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ABSTRACT

Aim: The incidence of invasive fungal infection (IFl) is high in patients undergoing allogeneic hematopoietic stem cell transplantation. Despite
new antifungal agents, IFl is still an important cause of mortality. Our study aimed to determine the risk factors of IFl and its effect on mortality.

Materials and Methods: One hundred and fifty-four patients who underwent allogeneic transplantation were included in the study. Demographic
characteristics, underlying disease, transplantation characteristics, and IFl status of all patients were evaluated retrospectively. The study group was
divided into two: 75 patients with definite, high probability and possible IFI (group 1) and 79 patients without IFI (group 2) according to the criteria
of the international committee.

Results: Of 154 patients, 92 were male (59.7%) and 62 were female (40.3%) with a mean age of 41.87+14.04 years (range: 18-67 years). The
most common transplant indication was acute myeloid leukemia in 58 patients (37.7%). In the analyzes performed on two groups, more IFl were
observed in those who had acute graft-versus-host disease after transplantation (p= 0.035) and in those with CMV reactivation (p=0.002). The
mean neutropenia duration was 30.89+20.40 in group 1 and 19.98+11.01 in group 2 (p=0.001). Underlying diseases, preparation regimen, donor
compatibility, consanguineous marriage and IFl history were not found to be significant in terms of the development of IFl. The mortality rate due
to IFl was found to be 24%. The mean duration of neutropenia was found to be longer in patients who died (p=0.02).

Conclusion: In our study, the frequency of IFI, risk factors and mortality rates were found to be similar to the literature. It would be appropriate for
each center to evaluate the frequency of IFl and the risk factors that increase it and decide which treatment strategy is more beneficial for their
patients.
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0z
Amag: Allojeneik hematopoetik kok hiicre nakli yapilan hastalarda invaziv fungal enfeksiyon (IFE) gériilme sikhigi yliksektir. Yeni antifungal ajanlara

ragmen IFE bu hastalarda halen 6nemli bir mortalite sebebidir. Calismamizda IFE gelisimini kolaylastiran risk faktorlerinin ve mortaliteye etkisinin
belirlenmesi amaglanmistir.
Gerec¢ ve Yontem: Allojeneik nakil yapilan 154 hasta calismaya dahil edildi. Tim hastalarin demografik 6zellikleri, altta yatan hastalgi, nakil

ozellikleri, IFE durumu retrospektif olarak degerlendirildi. Calisma grubu uluslararasi komitenin kriterleri kullanarak kesin, yiiksek olasi ve olasi IFE
olan 75 hasta (grup 1) ve IFE olmayan 79 hasta (grup 2) olarak ikiye ayrildi.
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Bulgular: Yiiz elli dort hastanin 92'si erkek (%59,7), 62'si kadin (%40,3) ve ortalama yasi 41,87+14,04 (yas arali§i: 18-67) idi. En sik nakil endikasyonu
58 hasta (%037,7) ile akut myeloid l6semi tanisiydr. iki grup iizerinden yapilan analizlerde nakil sonrasi akut graft versus host hastaligi gecirenlerde
(p=0,035) ve CMV reaktivasyonu gbriilenlerde (p=0,002) daha fazla iFE gériildii. Ayrica grup 1'in ndtropeni siiresi ortalama 30,89+20,40 iken, grup
2'nin ortalama 19,98+11,01 idi (p=0,001). Hastalik tanisi, hazirlama rejimi, donor uyumu, akrabalik durumu ve IFE 6ykiisii ile IFE gelisimi agisindan
anlamli farklilik bulunmadi. IFE nedeniyle mortalite orani %24 saptandi. Exitus olan hastalarin ortalama nétropeni siiresi daha uzun bulundu

(p=0,02).

Sonug: Calismamizda literatiirle benzer oranlarda IFE sikligi, risk faktorleri ve mortalite orani saptandi. Her merkezin IFE sikligini, artiran risk
faktorlerini degerlendirmesi ve hastalari icin hangi tedavi stratejisinin daha yararl olduguna karar vermesi uygun bir secenek olacaktir.

