEC is currently defined as neutropenia < 500 cells/L, fe-
ver > 38.3 °C and abdominal pain with abdominal computed
tomography (CT) demonstrating > 4 mm bowel wall thickness
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in a > 3 cm length of bowel [7].

It was initially described in the pediatric population un-
dergoing therapy for acute leukemia [13, 14]. However, over
the years it was increasingly recognized in the adult popula-
tion undergoing high-dose chemotherapy for both hematologic
malignancies and solid tumors [13, 15-17]. NEC has also been
rarely observed in patients with aplastic anemia, multiple my-
eloma and cyclic neutropenia [7, 12, 13, 18-22]. Although the
cecum and the terminal ileum are most commonly involved,
any part of the colon and the small intestine can be affected
as well [6].

Its overall incidence is not known, as criteria are different
among studies but it has been reported to occur in up to 32.5%
of hospitalized patients undergoing chemotherapy for hemato-
logic or solid malignancies and a mortality rate of at least 50%
has been reported [7, 12, 18, 22, 23]. Other cause of variability
in incidence is related to the patient population, type and in-
tensity of chemotherapy used, comorbidities and differences in
antibiotic/antifungal prophylaxis practices. NEC is in all like-
lihood clinically underestimated premortem as it was found in
up to 46% of children with leukemia at autopsy [12, 19, 24].
It is unclear whether the routine antibacterial and antifungal
prophylaxis results in a decreased incidence of NEC.

Risk factors

Patients with acute leukemia undergoing aggressive chemo-
therapy are commonly affected [23, 25]. Common cytotoxic
drugs used in leukemia patients that induce mucosal injury and
have been linked to the development of NEC include cytosine
arabinoside (Ara-C), vincristine, doxorubicin or idarubicin
[12]. Further risk factors include a prolonged duration of neu-
tropenia, prior episodes of NEC and pre-existing bowel abnor-
malities, such as diverticular disease [24].

Pathogenesis

The pathogenesis of NEC is incompletely understood and
probably multifactorial, due to the combination of mucosal
injury, the presence of neutropenia and an impaired local and
systemic host defense against intestinal microbiota [13, 19].
Mucosal injury typically is the result of remission induction of
high-dose cytotoxic therapy and less commonly of mechanical
lesions or leukemic infiltration of the bowel. In the setting of
prolonged neutropenia, in addition to GIT and systemic infec-
tion, intramural hemorrhage can occur [13, 19]. Ara-C in par-
ticular is associated with mucosal alterations, acute mucosal
injury and ulcerations and a necrosis of the mucosal layer,
complicated by a delayed regeneration of mucosal epithelial
cells [12]. In addition to its cytotoxicity to GIT mucosa, vin-
cristine has been associated with damage of the autonomic
ganglia, resulting in severe constipation and the development
of a megacolon, increasing the risk of bowel ischemia and
perforation [12]. Subsequently, the disruption of the mucosa
results in intramural invasion of the bowel wall with bacte-
ria, fungi or viruses, leading to a bowel wall edema, produc-
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tion of endotoxins and a cytotoxic edema with an increased
risk of transmural necrosis [20, 22, 26]. As a complication of
transmural ischemia and/or necrosis, bacterial or yeast translo-
cation ensues, leading to subsequent bacteremia/candidemia,
and in an immunocompromised host with neutropenia, conse-
quently, to severe infection, even septic shock [19].

Various pathogens have been identified in surgical speci-
mens, including gram-negative bacilli, gram-positive cocci,
enterococci, anaerobes (e.g., clostridium septicum), Candida
species and cytomegalovirus (CMV) [13]. The most common
bacterial isolates were Pseudomonas spp., while Escherichia
coli, Klebsiella spp., Staphylococcus aureus, and Streptococci
were prevalent [13].

Candida species are the most common cause of fungal
bloodstream infection in patients with NEC. While C. albicans,
C. tropicalis, C. glabrata and C. krusei have been detected fre-
quently, molds such as Aspergillus or Mucorales are frequently
found in autopsy results as the cause of GIT infections but can
be clinically silent [27]. In addition to classic features of NEC,
intestinal bleeding in view of contiguous invasion of the gut
wall might be a clue for fungal GIT invasion [28]. Other fungi,
such as Histoplasma, Cryptococcus neoformans and Trichos-
poron spp. are less common [24, 29, 30].

In rare cases NEC has also been described in leukemic
patients even before the administration of any chemotherapy.
This has been believed to be due to potential leukemic infil-
tration of bowel wall or profound neutropenia or functional
neutropenia [12, 13, 19].

