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Use of Dapsone in Chronic/Refractory Immune
Thrombocytopenic Patients: A Single Center Experience

Omer CANDAR! , Vildan OZKOCAMAN' , Tuba ERSAL! , Tugce ZOR TURNA? N
{brahim Ethem PINAR! , Cumali YALCIN! , Bedrettin ORHAN! , Sinem CUBUKCU! R
Tuba GULLU KOCA! ™ , Ridvan ALI' ' , Fahir OZKALEMKAS!

'Uludag University Faculty of Medicine, Internal Diseases Department, Hematology Division, Bursa, Turkey
*Uludag University Faculty of Medicine, Internal Diseases Department, Bursa, Turkey

ABSTRACT
Background Dapsone is a second-line therapy for immune thrombocytopenia (ITP). It is cost-effective,
with a response rate comparable to other drugs used as second-line therapy, such as azathioprine, danazol,
cyclophosphamide, cyclosporine, vincristine, rituximab, and eltrombopag.
Material and Methods This retrospective study analysed ten adult patients who presented to our hematology
division outpatient clinic between March 2013 and July 2021, was diagnosed with chronic/refractory ITP, did
not respond to first-line therapy, and used dapsone.
Results Eight (80%) patients were female, and 2 (20%) were male. The median age was 50 (range, 24-64)
years. The mean pre-treatment platelet value was 12.8x10°/L (range: 4-22.1x109/L). The median duration
of symptoms before dapsone treatment was 60 (6-360) months. The median number of treatments received
before dapsone was 4 (range: 3-6). All patients were routinely treated with oral dapsone 50 mg for two weeks,
followed by 100 mg. The median time to treatment response was 39 (range: 14-90) days. The response rate
was 60% (complete response 40%, partial response 20%). Asymptomatic anaemia was observed as a side
effect in only one patient.
Conclusions Based on these results, it can be speculated that dapsone is an effective, inexpensive, and well-
tolerated treatment option. Considering the economic status of developing countries, it seems very attractive
to use dapsone as the second-line therapy for chronic/refractory ITP. To the best of our knowledge, this is the
first study in Turkey on the use of dapsone for chronic/refractory ITP.
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INTRODUCTION

Immune thrombocytopenia (ITP) is an autoimmune
disease characterised by low platelet count and
mucocutaneous bleeding. Patients diagnosed with
ITP are classified into three categories: acute ITP (<3
months), persistent ITP (3-12 months), and chronic ITP
(>12 months)." Life-threatening bleeding is rare in ITP
(0.16%-0.38% in adult patients) and is mostly observed in
elderly patients. Steroids are the main drug used in first-
line therapy. Seventy per cent of adult patients respond
to steroid therapy, of whom 50% showed sustained
response after treatment discontinuation.? The other half
of the patients either do not respond to steroids or become
steroid dependent. Treatment options for these patients
include pulse dexamethasone, azathioprine, cyclosporine,
danazol, or vincristine, with response rates ranging from
10% to 30%, and splenectomy, to which approximately
70% of the patients respond.> New treatment options
such as rituximab or thrombopoietin receptor agonists
(TPO-RA) are promising in patients with contraindicated
splenectomy.® The high cost of these drugs and their side
effects, such as thrombosis and bone marrow reticulin
fibrosis, should be considered in the long-term use of
TPO-RA.* Dapsone (4,4-Diaminodiphenyl sulfone) is an
antibiotic from the group of sulfones as well as a folate
antagonist with anti-inflammatory and anti-parasitic
effects. It is also used for the treatment of leprosy. Since
it is both inexpensive and well tolerated, it is a good
option for second-line therapy.

