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Introduction: Carmustine (BCNU), etoposide, cytarabine, and melphalan (BEAM)
are a widely used high-dose chemotherapy regimen for autologous stem cell
transplantation transplant (ASCT) in lymphoid malignancies. During BCNU
shortages, some centers switched to fotemustine-substituted BEAM (FEAM).
Neutropenic enterocolitis (NEC) is a life-threatening complication occurring
after intestinal mucosa damage related to intensive chemotherapy. NEC
mortality may be up to 30%-50%. In our study, we compared NEC incidence,
symptoms, mortality, and transplant outcome in terms of overall survival (OS) and
progression-free survival (PFS) in the BEAM vs. FEAM groups. Furthermore, we
compared the cost of hospitalization of patients who did vs. patients who did not
experience a NEC episode (NECe).

Methods: A total of 191 patients were enrolled in this study (N = 129 and N = 62
were conditioned with BEAM and FEAM, respectively). All patients received bed-
side high-resolution ultrasound (US) for NEC diagnosis.

Results and discussion: NEC incidence and NEC-related mortality were similar in
the BEAM and FEAM groups (31% and 40.3%, p = 0.653, and 5% and 8%, p = 0.627,
respectively). At a median follow-up of 116 months, no difference was noted
between BEAM vs. FEAM groups in terms of OS and PFS (p = 0.181and p = 0.978,
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respectively). BEAM appeared equivalent to FEAM in terms of NEC incidence and
efficacy. The high incidence of NEC and the low mortality is related to a timely US
diagnosis and prompt treatment. US knowledge in NEC diagnosis allows to have
comparable days of hospitalization of patients NECpos vs. patients NECneg. The
cost analysis of NECpos vs. NECneg has been also performed.

KEYWORDS

neutropenic enterocolitis, NEC, ultrasound sonography, beam, FEAM, intestinal toxicity,
autologous stem cell transplantation

1 Introduction

High-dose chemotherapy and autologous stem cell
transplantation (ASCT) are an established treatment in patients
with Hodgkin (HL) and non-Hodgkin lymphoma (NHL) (1).
BEAM is a highly effective conditioning regimen for autologous
stem cell transplant (ASCT) in relapsed and refractory HL (2) and
NHL (3). Most frequent extra hematological toxicities reported in
carmustine- or bis-chloroethylnitrosourea (BCNU)-containing
regimens are hepatotoxicity, nephrotoxicity, chemotherapy-
induced diarrhea, nausea, vomiting, severe mucositis (3-6), and
pulmonary complications (7). In 2010, an unexpected BCNU
shortage (8) challenged physicians to replace BCNU. Fotemustine,
a third-generation nitrosourea, was used as a substitute for BCNU.
A FEAM-conditioning regimen showed promising results in 84
patients with NHL and HL in a retrospective study (9, 10). In two
retrospective studies, FEAM showed a higher incidence of
mucotoxicity compared with BEAM (11, 12). Conversely another
study (9) described a favorable toxicity profile in patients
conditioned with FEAM.

Neutropenic enterocolitis is a life-threatening complication of
patients experiencing mucosal damage in chemotherapy-related
neutropenia (13-21). Although the pathogenesis is multifactorial,
a chemotherapy-related mucosal damage results in mucosal barrier
leading to invasion of the bowel wall from GUT bacteria (13, 14, 16,
17). NEC early diagnosis and prompt treatment were shown to
reduce mortality (19-22). NEC incidence has been previously
described in 297 patients affected by NHL, HL, and multiple
myeloma undergoing ASCT. Patients were transplanted with
either BEAM or busulfan and cyclophosphamide (Bu/Cy2), and
NEC occurred in 12% of patients (21).

In this study, we prospectively enrolled patients conditioned
with either BEAM or FEAM to compare NEC incidence, symptoms,
and NEC-related mortality. We also compared the transplant
outcome, i.e., overall survival (OS) and progression-free survival
(PES), of patients transplanted with BEAM vs. FEAM. Furthermore,
we compared the cost of hospitalization of patients who did vs.
patients who did not experience a NEC episode (NECe).