Another important factor for the development of NEC is
an alteration in the gut microbiome. The gut microbiome is
an important factor for the maintenance of local (GIT) and
systemic immune tone and immune homeostasis, mucosal in-
tegrity and competition that provides colonization resistance
against invading pathogens. In cancer patients an alteration of
the gut microbiome is frequently observed and can be the re-
sult from frequent and prolonged use of antibiotics, the impact
of chemotherapy or diet modifications [19, 31].

A low diversity of both the oral and the gut microbiome
has been frequently observed in leukemia patients [31]. Due
to prolonged duration of neutropenia as a result of multiple
lines of chemotherapy, it is not uncommon for patients to re-
ceive broad-spectrum antibiotics over a long period of time,
which consequently results in a damage of the microbiome,
promoting the growth of pathogenic bacteria [31]. It is unclear
if specific microbiome compositions predispose neutropenic
patients to the development of NEC.

The cecum is believed to be a very common site of in-
volvement in NEC. As vascular supply of the cecum is less
abundant compared to other parts of the bowel [12]. And since
the cecum is more distensible than other parts of the bowel,
it is believed that the distension of the cecum decreases the
vascular perfusion, making it prone to mucosal breaches and
subsequent ischemic necrosis [12].

However, a study that correlated CT imaging with histopa-
thology and clinical information demonstrated that NEC was
limited to the cecum in only 25% of cases, with more extensive
colonic involvement in 75% of cases [32]. NEC can often ex-
tend into the terminal ileum or any parts of the small intestine
[13].
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Figure 1. CT image of a 27-year-old man with relapsed and refractory
AML with neutropenic enterocolitis, presenting with right lower quad-
rant mass. CT: computed tomography; AML: acute myeloid leukemia.

Clinical presentation

Symptoms usually occur within 30 days of initiation of cy-
totoxic chemotherapy, often within 2 weeks following com-
pletion of therapy and coincide with the neutropenia nadir
[19, 33]. Although the classic presentation of NEC includes
profound neutropenia, fever > 38.3 °C, right-sided abdominal
pain and diarrhea, patients can present with combinations of
symptoms, such as abdominal distension, nausea, vomiting,
bloody diarrhea or rebound tenderness in right lower abdomen,
mimicking the clinical picture of acute appendicitis, bowel ob-
struction or infective colitis [13, 20, 29].

In early stages, patients may present with abdominal pain,
fever and impaired bowel function [28]. Although the right
lower quadrant is most commonly affected, the location of pain
depends on the area of the affected bowel and can at times be
diffuse [11, 33]. In severe cases additional symptoms, includ-
ing abdominal cramping, nausea, diarrhea or even lower GI
bleeding may be present [11-13, 24, 28, 32-34]. The presence
of abdominal guarding, abdominal rigidity, absence of bowel
signs, tachycardia, and tachypnea may indicate bowel perfora-
tion and the presence of sepsis [11]. Occasionally, paralytic
ileus and bowel obstruction due to intestinal edema may occur,
but these are rare [24].

Since cecal inflammation can be masked by the absence of
neutrophils, a mass in the right lower quadrant can be the clini-
cal sign on presentation, as shown in Figure 1 [30].

It is important to keep in mind that associated septicemia
is common, reported to occur in up to 73% of cases and that
NEC can present with sepsis alone, even without any GI symp-
toms [12].

Although fever is present in most patients, it can be absent
in severely immunocompromised patients, especially the ones
taking glucocorticosteroids [24].

In certain circumstances, clinical signs may worsen, when
patients recover from neutropenia and the restoration of the im-
mune system causes an inflammatory response, characterized
by abscess formation, bleeding or even perforation [24, 25].
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Table 1. Differential Diagnosis of Abdominal Pain in Neutro-
penic Patients [26]

CMV colitis

C. difficile colitis

Leukemic infiltrates of the bowel
Graft-versus-host disease
Ischemic colitis

Cholangitis

Cholecystitis

Acute appendicitis

Bowel obstruction

Autoimmune colitis due to check point inhibitors

CMV: cytomegalovirus.

Diagnosis

Establishing the diagnosis of NEC can be challenging, as there
are not “gold standard” diagnostic criteria. Making the diag-
nosis is currently based on the combination of clinical picture,
laboratory parameters and radiological findings [13, 19].

Although the clinical presentation of fever > 38.3 °C,
right-sided abdominal pain and diarrhea in a neutropenic pa-
tient can be highly suggestive of NEC, it is still challenging to
differentiate between infectious and non-infectious causes of
abdominal pain based on those findings. Further clinical fea-
tures can include signs of sepsis, GI emergencies, such as per-
forations, peritonitis or bleeding and the presence of abscesses
[19]. Thus, the clinician needs to keep a broad spectrum of
differential diagnosis in mind when approaching abdominal
pain in neutropenic patients post chemotherapy, since clinical
presentations like pain, nausea, diarrhea and vomiting are non-
specific and may be caused by the toxic effects of chemothera-
py, C. difficile colitis, ischemic colitis, infectious colitis, acute
appendicitis or graft-versus-host disease (GVHD) in patients
with prior allogeneic stem cell transplantation [7, 12, 18, 33].
The differential diagnosis of NEC is outlined in Table 1.