Anahtar Kelimeler: Allojeneik nakil, invaziv fungal enfeksiyonlar, risk faktorleri, mortalite belirtecleri

INTRODUCTION

Hematopoietic stem cell transplantation (HSCT) is a process
that involves the infusion of stem cells from the patient
(autologous HSCT) or from a human leukocyte antigen (HLA)
compatible donor (allogeneic HSCT) following high-dose
chemotherapy. It is a treatment method used in the treatment
of many hematological, immunological and neoplastic
diseases'. After allogeneic HSCT, immunosuppressive agents
such as calcineurin inhibitors are taken for a long period of
time for the prophylaxis or treatment of graft-versus-host
reaction (GVHD)2 For this reason, patients who undergo HSCT
are at high risk for serious life-threatening infections®“.

The incidence of invasive fungal infections (IFl) is high in
patients undergoing allogeneic HSCT, and despite the recent
use of new antifungal agents, IFl is an important cause of
mortality in these patients. Factors such as the development
of aplasia or GVHD after transplantation and the intensive
use of immunosuppressive treatments also increase the risk
of IFI>€. In 2008, the European Organization for Research and
Treatment of Invasive Fungal Infections Cooperative Group/
National Institute of Allergy and Infectious Diseases Mycosis
Study Group (EORTC/MSG) Consensus group developed
criteria for the classification of potential cases according to
the probability of IFl, and these were revised in 202072, As the
frequency of antifungal prophylaxis increases, the importance
of determining the patient group at risk for IFl increases®. Risk
factors include the type of disease requiring allogeneic HSCT,
type of preparatory regimen, history of previous IFl, presence
of HLA compatibility, type and duration of prophylactic
antifungal treatment, development and severity of acute
or chronic GVHD after allogeneic transplantation, intensive
treatment due to GVHD development, and cytomegalovirus
(CMV) reaction®69-13,

Over the past 20 years, the epidemiology of IFI has changed
with the prophylactic use of fluconazole against Candida
albicans, and mold infections have become more common'+"’.

Changes in transplantation practices, including unrelated or
haploidentical donor preferences, conditioning regimens, and
strategies for diagnosing and treating IFl, likely influence the

epidemiology and outcomes of IFI'®'%. Although the frequency
and response rates of IFl in allogeneic HSCT vary in the
literature, the average frequency has been reported to be 10%
to 26% and the mortality rate has been reported to be 40% to
900%, depending on the presence of risk factors®'820.2122,

The aim of this single-center and retrospective study was to
evaluate the frequency, risk factors, clinical picture, treatment
and survival of IFl in patients undergoing allogeneic stem cell
transplantation.

MATERIALS AND METHODS

Patient Selection

All patients hospitalized in the adult hematology clinic of Ege
University between 2011 and 2017, who underwent allogeneic
stem cell transplantation regardless of indication, who were
over 18 years of age and whose data were completely available,
were included in the study. Exclusion criteria included
transplantation for non-hematological malignancies or solid
tumors. Patients who underwent multiple allogeneic HSCT
during the study period were evaluated separately at the time
of the second or third transplantation. Data were collected
independently for each transplantation.

Study Design

A total of 154 patients who met our study criteria were
included. All patients' data were retrospectively scanned
from their medical files and the hospital's digital data system.
Collected variables included the subject's demographic
characteristics, underlying disease, transplant characteristics,
IFl type, ad outcome.

Underlying disease and transplant characteristics included
diagnosis of hematologic malignancy (according to the
French-American-British criteria) or type and status of other
underlying disease, donor type, HLA compatibility, regimen type
(myeloablative, non-myeloablative), age at transplantation,
and presence of previous IFl.

Features observed during follow-up of patients who underwent
allogeneic transplantation were also recorded. Immunological
risk factors (duration of neutropenia, duration of intensive
care, presence of acute GVHD, GVHD treatment, CMV response)
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and features related to IFl (primary and secondary prophylactic
antifungal use status, type of antifungal used in prophylaxis,
time of onset and duration) were recorded.

