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ABSTRACT

Objectives: To compare the severity of oral mucositis and the frequency of gastrointestinal
mucositis, and to observe if there is impact of these adverse effects on overall survival (OS),
in patients who underwent CBV (carmustine, BCNU, and VP-16) and LEAM (lomustine, etopo-
side, Ara-C, and melphalan) conditioning for autologous hematopoietic cell transplantation
(@HCT). Method: We collected retrospective data from medical records (n = 120) of trans-
plantation and mucositis in the digestive tract of Hodgkin’s and non-Hodgkin’s lymphoma
patients. Results: The frequency of OM grade 1 was higher in LEAM (36.76%) than in CBV
(19.72%, p=0.038). There were no significant differences between the frequency of gastro-
intestinal mucositis in the two regimens (CBV - 52.11% and LEAM - 63.27%, p=0.305). CBV
regimen exhibited lower 1-year overall survival (OS) than did LEAM (p=0.003). Oral muco-
sitis grade >2 was associated with reduced OS in the CBV group (p=0.013). CBV regimen
(HR=2.98, p 0.005) and oral mucositis grade >2 (HR=2.17, p=0.013) interfered negatively on
the OS rate. Conclusion: Oral mucositis was more severe in CBV than in LEAM, decreasing the
OS rate. Further studies with comprehensive follow-up and toxicity analyses must be under-
taken to clarify the safety of LEAM conditioning in the digestive tract.

Keywords: Lymphoma. LEAM. CBV. Oral mucositis. Autologous hematopoietic cell trans-
plantation.

INTRODUCTION
and carmustine (BEAC) are examples of condition-

ings adopted to avoid high-dose irradiation;** these
regimens are selected based on institutional expe-
riences and preferences. An optimal conditioning
regimen for aHCT, however, remains a prominent
challenge in lymphoma treatment.”

Autologous hematopoietic cell transplantation
(@aHCT) has been indicated for patients with refrac-
tory or relapsed Hodgkin's disease and non-Hod-
gkin's lymphoma, improving event-free and pro-
gression-free survival rates.”” To achieve favorable
outcomes, aHCT conditionings must have anti-lym-
phoma effects.2. High-dose chemotherapy com-  Carmustine leads to high lung toxicity, has a high
bining cyclophosphamide, BCNU/carmustine, and  cost, and is in shortage in many countries,’® includ-
VP-16/etoposide (CBV); BCNU/carmustine, etopo-  ing Brazil.” This drug has been replaced by lomus-
side, Ara-C/cytarabine, and melphalan (BEAM); or  tine combined with etoposide, Ara-C/cytarabine,
cyclophosphamide, etoposide, Ara-C/cytarabine, and melphalan (LEAM)®° to substitute CBV in aHCT
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conditioning. Although promising results are linked
to LEAM, including improvement in overall and dis-
ease-free survivals’, its toxicity in the gastrointestinal
tract relative to CBV has been poorly investigated. In
our institution, LEAM was introduced in 2011 to re-
place CBV conditioning due to carmustine shortage
in the national market. However, we did not know
the LEAM toxicity in the gastrointestinal tract of our
patients and whether this toxicity would have an
impact on overall survival. Therefore, the aim of this
study was to compare the severity of oral and gastro-
intestinal mucositis in lymphoma patients who un-
derwent CBV and LEAM conditionings prior to aHCT,
as well as the impact of these toxicities on overall
survival (OS).

METHOD

This retrospective study enrolled consecutive Hod-
gkin's and non-Hodgkin’s lymphoma patients who
underwent aHCT. The study was approved by the
ethics committee of our institution (Project #139-
420-2011, CAAE 0102.0.420.000-11) and followed
according to the criteria defined by the Declaration
of Helsinki. Informed consent from all adult patients
and guardians of underage patients was obtained
for aHCT-related procedures.