Laboratory evaluation should assess for electrolyte imbal-
ances and pancytopenia, specifically investigating the degree
of neutropenia [7, 19, 24]. Blood cultures, C. difficile toxin
polymerase chain reaction (PCR) (and if positive, then toxin
assay) and multiplex PCR testing of stool should be assessed
in all patients [24].

The incidence of bacteremia ranges from 28% to 82% in
different series [33]. Organisms isolated from blood cultures in-
clude aerobic gram-negative rods such as E. coli, Pseudomonas
aeruginosa, Klebsiella pneumoniae and Enterobacter, gram-
positive cocci such as Streptococci or even Candida species.

Radiographic imaging modalities are the most reliable di-
agnostic tool and include ultrasonography and CT [24]. Ab-
dominal plain X-rays are of limited value in the diagnosis of
NEC [24].

Although ultrasound is the preferred modality for the
pediatric population due to the lack of ionizing radiation, CT
is the preferred imaging modality in the adult population [13,
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Figure 2. Sign of pneumatosis intestinalis in the same patient.

35]. This is because of the limited resolution of ultrasonogra-
phy, especially in patients with certain body habitus types, its
lower sensitivity and the operator dependence [24].

Characteristic sonographic patterns of NEC include a
doughnut-like hypoechoic, fluid-filled intestinal lumen sepa-
rated from thickened bowel wall by a thin hyperechoic line of
mucosa [36]. However, despite its availability and low cost,
ultrasound might suffer from intra-operator variability and low
sensitivity in obese patients [36, 37].

CT can differentiate between various intrabdominal pa-
thologies in neutropenic patients, and therefore, is the pre-
ferred option as it reveals the extend of GI involvement and the
severity of GI wall inflammation [24]. Radiologic features in-
clude bowel wall thickening > 4 mm, pneumatosis intestinalis,
bowel dilatation and mesenterial stranding as shown in Figures
1 and 2 [35]. The degree of bowel wall thickening significantly
correlates with the outcome of patients [37]. In a retrospec-
tive study by Cartoni et al, 60% of patients with a bowel wall
thickening of > 10 mm died from complications, compared to
4.2% in those with a bowel wall thickening of < 10 mm [37].
Other pertinent findings on CT include a fluid-filled dilated
cecum, a right lower quadrant inflammatory mass or inflam-
matory changes affecting the perirectal soft tissues [20, 33].

Biopsies for confirmation of the diagnosis or for differen-
tiation from CMV or GVHD colitis remain a challenge, since
colonoscopies are contraindicated due to the risk of bowel
perforation [26]. Moreover, there is an increased risk of fo-
cal or generalized bleeding in the affected areas of the GIT
due to likely thrombocytopenia. If CMV colitis is suspected,
qPCR for plasma CMV DNA as an adjunct diagnostic meth-
od for CMV GI disease has been reported to have an overall
good sensitivity of 85% and a very good specificity of 95%
[38]. Histopathological descriptions are mostly derived from
autopsies which are reported in a minority of patients and
this creates a selection bias as findings tend to overrepresent
severe NEC. Typical post autopsy findings are hemorrhagic
necrosis, patchy mucosal ulcerations, extensive edema in the
submucosa and transmural necrosis. Importantly, significant
infiltrative inflammation is absent in NEC due to profound
neutropenia [19, 26, 37, 39].

62 Articles © The authors | Journal compilation © | Hematol and Elmer Press Inc™

Management

Due to lack of high-quality studies, it is difficult to make stand-
ardized recommendations on the approach of NEC [18, 33].
Treatment recommendations are based on descriptive studies,
clinical experience or expert opinions [33].

Historically, initial reports preferred an aggressive surgi-
cal approach [7, 40]. But with a better understanding of the dis-
ease, treatment approaches have drifted away from aggressive
surgical interventions towards more conservative modalities,
and surgical management is certainly not the initial modality
of treatment for NEC [7, 13, 20, 33].

In patients without complications, such as bleeding, per-
foration or peritonitis, non-surgical management, consisting
of bowel rest, intravenous fluids, parenteral nutrition, blood
product support and broad-spectrum antibiotic coverage, is a
reasonable approach [13, 20, 33]. Importantly, an overuse of
opioids and antiperistaltic agents should be limited, or ideally
avoided, as they might impair the assessment of complications.