EORTC/MSG criteria were used to evaluate the presence of IFl,
and blood galactomannan antigen positivity, high-resolution
computed tomography findings, pathological evidence, and
culture evidence were recorded. The patient group was divided
into two. The first group consisted of 75 patients with definite,
highly probable, and possible IFl using EORTC/MSG criteria. The
definitions for IFl are summarized in Figure 1. Among these
patients, there were patients who were started on antifungal
treatment due to fever of unknown origin and were included in
the probable IFl group. The other group consisted of 79 patients
without IFI. All analyses were performed on these two groups.
In patients who received IFl treatment, the type of IFl, the day
of transplantation on which it developed, empirical treatment
status, the type of antifungal drug used in treatment and any
changes, the response to IFl after treatment, and the cause of
death, if any, were recorded.

The study was carried out after obtaining the necessary
permissions from the Clinical Research Ethics Committee of
the Ege University Faculty of Medicine (decision no: 17-2/7,
date: 13.03.2017).

Statistical Analysis

SPSS computer package program was used for statistical
analyses. Data were given as number, percentage, mean
and standard deviation. Frequency tables were used when
evaluating study data. chi-square test and/or Fisher's exact
test were used in statistical analyses. Wilcoxon W or Mann-
Whitney U test was used for comparison of independent
means. Significance level was taken as p<0.05.

RESULTS

General Patient Characteristics

A total of 154 patients who underwent allogeneic HSCT were
included in the study. The mean age of the patients was 41.87+14.04
years (age range: 18-67), consisting of 92 males (59.7%) and 62
females (40.3%). The duration of hospitalization of the patients
ranged from 25 to 195 days (median value: 47 days).

The most common allogeneic HSCT indication was acute
myeloid leukemia diagnosis in 58 patients (37.7%). The graft
source in all patients was granulocyte colony stimulation
factor stimulated peripheral blood. Demographic data and
transplantation-related characteristics of the patients (HLA
compatibility, donor type, regimen type) are given in Table 1.

(in a sterile material)

Proven IF| Highly possible IFI Possible IFI
Histological or Host factors Host factors
cultural evidence (neutropenia, immunosuppression) +

Mycological criteria (direct-cytol-
ogy, culture or indirect test in
non-sterile material- BGA, BG)

Clinical criteria (+CT/MRI, FB,
retinal)

Clinical criteria

Figure 1. The main criteria of proven, highly possible and possible fungal infections

IFI: Invasive fungal infection, BGA: Galactannan antigen in the blood, BG: 1,3-B-d-glukan, CT: Computed tomography, FB: Flexible

bronchoscopy, MRI: Magnetic resonance imaging
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Thirty-four of the patients included in the study had acute
GVHD. Twenty-nine of these 34 patients were treated with
methylprednisolone. Five patients were given multiple treatments
and photophoresis was applied after methylprednisolone. After
transplantation, CMV-DNA elevation was observed in 46 of 154
patients. While antifungal treatment received due to IFl before
transplantation was continued in five patients, 149 patients
were given prophylactic antifungal treatment, 20 of which were
for secondary prophylaxis (Table 2).

In 75 patients, according to EORTC/MSG criteria, 9 patients were
diagnosed with proven IFl, 19 patients with high probability,
and 47 patients with possible IFI (Group 1). No IFl findings
developed in 79 patients and were included in the group that
did not develop IFl (Group 2) (Table 2). In 7 of the 9 patients

in the proven IFl group, the source of infection pathogen was
isolated. The IFI characteristics of these 9 patients (patients'
culture, pathology, CGA positivity, and CT findings and growth
status) are summarized in Table 3.