Patient and transplantation characteristics

We examined the medical records from patients who
underwent aHCT at the Bone Marrow Transplan-
tation Center of Hospital of Juiz de Fora University,
Brazil, between September 2004 and July 2016. In-
clusion criteria were: patients diagnosed with Hod-
gkin’s and non-Hodgkin's lymphoma who under-
went a conditioning regime with CBV or LEAM, who
followed the oral care protocols, and whose records
had clear information on oral and gastrointestinal
mucositis. Exclusion criteria were medical records
with insufficient information about time duration
of neutropenia and transplantation, and about oral
and gastrointestinal toxicity. Medical records of pa-
tients who refused the oral care protocols were also
excluded.

Data collection

The data were collected by a single researcher with
expertise in bone marrow transplantation. The fol-
lowing information about the patient and the trans-
plantation was collected: age, sex, primary disease,
status of the disease (refractory, partial, or complete
remission), duration of neutropenia (number of days

with neutrophil count <500 cells/mm3), and dura-
tion of hospitalization (number of days from the first
day of conditioning to the day of discharge from
the transplantation center). Data on oral mucositis
and diarrhea were collected from the first day of
the conditioning to the last day in the bone marrow
transplantation. Presence of diarrhea related to gas-
trointestinal mucositis was considered only when
non-infectious etiology (confirmed by microbial cul-
tures) and =3 daily episodes were registered. We also
recorded the presence of prescriptions for artificial
nutrition.

LEAM and CBV conditionings

Patients who underwent HCT from 2004 to 2011
received the CBV conditioning; from 2011 to 2016,
all the selected patients were exposed to the LEAM
conditioning. Patients in the LEAM group received
lomustine (300 mg/m2) in D-4, etoposide (1000
mg/m2) in D-3, aracytin (4000 mg/m2) in D-2, and
melphalan (140 mg/m2) in D-1. Dosages for LEAM
conditioning regimen were according to Dos San-
tos et al. (9). Hematopoietic cells were infused 24 h
following the end of the melphalan conditioning. In
CBV group, the patients received cyclophosphamide
(1800 mg/m2) from D-6 to D-3 (total of 7200 mg/
m2), etoposide (400 mg/m?2) every 12 h from D-6 to
D-4 (total of 2400 mg/m2), and BCNU (450 mg/m2)
in D-2.

Oral care and oral mucositis assessment

All patients received oral hygiene guidance and an
oral care protocol for prevention and treatment of
oral mucositis. The patients used a soft toothbrush
and toothpaste with fluoride, and alcohol-free anti-
septic mouthwash for 30 s twice per day. Low-level
laser therapy was administered three times per week
using a diode laser (gallium indium arsenide, InGaA-
IP, 660 nm, 0.04 cm2 spot, 100mW, 25J/cm2, 10 s per
point, 1 J per point) from the first day of oral mucosi-
tis symptoms to the point of complete remission of
the lesions.

Oral mucositis severity was recorded daily by a den-
tist following the World Health Organization grading
criteria as follows: 0 — absence of oral lesions; 1 —only
erythema; 2 — presence of pseudomembrane or ul-
ceration, but normal oral ingestion is possible; 3 -
presence of ulcerated lesions, and only liquid diet is
possible by oral ingestion; 4 — presence of ulcerated
lesions, and oral ingestion is not possible; necessary
artificial nutrition.
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Primary and secondary outcomes

The primary outcome was the impact of CBV and
LEAM regimens on the severity of oral and gastro-
intestinal mucositis. The secondary outcome was
the impact of oral and gastrointestinal mucositis on
overall survival (OS).

Statistical analyses

Numerical and categorical data were shown as me-
dian and minimum-maximum, and absolute and
relative (%) frequencies, respectively. The medical
records were grouped in LEAM and CBV condition-
ings. Comparisons between the two groups were
performed using the Mann-Whitney test and x2 test
with Bonferroni correction. In each group, we con-
sidered duration of neutropenia and transplanta-
tion (dichotomized in accordance with the median
of days), presence of non-Hodgkin’s lymphoma, and
disease status (in partial remission/refractory status)
asrisk factors for oral mucositis grade >2 and for pres-
ence of gastrointestinal mucositis. The Kaplan-Meier
curve was used to measure OS, which was defined as
the first day of enrollment in the hospital to the last
day of the follow-up registration. Mean follow-up
was one and three years in the LEAM and CBV con-
ditioning groups, respectively. We applied log-rank
test to compare the OS between the two groups and
to verify the impact of oral mucositis and diarrhea in
the OS. Cox proportional hazards regression was ap-
plied to determine which factor was decisive for OS.
We adopted 5% as the level of statistical significance.