After having obtained blood cultures, the initial antimicro-
bial regimen should be empiric and target likely pathogens, in-
cluding enteric gram-negative rods such as Pseudomonas aer-
uginosa and Escherichia coli, enterococci and anaerobes [24].
Antibiotic choice should be guided by institution-specific, and
ideally, leukemia unit-specific antibiogram and take into con-
siderations comorbidities, known colonization of patient’s GIT
by pathogens (e.g., vancomycin-resistant enterococcal (VRE)
colonization) and recent antibiotic exposures. Empiric cover-
age for C. difficile infection should be added if that diagnosis
has not been excluded [33].

The time from triage to delivery of antibiotics should not
exceed 1 h, as delays have been associated with decreased sur-
vival [41].

The IDSA guidelines recommend the prompt administra-
tion of empiric antibiotics and suggest cefepime, a carbapen-
em or piperacillin-tazobactam and recommend their use for at
least the duration of neutropenia or until there are clear signs
of marrow recovery [42]. However, those recommendations
were made for the management of neutropenia and do not spe-
cifically address abdominal infections in neutropenic cancer
patients or NEC specifically.

In cases of NEC where third generations cephalosporins are
used as first agent, consideration of adding metronidazole for
better coverage of anaerobes should be made. Addition of metro-
nidazole should not be necessary if other lactams with excellent
anaerobic coverage such as piperacillin/tazobactam or carbapen-
ems are used. The role of empiric antifungal therapy upfront in
NEC is debatable as bacterial causes are the commonest.

Since fungi have been reported to account for 53% of new
microorganisms seen on autopsy and mortality has been re-
ported to be up to 100% in patients with fungemia, antifungal
therapy should be strongly considered in patients with persistent
fever after 4 - 7 days of antibiotic therapy and in those, whose
overall duration of neutropenia is expected to last longer than
7 days and should cover Candida spp. and Aspergillus [24, 30,
42]. Recommended options include voriconazole and ampho-
tericin B formulations if mold coverage in addition to Candida
is desired or echinocandins for candidemia arising from NEC.
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Once the patient has been afebrile for at least 2 days and
achieved an ANC > 500/cells, intravenous formulations can
be deescalated to an appropriate oral regimen [42]. In patients
with persisting mucositis, nausea and vomiting, intravenous
formulations should be continued till recovery of GI symp-
toms and ability to tolerate oral intake.

The duration of treatment for NEC is not based on qual-
ity evidence and should be made on a case-to-case basis. We
advocate at least 3 weeks of regimen and clinical reevaluation
that includes repeat imaging with abdominal CT.

The use of granulocyte colony-stimulating factor (G-CSF)
may be beneficial in severely ill patients with the intention to
accelerate neutrophil recovery [24]. However, its use in NEC
remains controversial, as it has not been adequately studied.
Moreover, there are concerns of negatively impacting the in-
tegrity of the bowel wall in the setting of an augmented in-
flammatory reaction [24]. Hence, a routine use of G-CSF in
patients with NEC is not recommended and needs to be evalu-
ated on a case-to-case basis.

Although antibacterial and antifungal prophylaxis is stand-
ard of care in patients with acute leukemia receiving cytotoxic
chemotherapy, NEC occurs, despite prophylactic antimicrobials.

Surgery should be avoided in the stable pancytopenic
patients with NEC in view of the increased risk of postsurgi-
cal infections, impaired wound healing and an increased risk
of bleeding [43]. Surgical intervention is suitable in cases of
complications, such as bowel perforation, persistent GI bleed-
ing or development of intraabdominal complications, such as
abscesses or necrosis [40]. In emergency surgeries, such as in
perforation, a two-stage procedure is preferred over a primary
anastomosis [12].

Not surprisingly, urgent operations, in order to repair hollow
viscus perforations in the setting of severe neutropenia and throm-
bocytopenia are significantly associated with increased mortality
and morbidity rates of 11.8% and 54.8%, respectively [43].

Conclusion

NEC is a life-threatening condition occurring in severely neu-
tropenic patients, following intensive chemotherapy, especial-
ly for patients with acute leukemia. Its pathogenesis is not en-
tirely understood, and it is multifactorial. Establishing an early
diagnosis is key and the role of early abdominal CT is impor-
tant. The management of NEC remains undefined due to lack
of high-quality clinical data. With a better understanding of the
disease, a more conservative approach is preferred over surgi-
cal intervention. A general approach should be individualized
based on the severity of gut involvement (extend and depth of
involvement), pre-existing comorbidities and risk factors for
severe NEC, and the presence of complications and should in-
clude a multi-disciplinary team, consisting of the oncologist,
infectious diseases specialists and surgeons.
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