Of the 75 patients who developed IFl, 26 out of 32 patients
whose infection focus could be determined had IFlI focus in
the lungs, while 5 patients had other organ involvement. Nine
of the patients who developed IFl received targeted therapy,
37 received preemptive therapy, and 29 received empirical
therapy. The most preferred agent in first-line therapy was
liposomal amphotericin-B (L-AmB) 43 (57.3%), followed by
caspofungin with 32%. Voriconazole was not preferred in
empirical therapy. L-AmB and caspofungin were preferred at
approximately the same rates in empirical therapy. Antifungal

Table 2. Fungal infection history and current status of

Table 1. Demographic characteristics of patients

patients with allogeneic HSCT

Patient characteristics ::TST; 1(;/(3)
Age, year
Mean + SD 41.87+14.04
Median (min-max) 44 (18-67)
Male/Female (%) ?5254.%2/40.3]
Diagnoses (%)
Acute myeloid leukemia 58 (37.7)
Acute lymphocytic leukemia 24 (15.6)
Myelodysplastic syndrome 19 (12.3)
Lymphomas 19 (12.3)
Myeloma 14 (9.1)
Aplastic anemia 8 (5.2)
Chronic leukemia 7 (4.5)
Myelofibrosis 5(3.2)
Donor type
Relative 136 (88.3)
HLA compatibility (A, B, DRB1, C and DQ pairs)
10/10 (full)

126 (81.8)
9/10 (good) 18 (117)
5-8/10 (partial match, haploidentical
transplantation) 10 (6.5)
Regime type
Myeloablative 88 (57.1)
Duration of hospitalization (day)
Mean + SD 58.44+29.07
Median (min-max) 47 (25-195)
Acute GVHD 34 (22.1)
CMV response, present 46
Duration of hospitalization (day)
Mean + SD 25.29+17.12
Median (min-max) 20 (5-87)

Disease, CMV: Cytomegalovirus, SD: Standard deviation

SD: Standard deviation, HLA: Human leukocyte antigen, GVHD: Graft Versus Host

All patients n=154 (%)
Those with history of IFI 65 (42.2)
Antifungal prophylaxis status

. N n=154 (%)
Primary prophylactic antifungal use, yes 129 (83.8)
Secondary prophylactic antifungal use, yes 20 (13) '
Those getting active fungal infection therapy 5(3.2)
during allogeneic HSCT
Prophylactic antifungal type n=149 (%)
Fluconazole 88 (59.1)
Posaconazole 44 (29.5)
Voriconazole 17 (11.4)
Fungal infection (according to EORTC/MSG
criteria) n=154 (%)
Proven 99(5(-92) 1

. . 19 (12.
H|gh|y possible 47 (30.5)
Possible 79 (51.3)
Impossible
Those with BGA positivity 26 (16.9)
Those with findings on CT 34 (22.1)
Fungal agent growth in culture, yes 7 (4.5)
Pathological finding 4 (2.6)
Those with invasive fungal infection n=75(%)
Fungal infection type n=75(%)
Pneumonia 26 (34.6)
Others 5(9.4)
Non-focused 42 (56)
Treatment type (initial treatment) n=75 (%)
L-AmB 43 (57.3)
Kaspofungin 24 (32.0)
Voriconazole 8 (10.7)
Those getting dual antifungal treatment 10 (13.3)
HSCT: Hemopoietic stem cell transplantation, IFl: Invasive fungal infection,
EORTC/MSG: European Organization for Research and Treatment of Cancer/
Mycoses Study Group, BGA: Blood galactomannan antigen, CT: Computed
tomography, L-AmB: Liposomal amphotericin-B
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change was required in 30 patients (40%). The reason for
antifungal change in the majority of patients was the lack
of fever response. Of the patients who underwent antifungal
drug change, 8 (26.6%) were exitus. Of the 10 patients who
received dual antifungal therapy, 6 (60%) were exitus. 56
patients (76%) were evaluated as responding to IFl treatment.
18 patients were accepted as exitus due to IFl and related
reasons.