A response rate of 62% was achieved in 21 steroid-de-
pendent patients reported to be using dapsone for the first
time in ITP.> A response rate of 50% was also reported in
a case series of 66 patients.® Similar rates were found in
another reported publication.” The mechanism of action
of dapsone in ITP is not fully understood. One possi-
ble mechanism is the induction of hemolysis due to the
conversion of dapsone to hydroxylamine, which leads to
erythrophagocytosis in the reticuloendothelial system.
Thus, sequestration and destruction of platelets are pre-
vented. Another hypothesis is that dapsone is an immu-
nomodulatory drug.® Methemoglobinemia and hemoly-
sis are the most common side effects of dapsone therapy.
Other rarer side effects may include peripheral neurop-
athy, agranulocytosis secondary to bone marrow sup-
pression, hepatitis, dermatitis, and psychosis. Response
to dapsone is slow, sustained, and on treatment, relapses
are rare. Because of the slow response to treatment, pa-
tients should be treated for at least three months. There
is no consensus on when to discontinue dapsone therapy.

Most patients develop relapse after the discontinuation of
dapsone. The present study retrospectively evaluated our
patients on dapsone, considering that it may be an option
in chronic/refractory ITP due to its acceptable response
rates, side effect profile, and cost advantage.

MATERIAL AND METHODS

The study included ten patients who were followed
up in the Adult Hematology Outpatient Clinic of Bursa
Uludag University Faculty of Medicine Hospital,
diagnosed with chronic/refractory ITP between March
2013 and July 2021, and used dapsone as second-line
therapy. The data of patients were obtained from the
hospital information system and patient files. Patients
under the age of 18 and patients with acute ITP were
not included in the study. Haemoglobin and platelet
levels at diagnosis, age at diagnosis, number of lines
of treatment received before dapsone, duration of
dapsone therapy, treatment responses, and treatment
complications of all patients were evaluated. All
patients were initiated on oral dapsone 50 mg/day for
two weeks. The dose was increased to 100 mg after that.
Conditions such as human immunodeficiency virus
(HIV), hepatitis C virus (HCV), H. pylori, systemic
lupus erythematosus (SLE), and lymphoma that may
cause secondary thrombocytopenia were tested and
excluded. Bone marrow biopsy was performed in
patients with an indication.” A platelet count >30,000/
uL or twice the baseline and no signs of bleeding were
defined as the response. A platelet count greater than
100x10°/L was considered a complete response.'” The
study was approved by Bursa Uludag University’s
local ethics committee.

RESULTS

Ten patients receiving dapsone were previously
treated with at least three lines of treatment (steroid,
intravenous immunoglobulin, splenectomy, danazol,
rituximab, etc.). Splenectomy was the most common
treatment in the second line (40%) (Figure 1). The data
of 10 patients and their response to dapsone therapy
are shown in Table 1. All patients were initiated on
steroid therapy as the first-line treatment. Intravenous
immunoglobulin was administered to 8 patients
who had bleeding or an emergency such as surgery
(80%). Although there are treatment options such
as cyclosporine, cyclophosphamide, and vincristine
for the second-line treatment, these agents were not
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M Splenectomy
B Eltrombopag
M Danazol

® Rituximab

W Azathioprine

Figure 1. Treatments of choice as second-line treatment in patients with chronic/refractory I'TP.

administered to the patients. Despite the absence of
any side effects, dapsone therapy of one patient was
discontinued in a short period of 1.5 months since
their platelet count did not increase. Response status
could not be evaluated in another patient due to loss of
follow-up during dapsone therapy.

Of the patients, eight were female (80%), and two
were male (20%). The median age was 50 (range: 24-
64) years. The pre-treatment mean haemoglobin and
platelet values were 12.6 g/dL (range: 9.1-16.4) and
12.8x10°/L (range: 4-22.1), respectively. The median
duration of symptoms before dapsone was 60 (range:
6-360) months. The median follow-up period of the

patients was 6 (range: 2-29) months (Table 2). The
initial admission complaint was bleeding findings
(nasal, gingival, and subcutaneous). Severe bleeding
findings such as intracranial haemorrhage were not
observed in any patients. Asymptomatic anaemia was
observed in only 1 (10%) female patient as a side effect
during dapsone therapy (from 12.3 g/dL to 8.8 g/dL).
This side effect was noted during the routine tests
performed during the second week of the treatment.
Seven of the ten patients diagnosed with chronic
ITP underwent bone marrow biopsy. Their pathology
reports revealed that six patients had increased
megakaryocyte count, while one had decreased

Table 1. Patients' data and response to dapsone therapy.