RESULTS

From September 2004 to July 2016, a total of 286
aHCTs were performed in our institution. Of these,
128 were performed on patients with a diagnosis of
either Hodgkin’s or non-Hodgkin's lymphoma. Eight
medical records showed inconsistent data, leading
to a total of 120 medical records selected for the
study.

Patients and transplantation characteristics

Table 1 depicts patient and transplantation charac-
teristics. The CBV and LEAM groups were composed
by 71 and 49 patients, respectively. The median age
was 34 years, and the majority were male (64.17%).
For both groups, the most frequent primary disease
was Hodgkin's lymphoma, nodular sclerosis subtype.
In the LEAM group, the frequency of patients with
complete remission of the disease (51.0%) was high-
er than in the CBV group (32.4%, p = 0.009). In ad-
dition, the median duration of neutropenia in LEAM

(8.5 days) was significantly lower than in CBV (12
days, p < 0.001); a similar result was found for length
of hospitalization (LEAM - 18 days vs. CBV — 21 days,
p=0.014).

Oral and gastrointestinal mucositis

Table 2 shows the data of oral and gastrointestinal
mucositis, as well as of artificial nutrition prescrip-
tion. Oral mucositis was detected in 52.5% of pa-
tients. The frequency of OM grade 1 was higher in
LEAM (36.7%) than in CBV (19.7%, p = 0.038). Grade
4 oral mucositis was not observed in any group. No
significant differences were found in the frequency
of gastrointestinal mucositis between the two regi-
mens (CBV — 52.1%, LEAM - 63.3%). The percentage
of artificial nutrition prescription was very low in
both groups (CBV - 2.8%, LEAM - 2.0%). Analyzing
the potential risk factors for oral mucositis grade >2
and gastrointestinal mucositis (Table 3), no signifi-
cant association was found in either group for any
variables.

Overall survival

The CBV regimen resulted in lower 1-year OS (mean:
64.0%, 95% Cl: 51.4-74.0%) than did the LEAM reg-
imen (mean: 80.0%, 95% Cl: 64.0-89.0%, p = 0.003;
Fig. 1). Oral mucositis grade =2 significantly reduced
the OS in the CBV group (p = 0.013; Fig. 2A), but not
in the LEAM group (Figure 2B). In the CBV group, OS
in patients with gastrointestinal mucositis was lower
than the OS of the CBV patients without gastrointes-
tinal mucositis (p = 0.050; Fig. 2C); this trend was not
observed in the LEAM group (p = 0.740; Fig. 2D). Du-
ration of neutropenia and transplantation, primary
disease, status of the disease, previous radiotherapy,
and number of previous chemotherapies did not sig-
nificantly influence OS.

We performed a Cox regression to verify whether the
presence of gastrointestinal mucositis, oral mucosi-
tis grade =2, or conditioning with CBV affected OS.
In the second model, after omitting gastrointestinal
mucositis (Table 4), oral mucositis grade >2 and CBV
regimen were found to significantly impact OS.

DISCUSSION

In this retrospective study, our goal was to compare
oral and gastrointestinal mucositis between pa-
tients having undergone CBV and LEAM regimens.
We found that the frequency of oral mucositis with
mild severity was significantly higher in the LEAM
group than in the CBV group. In addition, oral muco-
sitis grade >2 reduced the OS rate in the CBV group,
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suggesting that in CBV, the oral toxicity had a high
impact.

The conditioning type was the only predictive fac-
tor for mucositis in the digestive tract in the present
study. None of other factors related to the patient
and the transplantation were linked to mucositis. It
is important to mention that we failed to find other
studies (apart from those of our group) analyzing the
severity of mucositis in LEAM and CBV conditionings.