Frontiers in Oncology

2 Materials and methods
2.1 Patients and study design

From November 2002 to December 2022, all patients admitted
in our BMT Unit, undergoing ASCT with diagnosis of either NHL
or HL, and receiving either BEAM (21) or FEAM (9, 10) were
prospectively enrolled in the study. The conditioning regimen
changed twice over the time period of the study, because of
shortage of carmustine (8). Thus, BEAM was used from 2002
throughout 2013, and then FEAM was used from 2014
throughout 2017, and then from 2018 until December 2022
BEAM was reintroduced. The study was conducted in the
Division of Hematology and to the Bone Marrow Transplant
Unit of the University of Pisa, Italy. All patients provided written
informed consent, and the study was approved by the Ethical
committee (study no. 3636 approved on 06/21/2012).

2.2 Conditioning regimens, supportive
therapy, and prophylaxis

Patients were treated with either BEAM or with FEAM as
previously described (9, 10, 21). Day 0 was considered the day of
infusion of autologous stem cells. All patients received
posttransplant granulocyte colony stimulating factor (filgrastim),
which was started on the day after reinfusion (+1) and continued
until neutrophil recovery. Antimicrobial prophylaxis consisted of
oral fluconazole, ciprofloxacin, and acyclovir, started on day 0.
Fluconazole and ciprofloxacin were stopped at hematologic
recovery or administration of antimicrobial therapy to treat
infection. Acyclovir was continued for 3 months after transplant.
From January 2014, ciprofloxacin and fluconazole prophylaxis was
discontinued (for center policy) but acyclovir prophylaxis was
maintained. Cotrimoxazole was administered for Pneumocystis
jirovecii pneumonia prophylaxis from hematologic recovery until
3 months after reinfusion. Patients were transplanted with
unmanipulated grafts. Neutropenia and fever were described, and
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microbiological evaluation was performed as previously described
(8) and in references therein (17, 19, 21). Routine rectal swabs were
performed at patients’ admission before initiating conditioning
regimen. Colonized patients were as defined previously (11).

2.3 Ultrasonographic examination

A bed-side US (B-US) was performed, as soon as patients were
admitted on the ward, before receiving chemotherapy conditioning
(19, 23, 24). B-US was repeated within 24 h from the onset of any
symptom or combination of symptoms presented such as fever (F),
and/or abdominal pain (AbdP) and/or diarrhea (D). Ultrasound
was performed with an Esaote MyLab 25 ultrasonographer
equipped with a 3.5-5.0-MHz convex probe and a 7.5-MHz linear
transducer without any preparation (19). The entire gastrointestinal
tract was examined as previously described (19, 20, 22, 23, 25, 26).
The presence/absence of free abdominal fluid in all four quadrants
and/or abdominal organ pathologies (17, 23, 24) was also assessed
during each imaging study (25, 27, 28). Patients who were
diagnosed with NEC (NECpos) were considered our study group.
Asymptomatic patients received another bed-side US to assess the
gastrointestinal tract after 5 days of neutropenia for trial purposes
(17, 19, 20). Patients who did not experience a NEC episode
(NECneg) during the entire observational period (from day 0
until discharge) were considered controls. Follow-up ultrasound
was repeated if clinical conditions worsened or at onset of new
symptoms. Ultrasound studies were performed either on weekdays
or during the weekend as clinically indicated. In all patients, bed-
side US was performed by a hematologist teacher at the Italian
School for Basic and Emergency Ultrasound (SIUMB) at the
University of Pisa, with expertise in GIUS ultrasound (18-20,
22, 27).

2.4 Definition of neutropenic enterocolitis

NEC was defined as previously described. Using high-resolution
US, the bowel wall thickness (BWT) greater than 4 mm for a length

10.3389/fonc.2024.1369601

greater than 30 mm in the transverse scan was a key point for
diagnosis (Figure 1) (16, 17, 19-21, 29, 30).

The axillary temperature >38.0°C was considered fever.
Diarrhea was defined as more than three fluid stools/24 h, during
neutropenia and neutropenia (16, 17, 31), which was defined as
absolute neutrophil count (ANC) < 0.5 x 10°/L. Abdominal pain
was evaluated using a Visual Analogous Scale Pain Score, ranging
from 0 to 10 (17). NECe resolution was defined by the combination
of the complete disappearance of symptoms and the normalization
of all bowel segments involved at diagnosis with US (19, 20) (and
references therein).