Patient number 1 2
Age/gender 39/M  55/F
Disease duration before dapsone (months) 12 360
Previous treatments

Steroid + +
Immunoglobulin + +
Splenectomy + +
Danazol + -
Azathioprine + -
Cyclosporine - -
Cyclophosphamide - -
Vincristine - -
Rituximab + -
TPO-RA + +
Pre-dapsone platelet count (x10°%/L) 103 5.15
Duration of treatment (months) 6 3
Response? Yes No

Complete response® Yes No

3 4 5 6 7 8 9 10
24/F 30/F 50/M 31/F 64/F 60/F 57/F 48/F
168 180 NA 6 60 8 24 84
+ + + + + + + +
+ + - + - + + +
+ + + + + + - +
+ - + + + + - -

- + + - - - - -
+ + + - - - - +
+ + - - - - + +
13.5 13 NA 221 154 4 17 15.4
17 1.5 NA 6 NA 25 3 24
Yes No No Yes NA Yes Yes Yes
Yes No No Yes NA No No Yes

a platelet count >30x10°/L as response; b platelet count >100x10°/L as complete response.

TPO-RA: thrombopoietin receptor agonist; NA: not available.
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Table 2. Characteristics of ten patients on

dapsone.

Median age (years) 50 (24-64)
Gender (M/F) 2/8
Hemoglobin (g/dL) 12.6 (9.1-16.4)
Platelet count (10°/L) 12.8 (4-22.1)
Median duration of symptoms before 60 (6-360)
dapsone (months)

Median follow-up (months) 6 (2-29)

megakaryocyte count. The median time to respond
to dapsone therapy was 39 (range: 14-90) days, and
the median duration of treatment was 6 (range: 3-25)
months. While six patients responded to dapsone
therapy, 4 had a complete response (>10 x109/L). Four
of the six patients who had a response developed a
relapse in the first six months after discontinuing
dapsone therapy, and one patient developed a relapse at
12 months. One patient is currently on dapsone therapy
(>25 months). The median duration of response was
3.5 (range: 1-12) months after discontinuing dapsone
therapy. Only one patient had a remission period of
more than six months after treatment discontinuation
(Table 3).

Patient number one was reinitiated on dapsone
therapy after relapse. A response was regained with
this treatment. The patient, who received dapsone
therapy for seven months as the initial treatment and
remained in remission for 12 months after treatment
discontinuation, was given treatment for the second

==@==platelet count

250000

Table 3. Results of dapsone therapy.

Complete response n (%) 4 (40%)
Response n (%) 6 (60%)
Non-response n (%) 3 (30%)
Not evaluated n (%) 1 (10%)
Relapse n (%) 5 (83.3%)
Time to response (days) 39 (14-90)
Treatment duration (months) 6 (3-25)
Response time after discontinuation of 3.5(1-12)
dapsone therapy (months)

Number of patients with sustained response at 1 (10%)

6 months after discontinuation of dapsone

time for 12 months. While the response was
maintained during the follow-up of the patient whose
treatment was discontinued, the patient developed
a soft tissue infection in the surgical site associated
with aseptic necrosis of the femoral head and died
after two days of follow-up at intensive care due to
septic shock secondary to this infection. The patient’s
dapsone therapy dose, duration, and response are
shown in Figure 2.

DISCUSSION

The response to dapsone therapy is usually slow.
Administering treatment for at least three months
is recommended to see the treatment response. Two
patients (20%) responded on day 14 and the others
on days 39, 45, 70, and 90, respectively. The median
response time was 39 (14-90) days. The study by

=@=dapsone dose (mg)
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Figure 1. Relationship of a platelet count of patient number one with dapsone dose and duration.
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analyses were conducted with a few patients (Table
4). Table 4 shows that the dapsone dose was generally
100 mg orally in those studies, as in our study. A
notable detail in this table is that Godeau ef al.® used
dapsone and danazol combination therapy in some
non-responders. In the study of Rattanathammethee
et al’, dapsone was administered with colchicine
therapy to patients with chronic/refractory ITP. In the
present study, we did not administer a combination
therapy to any patient. Moreover, as is seen in this
table, a platelet count >50,000/uL was considered a
response to dapsone therapy. We, however, considered
a platelet count >30,000/uL as a response to dapsone.