Patients who developed and did not develop IFI were divided
into Group 1 and Group 2, and possible risk factors and mortality
analyses related to IFI development were performed on these
two groups. Possible risk factors for IFl and significance rates for
IFl development are shown in Table 4. IFI was significantly more
common in those who had acute GVHD after transplantation
(p=0.035) and in those who had CMV reactivation (p=0.002).
In addition, the mean neutropenia duration in Group 1 (IFI
development) was 30.89+20.40 (median value: 23.00), while
in Group 2 (no IFl), it was 19.98+11.01 (median value: 17.00)
(p=0.001).

Table 3. Factors and findings in proven IFl patients

Proven Growth in BGA T

IFI culture and its e .
patients | location positivity | finding

Pathology

Bl |
: ooq cu ture. No No No
Candida crusei

Maxillary
2 No SINUS No Yes
Aspergillus
spp.
Nasal tissue :
Nasal biops
3 culture ! 'p y' Yes Yes
Aspergillus flavus | Mucormicosis
Blood culture
4 . No Yes Yes
Trichosporon spp.
DTA
5 . No No Yes
Aspergillus spp.
Maxillary sinus
6 Pseudallescheriae | Yes Yes Yes
boydii
Maksiller
7 sinus
No nu . No Yes
Aspergillus
spp.

Tissue biops
8 13U ,I - yok No Yes
Aspergillus spp.

Blood culture
Candida kefyr

Saccharomyces
cerevisiae

yok yok var

IFI: Invasive fungal infection, BGA: Blood galactomannan antigen, CT: Computed
tomography, DTA: Deep tracheal aspiration

No significant difference was found between the two groups
in terms of disease diagnosis, preparation regimen, donor
compatibility, consanguinity status, previous IFl history and IFl
development.

12% (n=20) of all patients died. While mortality due to IFl was
24% (n=18) in 75 patients with IFl, mortality was 3% (n=2)
in 79 patients without IFI (p=0.001). The mean neutropenia
duration of these 18 patients was 34.78+20.06 (median value:
35.00) days, while the duration of neutropenia in the 134
surviving patients was 23.76+16.20 (median value: 19.00) days
and was found to be statistically significant (p=0.02).

Table 4. Factors affecting IFl development

Group1 (those Group 2 (those
with IFI) without IFI) p-value
n=75 n=79
Presence of acute GVHD
0.035
Yes | 22 12
CMV infection
0.002
Yes ‘ 31 ‘ 15
Duration of Neutropenia (day) Median (min-max) 0.001
(230(6-87)  [17.0(5-71) '
Disease diagnosis
AML 27 31
ALL 13 1
MDS N
Lymphoma M 0.67
MM 4 10
AA 4 4
Chronic leukemia | 4 3
Myelofibrosis 1 4
HLA compatibility (A, B, DRB1, C and DQ pairs)
10/10 (full) 61 65
0.72
9/10 (good) 10
5-8/10 (partial) 4
Donor type
Relative 64 72 0.26
Non-relative 1 7
Preparation regime
Myeloablative 48 40 0.09
Non-
myeloablative 39 27
History of previous IFI
0.44
Var 34 31
IFI: Invasive fungal infection, GVHD: Graft versus host disease,
CMV: Cytomegalovirus, AML: Acute myeloid leukemia, ALL: Acute lymphocytic
leukemia, MDS: Myelodysplastic syndrome, MM: Multiple myeloma, AA: Aplastic
anemia, HLA: Human leucocyte antigen
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The prophylactic antifungal duration of these 18 patients
was 23.00+17.58 (median value: 23.00). The prophylactic
antifungal duration of the surviving 134 of these 152 patients
was 31.07+14.52 (median value: 30.00). This was found to be
statistically significant (p=0.017).

DISCUSSION

In our study evaluating the frequency, treatment and outcome
of IFI developing after allogeneic HSCT, we found that the
presence of acute GVHD, use of high-dose corticosteroids (CS)
for GVHD, CMV infection and prolonged neutropenia were risk
factors for the development of IFl. In addition, the duration of
neutropenia was found to be associated with mortality after
transplantation.