2.5 Treatment

As soon as NEC was diagnosed (clinical and ultrasonographic
diagnosis), and blood cultures were obtained in febrile patients, a
conservative approach with broad-spectrum antibiotics covering
Gram- positive and -negative pathogens, anaerobes, and fungi was
immediately started. Treatment included meropenem, liposomal
ampho-B, and vancomycin. Caspofungin was used in patients with
renal impairment and electrolyte imbalance. In sepsis/septic shock,
IgM-enriched immunoglobulins were infused over 3 days (19, 20,
32, 33). Antibiotic treatment was modified according to sensitivity
tests if infections were documented. The median duration of
antimicrobial therapy for NEC was 5 days (range 3-9 days). All
patients in the NEC cohort were treated conservatively, and none
underwent surgery. Total parenteral nutrition, fluid resuscitation,
transfusions of packed red blood cells, and platelet and fresh frozen
plasma as needed (19-21) were used as part of the supportive
treatment. NEC-related mortality was defined according to what
was previously published (13, 14, 16, 17, 19, 21, 30, 34, 35).

2.6 Non-relapse mortality

We considered early non-relapse mortality (NRM) if the event
of death occurred before discharge from the Hematology ward,
prior to neutrophil engraftment. We considered late NRM if it

occurred from discharge until day 100.

FIGURE 1

Neutropenic enterocolitis involving the transverse colon (A) and ascending colon (B) using a 3.5-5.0-MHz convex probe and a 7.5-MHz linear
transducer, respectively. White arrow in A and B show compressed lumen. White arrowheads show that the bowel wall is abnormally thickened [(A)

12.8 mm, and (B) 18.6 mm]. Haustra are poorly recognizable.
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2.7 Statistical analysis

Categorical data were described by absolute and relative (%)
frequency, continuous data by mean and standard deviation.
Categorical and continuous patients’ characteristics were
compared (BEAM vs. FEAM) using the chi-square test (or z-test
for two proportions) and t-test for independent samples,
respectively. Comparison between days of hospitalization and
NEC (no, yes) was performed by t-test for independent samples.
Survival curves were calculated with the Kaplan-Meier method and
to evaluate the influence of the therapy (BEAM, FEAM) on the PFS
and OS, univariate Cox regression was performed. Significance was
set at 0.05, and all analyses were carried out with SPSS
v.29 technology.

3 Results
3.1 Characteristics

From November 2002 to December 2022, 191 patients with
NHL and HL who underwent ASCT were prospectively enrolled in
this study. A total of 129 pts and 62 were conditioned with BEAM
and FEAM, respectively. The patients’ characteristics are reported
in Table 1. The two study populations (patients transplanted in the
BEAM vs. FEAM groups) were homogeneous.

3.2 NEC incidence

The overall incidence of NECe was 34% (65/191); 40/129 (31%)
and 25/62 (40.3%) occurred in patients conditioned with BEAM
and FEAM, respectively, without a statistically significant difference
(p = 0.653). NEC was diagnosed at a median of 3.5 days of grade IV
neutropenia (range 1-12 days). In January 2014, the internal
antibiotic prophylaxis policy in patients undergoing ASCT
changed, and ciprofloxacin prophylaxis was abandoned. The
incidence of NEC before and after January 2014 was not
statistically different (N = 33 NECe/112 ASCT before January
2014, vs. 32 NECe/79 ASCT thereafter, p = 0.113). The time to
grade 4 neutropenia and its length in patients NECpos vs. patients
NECneg were not significantly different within the BEAM and
FEAM groups, as shown in Table 2. The median duration of
symptoms was 5.5 days (range 3-9 days) and 4.5 days (range 3-8
days) in the BEAM and FEAM groups, respectively, without a
statistically significant difference (p = 0.125).

3.3 NRM and NEC outcome

Overall, the non-relapse mortality (NRM) was 3.7% (7/191).
Three patients died after discharge from the ward, at 2.5, 2, and 3
months, respectively (late NRM). The causes of NRM were
pulmonary pneumonia acquired in the community (n = 1),
multiorgan failure (MOF) (n = 1), and disseminated zoster virus
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TABLE 1 Comparison between therapy (BEAM, FEAM) and
patients characteristics.