CONCLUSIONS

In conclusion, using dapsone as second-line
therapy is appealing for several reasons. Among these
are its cost-effectiveness and comparable efficacy with
other drugs used as second-line treatment options,
such as azathioprine, cyclosporine, vinca alkaloids,
mycophenolate mofetil, cyclophosphamide, danazol,
rituximab, and eltrombopag. Dapsone has a good
safety profile and rarely requires discontinuation due
to side effects. Discontinuation of dapsone therapy, as
with the TPO agonist eltrombopag, leads to relapse
in many patients. Although the TPO agonist has a
high response rate, its higher cost is a disadvantage.
In contrast, the cost of treatment with dapsone is
considerably low. Considering the economic status of
developing countries, it seems very attractive to be
used as second-line therapy for ITP. As an oral agent,
dapsone provides an option in cases of ITP with no
response after steroid and splenectomy. Considering
its tolerability, it should be considered for refractory
ITP patients.
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What is the main reason of erectile dysfunction in lymphoma
patients: Chemotherapy or Depression?
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ABSTRACT
Background Erectile dysfunction (ED) may be associated with chemotherapy and depression in lymphoma
patients. Therole of depression in developing ED in lymphoma patients may be more critical than chemotherapy.
This study aimed to determine which plays a more important role in ED.
Material and Methods This study included 20 patients aged under 60 years who were admitted to the
Hematology Outpatient Clinic between March 2015 and March 2016 and diagnosed with lymphoma. While
the Beck Depression Inventory (BDI) was used to assess depression severity before (T1), during (T2) and after
(T3) chemotherapy, the International Index of Erectile Function (IIEF) was used to assess sexual function.
The Mann-Whitney U and Wilcoxon signed-rank tests were used for statistical analysis. A p-value of <0.05
was considered statistically significant.
Results Twenty male lymphoma patients (14 [70%] patients with non-Hodgkin lymphoma and 6 [30%] patients
with Hodgkin lymphoma) were included in the study. The mean BDI score was 11.75+1.44 at T1, 6.60+3.61
at T2, and 3.254+2.12 at T3, respectively (p<0.01). The mean ITEF score was 15.25+6.12 at T1, 12.95+6.03 at
T2, and 20.40+8.59 at T3, respectively (p<0.01). There was a significant decrease in the mean BDI and IIEF
scores between T1 and T2. However, the mean BDI score decreased between T2 and T3, while the mean IIEF
score tended to increase.
Conclusions It 1s impossible to suggest a single cause when considering the multifactorial aetiology of ED
in lymphoma patients. However, our study showed that depression and related psychological factors are the
leading cause of ED in lymphoma patients.
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INTRODUCTION

Erectile dysfunction (ED) is the persistent and/or re-
current inability to achieve and/or maintain an erection
sufficient for satisfactory sexual activity.! Akkus et al.’
reported that the prevalence of ED was 69.2% in 1,982
male individuals from Turkey (mild 33.2%, moderate
27.5%, severe 8.5%). They found that its prevalence was
7.6% in men aged 40-49 years, 33.3% in men aged 50-59
years, 70.2% in men aged 60-69 years, and 90.1% in men
aged 70 years and older.”