When we examine the distribution of IFl in our study, we
see that the majority of the cases are possible IFl and the
fever group of unknown cause. In many studies, only proven
and high probability patients were accepted for IFl and the
incidence of IFl was seen between 8.8% and 260/%'3.182023.24.25,
When we looked at the proven and high probability group
among IFl patients in our study, the incidence was seen to be
18.2%, similar to other studies.

The gender distribution, mean age and allogeneic HSCT
indication preparation regimens in our study were similar to the
literature522426_ Similar to the literature, the most commonly
used prophylactic antifungal was fluconazole?” and the most
common focus in the group developing IFl was the lungs®*?2.
The most preferred agent in the first-line treatment was
L-AmB. In empirical treatment, L-AmB and caspofungin were
preferred at approximately the same rates. These treatment
options were consistent with the literature?2°31,

In our study, the most frequently isolated agent in patients
with proven IFl was aspergillus. Mold species and non-albicans
candida species were found to be higher. One of the reasons
for this may be the decrease in candida species due to routine
prophylaxis with fluconazole. The non-c.albicans increase in
recent years is also seen in our center®,

In our study, disease diagnosis, HLA compatibility, donor type,
and regimen type were not found to be significant in terms of IFl
development. While disease diagnosis and preparation regimen
type were not found to be significant in terms of IFI development
in studies, there are different results in terms of HLA compatibility
and donor type and IFI development in studies®?32532,

A history of previous IFl was not found to be a significant risk
factor for the development of IFl, which is inconsistent with
the literature®?2%, This may be due to the fact that antifungal
treatments were started with a diagnosis of fever of unknown
cause and possible IFls were included in the study.

In an observational study conducted by Shi et al., which
examined 408 patients who underwent allogeneic HSCT, a
history of IFl, HLA incompatibility, prolonged neutropenia
duration, and grade 3 and 4 acute GVHD development were
found to be associated with the development of IFl. In another
study including 1248 patients who underwent allogeneic HSCT,
proven and highly probable IFl developed in 163 patients, and
HLA incompatibility, duration of neutropenia, and development
of GVHD were found to be risk factors for IFI'®. In a multicenter
study conducted in China, independent risk factors for
proven/probable IFl in patients undergoing allogeneic HSCT
were identified as diabetes, HLA-matched unrelated donor,
prolonged neutropenia, and
therapy?. In our study, similar to the literature, the presence of
acute GVHD, use of high-dose CS for GVHD, and CMV infection
were found to be significant risk factors for the development of

severe immunosuppressive

[F6:1011.2023242833 |n gddition, prolonged neutropenia was found
to be the most important risk factor for the development of IFl
in all patient groups.

In our study, it was found that IFl significantly increased
transplantation treatment mortality (24% in the IFl group, 2%
in the non-IFl group). In the literature, mortality rates related
to IFl vary among studies. In a multicenter observational
study conducted in China and evaluating 1401 patients who
underwent allogeneic HSCT, the mortality rate in patients who
developed IFI, similar to our study, was found to be 25%?24. In
many studies, mortality rates ranged from 40% to 90%?* 2. It
was thought that this difference was due to the longer follow-
up period in studies with higher mortality rates.

Study Limitations

The limitations of our study were evaluated as its being
retrospective, single-centered, the fact that patients were
followed up only during hospitalization, and the low number
of proven IFls due to the lack of further examination due to
the clinical response obtained after the initiation of empirical
antifungal treatment.

CONCLUSION

In our study, the presence of acute GVHD, CMV infection and
long duration of neutropenia were found to be risk factors for
the development of IFl. In addition, the duration of neutropenia
was found to be associated with mortality after allogeneic
HSCT. In the prevention and treatment of IFls, which seriously
increase transplantation mortality, it would be appropriate for
each center to evaluate the frequency of IFls, take infection
control measures, antifungal prophylaxis and identify patients
at high risk of IFIs and decide which treatment strategy is more
beneficial.
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