Characteristic BEAM FEAM p-value
Age 45(13) 46(12) 0.853
BMI 25.4 (4.6) 26.2 (4.6) 0.232
Gender 0.604
82 37
M
63.6% 59.7%
47 25
F
36.4% 40.3%
Number of prior therapies 0.108
23 5
1
17.8% 8.1%
83 43
2
64.3% 69.4%
21 10
3
16.3% 16.1%
2 4
4
1.6% 6.5%
Status at transplant 0.633
102 48
CR
79.1% 77.4%
23 11
PR
17.8% 17.7%
1 2
SD
0.8% 3.2%
3 1
PD
2.3% 1.6%
DLBCL 0.651
84 43
No
67.2% 70.5%
41 18
Yes
32.8% 29.5%
FL 0.705
106 53
No
84.8% 86.9%
19 8
Yes
15.2% 13.1%
HL 0.082
84 33
No
67.2% 54.1%
(Continued)
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TABLE 1 Continued

Characteristic BEAM FEAM p-value
41 28
Yes
32.8% 45.9%
MCL 0.662
110 55
No
88.0% 90.2%
15 6
Yes
12.0% 9.8%

DLBCL, diffuse large B-cell lymphoma; HL, Hodgkin’s lymphoma; T-cell NHL, T-cell
lymphoma; MCL, mantle cell lymphoma; PMBCL, primary mediastinal large B-cell
lymphoma; CR, complete remission; PR, partial remission; SD, stable disease; PD,
progressive disease; BMI, body mass index.

Statistics: mean and standard deviation or frequency and percentage.

(VZV) (n = 1). Four patients died during the neutropenic phase of
the ASCT (early NRM), and in all of them, it was due to a NEC-
related septic shock. Thus, overall mortality related to the
occurrence of a NECe was 6% (4/65 NECe), NEC-related
mortality was 5% (2/40 NECe), and 8% (2/25 NECe) in patients
were conditioned with BEAM and FEAM, respectively. There was
not a significant difference between NEC-related death occurring in
the two groups (p = 0.627). The four NEC-related deaths occurred
N =1/4 (BEAM) in 2009, N = 1/4in 2011 (BEAM), N = 1/4 in 2014
(FEAM), and 1/4 in 2015 (FEAM). From January 2015 (last patient
deceased) up to December 2022, there were no other NEC-related
deaths. There were 119 and 72 patients who were transplanted
before and after January 2015, respectively; the NEC-related
mortality (early NRM) was 11% (4/36) and 0% (0/29) before and
after 2015, respectively, with a trend toward a statistical significance
(p = 0.067).

3.4 Symptomes, intestinal involvement,
and BWT

In Table 3, we report symptoms at NEC diagnosis. The most
frequent symptoms were F+AbP+D, followed by F+D and Abd +D.
Fever alone was never associated with NEC diagnosis in the entire
cohort (N = 0/65). AP and D alone were found in 4.6% and 3%,
respectively, at NEC diagnosis. The intestinal involved sites at NEC
diagnosis were colon N = 33/65 (51%), ileum N = 17/65 (26%), and
colon + ileum N = 15/65 (23%). In patients experiencing a NECe,

10.3389/fonc.2024.1369601

TABLE 3 Patient's symptoms at NEC diagnosis.

Symptoms Number Percentage
Fever 0/65 0
Diarrhea 2/65 3%
Abdominal pain 3/65 4,6%
Fever + diarrhea 13/65 20%
Fever + abdominal pain 6/65 9.2%
Diarrhea+ abdominal pain 8/65 12.3%
Fever + diarrhea+ abdominal pain 33/65 50.7%

the median BWT was 6.9 mm (range 4.5 mm-12.8 mm). In the four
patients who died, NEC involved the ileum in N = 1/4 (BWT 11
mm) and the colon in N = 2/4 (BWT 10.2 mm and 12 mm,
respectively), N = 1/4 last ileum loop plus caecum and ascending
colon (maximum BWT 14 mm). BWT was higher in NECpos
deceased (mean 11.8 mm stand deviation 1.6 mm) patients with
respect to patients who survived a NECe (mean 7.1 mm standard
deviation 2.1 mm), and the difference was statistically significant (p
<0.001). BWT was not found in the control group (NECneg). There
were 64 out of 65 patients diagnosed with NEC who were treated
with conservative medical treatment. One patient underwent
surgery with partial ileum resection.