ED is divided into organic and psychogenic impo-
tence and usually has a multifactorial aetiology. While
the prevalence of psychogenic ED is approximately 10%
in men over 50 years, 45% of all patients with ED have
psychogenic problems.® Psychogenic causes may in-
clude emotional problems (such as depression, anxiety,
previous sexual traumatic experiences, low self-esteem,
doubts in the sexual role), physical disabilities or loss
of physical attraction to one’s sexual partner, as well
as socioeconomic factors (such as familial discordance
or cultural differences, sexual myths or work-related
stress).>* The lifetime prevalence of major depression in
the general population has been reported as 4.8-17.1%.°
It is difficult to identify and distinguish the relationship
between ED and depression. It is not clear whether de-
pression leads to ED or vice versa. A Finnish study in-
volving 1683 patients aged 50-70 years who were treated
for depression and not treated found a strong relationship
between depression and ED.*

Combining adriamycin, bleomycin, vinblastine, and
dacarbazine (ABVD) is the most commonly used che-
motherapy regime for Hodgkin lymphoma (HL). Neu-
tropenia is the most common complication after the
ABVD chemotherapy regimen.” Rituximab plus cyclo-
phosphamide, doxorubicin, vincristine, and prednisone
(R-CHOP) or rituximab plus cyclophosphamide, vincris-
tine, and prednisone (R-CVP) chemotherapy regimens
are first-line treatment for non-Hodgkin lymphoma
(NHL). Complications of peripheral neuropathy/pares-
thesia occur in patients treated with vincristine.®

Drug-induced ED is very common. Several studies
have reported its average incidence as 25%.° Chemother-
apeutic drugs may cause a loss of sexual desire and a
decline in the frequency of sexual intercourse.”” Systemic
side effects (such as fatigue, nausea, vomiting, taste and
smell changes, diarrhoea, constipation, weight changes,
insomnia, fear, anxiety, and stomatitis) after chemother-
apy can lead to an individual to feel like asexual. Erectile
dysfunction occurs predominantly in patients receiving

chemotherapeutic agents (especially cyclophosphamide,
chlorambucil, bleomycin and cisplatin).! This study
aimed to determine which factor plays a more important
role in ED in young lymphoma patients under 60 years.

MATERIAL AND METHODS
Study design and population

This study included 20 patients aged 25-60 ad-
mitted to the Haematology Outpatient Clinic of Dr
Liitfi Kirdar Kartal Training and Research Hospital
between March 2015 and March 2016 and diagnosed
with lymphoma. ED was evaluated cross-section-
ally. All patients enrolled in the study were married
or had a regular sexual life, were at least primary
school graduates, and could read and understand the
survey questions. In addition, patients who had previ-
ously been diagnosed with ED had diseases leading
to ED and had depression previously were excluded
from the study. While the Beck Depression Inventory
(BDI) was used to assess depression severity before
(T1), during (T2) and after (T3) chemotherapy, the
International Index of Erectile Function (IIEF) was
used to assess sexual function. ED was evaluated by
ITEF scores: 0-10 (severe), 11-16 (moderate), 17-21
(mild-to-moderate), 22-25 (mild) and 26-30 (none).
Patients whose lymphomas did not improve or prog-
ress at T2 were excluded from the study. A physician
recorded the answers during face-to-face interviews.
A haematologist performed the medical follow-up of
patients, and their information was recorded in the
study file.

Statistical analysis

Statistical analysis was performed with the Num-
ber Cruncher Statistical System (NCSS) 2007 statisti-
cal software program (NCSS, LLC, Kaysville, Utah,
USA). Descriptive statistics (mean, standard devia-
tion, median, frequency, rate) were used to summarize
the data. When analyzing non-normally distributed
variables, the Mann-Whitney U test was used for in-
tergroup comparisons, whereas the Wilcoxon signed-
rank test was used for intragroup comparisons. A p
- value < 0.05 was considered statistically significant.

RESULTS

Twenty male lymphoma patients (14 [70%] pa-
tients with NHL and 6 [30%)] patients with HL) were
included in the study. The mean age was 46.90 +
10.56 years. The number of patients aged under 50
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Table 1. Sociodemographic and clinical data of patients.