On the other hand, there are studies comparing
LEAM with BEAM conditioning, which showed a
lower frequency of severe oral mucositis in LEAM;
however, these differences were not statistically sig-
nificant.’®*'° Other investigations reported similar
trends in oral toxicity between these two regimens."
Comparing BEAM and CBV, BEAM toxicity appears
to be controversial. For instance, one study showed
that the frequency of oral mucositis and diarrhea
was higher in BEAM than in CBV,4 but another report
found the opposite.'”

Although we found differences in oral mucositis, this
trend was not detected in gastrointestinal mucositis.
The present study neglected the impact of gastro-
intestinal mucositis, addressing only its frequency,
and not its severity. Other authors reported a lower
rate of gastrointestinal toxicity in LEAM relative to
BEAM.5™

Besides high oral toxicity, the CBV regimen also pre-
sented longer durations of neutropenia compared to
the LEAM regimen. Another study showed that CBV
resulted in a longer duration of neutrophil engraft-
ment than did BEAM."? We also detected that the
length of hospitalization was reduced in the LEAM
group, with a median of 18 days; in the literature, the
hospitalization period of patients who underwent
LEAM conditioning was >20 days.>'"

Despite the differences between the two condition-
ings, the oral mucositis was, in general, not severe

in the majority of the patients, and the prescription
of artificial nutrition was rare. This trend is in accor-
dance with the other study that investigated LEAM
and BEAM." The routine oral care protocol may have
contributed to this lower toxicity.

Survival in LEAM regimens has been considered
similar to that observed in BEAM regimens.6,8,10
However, the follow-up period in these investiga-
tions is quite short, which limits the veracity and
generalizability of any conclusions drawn. We found
a significant improvement in OS in patients who un-
derwent LEAM relative to CBV, but our follow-up pe-
riod (only one year) was also substantially limited. A
previous study from our group reported better OS
in LEAM than in CBV, but the analysis was restrict-
ed to 100 days post-transplantation.” It is important
to mention that some patients who were retrospec-
tively included in the present study were analyzed
prospectively in our prior study, which restricts any
comparisons made between the two studies.

One of the main findings was that, in addition to
CBV conditioning, oral mucositis grade >2 impacted
negatively on OS, suggesting the importance of oral
mucositis in relation to other risk factors in the trans-
plantation. Therefore, the oral care protocols to pre-
vent and treat oral mucositis should be emphasized
in CBV regimens.

CONCLUSION

In conclusion, the severity of oral mucositis is higher
in CBV than in LEAM, impacting negatively on the OS
rate. Further studies, with comprehensive follow-up
and toxicity analyses must be conducted to clarify
the safety of LEAM conditioning for the digestive
tract.
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TABLE 1 - Characteristics of the patients and the transplantation in CBV and LEAM groups.

CBV LEAM P value*
(n=71) (n=49) All (n=120)
Sex—n (%)
Male 44 | (61.97) 33 (67.35) 0.546 77 (64.2)
Female 27 (38.03) 16 (32.65) 43 (35.8)
Age (y) — median (range) 33 (8-68) 37 (14-67) 0.088 34 (8-68)
Primary disease — n (%)
Non-Hodgkin lymphomas 24 (33.8) 23 (46.9) 0.208 47 (39.2)
Diffuse large B-cell 13 (18.3) 6 (12.2)
High-grade B-cell 0 (0.0 2 (4.1)
Follicle center B-cell 0 (0.0 1 (2.0
Burkitt 1 (1.4) 0 (0.0)
Mantle cell 4 (5.6) 8 (16.3)
Peripheral T-cell 3 (4.2) 4 (8.2)
Anaplastic large cell 1 (1.4) 2 4.1)
No information 2 (2.8) 0 (0.0)
Classical Hodgkin lymphomas 47 (66.2) 26 (53.1) 73 (60.8)
Nodular sclerosis 32 (45.1) 20 (40.8)
Mixed cellularity 10 (14.1) 4 (8.2)
Lymphocyte-rich 2 (2.8) 2 4.1)
No information 3 (4.2) 0 (0.0)
Previous radiotherapy — n (%) 36 (50.7) 17 (34.7) 0.211 53 (44.6)
Number of previous chemotherapy — median ) (1-5) ) (1-4) <0.001 ) (1-5)
(range)
Disease status — n (%)
Partial remission 34 (47.9) 17 (34.7) 0.754 51 (42.5)
Complete remission 23 (32.4) 25 (51.0) 0.009 48 (40.0)
Refractory 9 (12.7) 5 (10.2) 0.678 14 (11.6)
Without data 5 (7.0) 2 (4.0 0.496 7 (5.8)
Days of neutropenia + - median (range) 12 (8-26) 8.5 (5-18) <0.001 10 (5-26)
Days of hospitalization § - median (range) 21 (11-74) 18 (7-70) 0014 20 (7-79)