3.5 Infections

Microbiology-documented NEC infections (blood and/or stool)
were found in 37% (24/65) NECe. Blood cultures were positive in
37% (24/65) and 15% (19/126) patients in the NECpos and NECneg
groups, respectively (with a strong trend showing difference between
NECpos vs. NECneg groups, P = 0.006). Gram-negative bacteria in
blood cultures were the most represented, 46% (11/24) and 27% of
which were MDR bacteria (3/11). Patients colonized were 17% (4/24).
There was not a statistically significant impact of colonization (11) on
the probability to experience a NECe (p = 0.722). In the 24 NECe
with positive blood cultures, we detected the following pathogens:
Pseudomonas aeruginosa (N = 3), two-thirds of which were
quinolones, B-lactams, and aminoglycosides resistant; Escherichia
coli (N = 4), among which one was B-lactamase (ESBL) resistant;
Klebsiella pneumoniae (N = 3), two-thirds of which were non-
carbapenemase-producing bacteria and one-third of which were

TABLE 2 Number, type of cycles of CHT, number of NECe, and median length of days of neutropenia grade IV in AML patients during the study

period (2007-2023).

BEAM BEAM p value FEAM FEAM p value
(NECpos) (NECneg) (NECpos) (NEC neg)
Number of patients 40/129 89/129 25/62 37/62
Time to neutropenia grade IV (median) Day 2 Day 2 p =0.925 Day 2 Day 2 p = 0.564
(IQR 1-2) (IQR 0-2.5) (IQR 1-3) (IQR 1-2)
Length of neutropenia grade IV Median 8 days Median 7 days p =0.072 Median 7 days Median 8 days p =0.555

(IQR7-8.5)
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(IQR7-8) (IQR7-9.5)
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TABLE 4 Patients’ symptoms at NEC diagnosis.

10.3389/fonc.2024.1369601

carbapenemase-producing bacteria; Campylobacter jejuni (N = 1);
Candida albicans (N = 2); Candida krusei (N = 1); Enterococcus

Status of .Number c?f. Num_ber of  pvalue faecalis (N = 4), Staphylococcus haemolyticus (N = 4), and
the patients receiving patients ] . )
disease BEAM = receiving Staphylococcus aureus (N = 2). All four patients who died of septic
at Tx 129 (percentage) FEAM = shock during a NECe had positive BC (N = 1 KPC; N = 2
(number 129 multiresistant pseudomonas aeruginosa, N = 1 E. coli).
of (percentage)
patients)
CR(150 102(79 48(77 =0.754 .
(>0 @ @) P 3.6 Survival
PR(34) 23(18) 11(18) p = 1.000
SD@3) 1) 203) p=0310 In Table 4, we report the disease status at transplant. The BEAM
and FEAM groups were homogeneously distributed. We analyzed if
PD(4) 3(2) 1(2) p = 1.000 . . . .
the following confounding variables had an impact on OS and PFS
A
100 ~
90 \‘L potst _MBEAM
N e _FEAM
80 - —-BEAM-censored
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60
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40
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20
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FIGURE 2

OS (A) and PFS (B) of patients conditioned with BEAM and FEAM (continuous line, cross symbol) and FEAM (dotted line, diamond signal).
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FIGURE 3

OS and PFS of patients conditioned with BEAM (continuous line, cross symbol) and FEAM (dotted line, diamond signal) in DLBCL,FL,HL and MCL.

in the two groups (BEAM vs. FEAM), and we did not find a
statistically significant impact: age p = 0.427; gender p = 0.604; BMI
p = 0.116; histology diffuse large B-cell lymphoma (DLBCL) p =
0.651; Hodgkin’s lymphoma (HL) p = 0.082; mantle cell lymphoma
(MCL) p = 0.662; follicular lymphoma (FL) p =0.705; number of
lines of prior therapy pre-ASCT p = 0.108; and status of the disease
at transplant p = 0.633. At a median follow-up of 116 months (range
3-238 months), the median OS and PFS were not reached in the

10.3389/fonc.2024.1369601
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whole cohort of patients, and there was not a statistically significant
difference between BEAM and FEAM (p = 0.181 and p = 0.978,
respectively, Figures 2A, B, respectively). The median follow-up of
BEAM was longer (156 months, range 2-238 months) vs. FEAM
(103 months, range 56-138 months).

We compared OS and PFS of BEAM vs. FEAM in the most
represented histology (DLBCL, FL, HL, and MCL), and we found
no statistically significant differences (Figure 3). Although median

TABLE 5 Comparison of days of hospitalization of NEC pos vs. NECneg patients, in different time periods because of change of conditioning regimens
over time stratified for period.

Conditioning
2002-2013 BEAM 12.1 (3.1) 14(5) 0.046
2014-2017 FEAM 15.2 (9.7) 16.9 (9.8) 0.548
2018-2022 BEAM 13.8 (9.3) 14.3(4) 0.811
Statistics: mean and standard deviation.
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PES in HL and in MCL in the FEAM group was reached at 90
months and 65 months, respectively, there was not a statistically
significant difference compared with the BEAM group (Figure 3).

3.7 Costs

We analyzed the cost in euros of the management of patients
experiencing a NECe compared with patients NECneg, calculating
the days of hospitalization. The cost of a single room with HEPA
filters and positive pressure is 1.470 euros per one day of
hospitalization in the Tuscany Health Regional System. Overall
patients who experienced NEC (NECpos group) have a median of
hospitalization of 13 days post stem cell (SC) infusion (IQR = 11-
17) vs. patients NECneg with a median of 13 days (IQR = 10-14).
Despite that the median days of hospitalization was the same, the
IQR distribution was statistically different (p = 0.024). In Table 5,
we report the comparison of days of hospitalization of NECpos vs.
NECneg patients, in different time periods because of change of
conditioning regimens over time. We found a statistically
significant difference between the two groups only in the period
2002-2013. The difference was not observed in the periods 2014-
2017 and 2018-2022.

4 Discussion

High-dose chemotherapy (HDC) and autologous stem cell
transplantation (ASCT) is a well-established treatment modality,
which may offer a long-term disease control in patients with relapsed
or refractory non-Hodgkin’s lymphoma (NHL) and Hodgkin’s
lymphoma (HL) (36, 37). BEAM is a widely adopted conditioning
regimen for ASCT, used since the 1990s (11). BEAM early adverse
events related to BCNU include chemotherapy-induced nausea and
vomiting, severe mucositis, hepatotoxicity, nephrotoxicity, and
diarrhea (4-6, 11). Fotemustine is characterized by a reduced
incidence of hepatic and renal complications and by the absence of
pulmonary toxicity (38-40) with antitumor activity that is comparable
with BCNU (9). NEC is a life-threatening complication occurring
mainly in patients undergoing chemotherapy (13, 14, 16, 17, 19, 21,
35). The cytotoxic effect of chemotherapy can cause direct mucosal
injury (13, 29, 34) with loss of gut barrier function, which may lead to a
subsequent microbial invasion of the bowel wall by colonic
organisms (41).

A previous multicenter retrospective study comparing BEAM
vs. FEAM reported that FEAM resulted in a higher mucosal toxicity
(11). To our knowledge, this is the first study with prospective
enrolment of N = 191 patients, aimed to compare the incidence and
outcome of intestinal mucosal damage leading to the life-
threatening complication, namely, NEC, in BEAM- vs. FEAM-
conditioning regimens in relapsed-refractory (RR) patients
affected by NHL and HL. In this study, we found that NEC
incidence was 31% and 40.3% in the BEAM and FEAM arms,
respectively, without a statistically significant difference (p = 0.653)
between the two arms. In the study from Gil et al. (11), the patients
were conditioned with either BEAM or BuCy2, and the overall NEC
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incidence reported was 12%. The difference in NEC incidence
between this study and our study might be attributable to the
difference in conditioning regimens. Moreover, the study
population Gil et al. enrolled NHL, HD, multiple myeloma, and
acute myeloid leukemia patients (11). Previous studies (11, 12)
comparing BEAM vs. FEAM differ from our study because they
were retrospective multicenter studies, and they reported on oral
mucosal toxicity and intestinal mucosal toxicity leading to diarrhea.
In the study from Musso et al. (9), patients were conditioned with
FEAM and mucositis-grade (G) G3/G4 was detected in 30% of
cases, chemotherapy-induced nausea and vomiting. G2/G3 was
documented in 47% of patients, without detection of G4 toxicity.
Diarrthea G2 and G3 were found in 17% and 7%, respectively.
Retrospective studies not aimed to detect NEC using a timely bed-
side US (16, 17, 19, 21) might underestimate the rate of NEC.
Moreover, the lack of robust literature of NEC-dedicated studies in
the ASCT field and the lack of uniformly accepted definitions and
diagnostic criteria for this life-threatening complication might also
contribute to explain the difference with our study (30).