CBV - cyclophosphamide, BCNU, and VP-16 conditioning; LEAM - lomustine, etoposide, Ara-C, and melphalan conditioning.
* p value for c2 test and Mann-Whitney test.

+ <500cells/mm3

§ From the first day of conditioning to the discharge of the transplantation center.
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TABLE 2 - Frequency of digestive tract, liver, and lung toxicities, and prescription
of artificial nutrition in CBV and LEAM groups.

CBV LEAM P value* ALL
(n=71) (n=49) (n=120)
Grade
+ of oral mucositis - n (%)

0 38 (53.2) 19 (38.8) 0.160 57 (47.5)

1 14 (19.7) 18 (36.7) 0.038 32 (26.7)

2 9 (12.7) 8 (16.3) 0.766 17 (14.2)

3 10 (14.0) 4 (8.1) 0.481 14 (11.7)

4 0 (0.0) 0 (0.0) 1.000 0 (0.0)
Gastrointestinal mucositis - n (%) 37 (52.1) 31 (63.3) 0.305 68 (56.7)
Veno occlusive disease — n (%) 6 (8.4) 4 (8.1) 1.000 10 (8.3)
Lung toxicity — n (%) 9 (12.7) 6 (12.2) 1.000 15 (12.5)
Artificial nutrition - n (%) 2 (2.8) 1 (2.0) 1.000 3 (2.5)

CBV - cyclophosphamide, BCNU, and VP-16 conditioning; LEAM — lomustine, etoposide, Ara-C, and melphalan conditioning.
* p value for c2 test.

+ In accordance of World Health Organization classification.

TABLE 3 - Univariate analysis for factors associated to oral mucositis grade > 2 and gastrointestinal
mucositis in CBV and LEAM groups.

P values*
Oral mucositis grade > 2 Gastrointestinal mucositis
CBV LEAM All CBV LEAM All
Days of neutropenia > 12 0.187 0.488 0.813 0.438 1.000 0.556
Days of transplantation > 21 0.785 0.173 0.532 0.808 0.127 0.583
Non-Hodgkin lymphoma (yes/no) 0.278 1.000 0.397 0.623 0.390 1.000
Previous radiotherapy (yes/no) 0.424 1.000 1.000 1.000 0.355 1.000
Previous chemotherapies > 2 1.000 0.503 0.678 0.770 0.758 0.754
Partial remission/refractory (yes/no) 0.774 0.083 0.386 0.605 0.771 0.444

CBV - cyclophosphamide, BCNU, and VP-16 conditioning; LEAM - lomustine, etoposide, Ara-C, and melphalan conditioning.

* p value for 2 test.

TABLE 4 - Cox proportioznal harzard regression for overall survival with oral mucositis grade >2,
gastrointestinal mucositis, and CBV conditioning as explanatory variables.

HR 95%Cl P value
Gastrointestinal mucositis 1.65 0.89-3.07 0.110
Oral mucositis grade >2 2.17 1.17-4.03 0.013
CBV conditioning 2.98 1.38-6.41 0.005

CBV - cyclophosphamide, BCNU, and VP-16 conditioning.
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FIGURE 1 - Kaplan-Meier and log rank test for overall survival in CBV and LEAM groups.
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FIGURE 2 - Kaplan-Meier and log rank test for overall survival related to oral mucositis grade >2 and
gastrointestinal mucositis in CBV (A and C) and LEAM groups (B and D).
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