Our study was designed and focused to assess intestinal mucosal
barrier injury by conditioning regimens (NECe), using high-
resolution bed-side US. We found that modified antibiotic
prophylaxis since 2014 had no statistically significant impact on
the incidence of NEC. Furthermore, neither the time to grade 4
neutropenia and the length of grade 4 neutropenia nor the intestinal
colonization had a statistically significant impact on the probability
to develop a NECe. These findings lead to speculate that the
mucosal barrier damage is mostly related to the direct damage
due to chemotherapy, as shown in a previous study (20). In our
study, we diagnosed a high incidence of chemotherapy-related
intestinal mucosal injury in both conditioning regimens (BEAM
and FEAM); nevertheless, overall NEC-related mortalities were 6%,
5%, and 8% in patients conditioned with BEAM and FEAM,
respectively, without a statistical difference (p = 0.653). The low
mortality in the two arms of the study is in accordance with what
previously reported (NRM 2.4% with FEAM, and 0% to 11% with
carmustine-based regimens (9)). Sharma et al. (36) reported day 100
TRM of 15.6% in the BEAM group and 12% in the FEAM group.
Thus, although in our study we aimed at NEC-related incidence and
mortality, our findings are in accordance with the mortality due to
overall infections reported in BEAM and FEAM in the literature (9).
Musso et al. described a favorable toxicity profile in 84 consecutive
patients conditioned with FEAM (9). Conversely in the
retrospective multicenter study from both Marchesi et al. (12)
and Oliveri et al. (11), FEAM showed a higher incidence of G3/
G4 oral mucositis, and clinically or microbiologically documented
infection complications. In the study from Olivieri et al., FEAM
determined a higher incidence of mucotoxicity related to different
enteric mucosal damage (11). Is it noteworthy that the occurrence
of diarrhea as a result from intestinal mucositis grade >3 was
previously reported to be 42% in BEAM (42) and 15%-30% in
FEAM (9, 10). This finding is comparable with the NEC incidence
found in our study. The absence of reported NEC episodes in these
studies with respect to our findings might be explained by the
design of our prospective study, which was focused on an early
detection of NEC using a prompt high-resolution bed-side US.
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Microbiologically documented infections revealed that Gram-
negative bacteria were the most common pathogens in accordance
with that previously reported by Gil et al. (30). Overall, 27% were
multidrug-resistant (MDR) bacteria. We did not find a correlation
between the intestinal colonization and the probability to
experience a NECe. We might explain this observation by the fact
that in the NEC pathogenesis, the intestinal mucosal barrier has to
be injured by chemotherapy to allow intestinal pathogens to reach
the bowel wall layers causing the NEC syndrome (16, 19-21).

The analysis of symptoms at NEC diagnosis showed that fever
alone was never present. Accordingly, this finding has been
previously reported in two other studies (19, 20). The most
involved intestinal site was colon, followed by ileum and colon
+ ileum.

It was previously reported that BWT has a prognostic
significance (35). Due to relatively low incidence of early NRM in
our study, we cannot draw any statistically significant conclusion;
nevertheless, the patient who died had a BWT of >10 mm.
Furthermore, our study shows that BWT is pathognomonic of
NEC as it was never detected with US in the NECneg group
according to previously reported studies (16, 19, 20).

We analyzed OS and PFS comparing the two conditioning
regimens. We found no statistically significant difference in
12, 43), and
furthermore, OS and PFS were comparable if patients were

accordance with that previously reported (11,

stratified for the most represented histology subtypes (DLBCL,
MCL, FL) (Figures 2, 3).

We analyzed the impact of a NECe on the length of
hospitalization, and we found a statistically significant difference
between NECpos and NECneg groups only in the time period from
2002 to 2013. Since 2014 in patients with timely diagnosis of NEC
by US and immediate treatment, NECe did not result in a
statistically significant increase in hospitalization days compared
with the NECneg ASCT group, resulting in high cost savings. We
can explain these data with the increased knowledge of timely
ultrasound diagnosis focused on NEC followed by timely treatment.
This explanation could be also supported by the absence of NEC-
related deaths after 2015.

5 Conclusions

Our prospective NEC-oriented study shows that BEAM and
FEAM condition regimens are comparable in terms of incidence of
life-threatening intestinal mucosal injury (NECe), NEC-related
mortality, OS, and PFS. The high incidence of NEC- and low
NEC-related mortality may suggest that timely, high-resolution
bedside ultrasound is a valid, repeatable, radiation-free tool that
allows evaluation of critically ill neutropenic patients without
leaving the isolation room.
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