Mean + SD/median (min:max)

Mean age (years)
Disease duration (years)
Smoking duration (years)
Age groups (< 50/> 50 years) n (%)
Marital status (married) n (%)
Smoking (no/yes) n (%)
Alcohol consumption n (%)
Occupation n (%)
Officer
Worker
Self-employed
Education n (%)
Primary school
Secondary school
High school
University
Additional disease n (%)
Drug intake n (%)
Non-Hodgkin/Hodgkin lymphoma n (%)
Stage 1-2/Stage 3-4 n (%)

46.90 + 10.56/50.5 (26-59)
1.60 + 3.10/0 (0-10)
26.00 + 16.43/25 (0-60)
10 (50)/10 (50)

20 (100)

3 (15)/17 (85)

20 (100)

3(15)
12 (60)
5(25)

10 (50)
3(15)
6 (30)
1(5)
6 (30)
6 (30)
14 (70)/6 (30)
9 (45)/11 (55)

years was 10 (50%). NHL groups included eight dif-
fuse large B-cell lymphomas, two T-cell-rich B-cell
lymphomas, one mantle-cell lymphoma, one follicu-
lar lymphoma, one primary mediastinal large B-cell
lymphoma, and one marginal zone lymphoma, re-
spectively. ABVD chemotherapy regimens had been
received with HL patients. R-CHOP, R-CVP, dose-ad-
justed EPOCH-R (etoposide, prednisone, vincristine,
cyclophosphamide, doxorubicin, and rituximab) che-
motherapy regimens had received with NHL patients.

Beck Depression Inventory
15
a
o
@ 10
a
1]
c 5
]
Q
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Figure 1. Evaluation of BDI scores according to follow-ups.

The median number of chemotherapy cycles was 6
(range: 4-6) for HL groups and 6 (range: 2-8) for NHL
groups. While 10 (50%) patients graduated from pri-
mary school, only 1 (5%) graduated from university.
All the patients were married-smoking at diagnosis
(85%). Abdominal bulky lesions and testicular mass
were not observed in the pre-treatment evaluation.
Grade 3 neutropenia was seen in 1 patient with HL
groups. Vincristine was discontinued in 1 patient with
peripheral neuropathy in NHL groups. Of them, 9

|IEF Scale
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Figure 2. Evaluation of IIEF scores according to follow-ups.
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(45%) had early-stage cancer (Stage 1-2), and 11 (55%)
had advanced-stage cancer (Stage 3-4) (Table 1).

Comorbidities were three patients with essential
hypertension, two patients with diabetes mellitus,
and one patient with asthma. Only one of the patients
with hypertension used a selective beta-1-blocker
(atenolol). Patients with diabetes mellitus were used
metformin. Age, diabetes mellitus, hypertension,
smoking history, and disease stage distribution were
similar in both groups.

The mean BDI score was 11.75 + 1.44 at T1, 6.60
+ 3.61 at T2, and 3.25 + 2.12 at T3, respectively (p
< 0.01). The mean BDI score significantly decreased
from TI to T2 (p = 0.001; p < 0.01) and from T2 to
T3 (p = 0.001; p < 0.01) (Figure 1). The mean IIEF
score was 15.25 + 6.12 at T1, 12.95 + 6.03 at T2, and
20.40 + 8.59 at T3, respectively (p < 0.01). The mean
ITIEF score significantly decreased from T1 to T2 (p
=0.009; p < 0.01). However, the mean IIEF score sig-
nificantly increased from T1 to T3 (p = 0.002; p <
0.01) and from T2 to T3 (p = 0.001; p < 0.01) (Figure
2).
ITEF measurements at T1 (p = 0.191), T2 (p = 0.256)
and T3 (p = 0.161) did not show statistically significant
differences according to age groups. In cases under
50, the mean decrease of 2.20 + 3.26 in IIEF measure-
ments from T1 to T2 was statistically significant (p =
0.042; p < 0.05). The mean increase of 5.20 = 4.02 in
ITIEF measurements from T1 to T3 was statistically
significant (p = 0.009; p < 0.01). The mean increase
of 740 + 5.46 in IIEF measurements from T2 to T3
was found to be statistically significant (p =0.007; p <
0.01) (Table 2). In cases over 50 years of age, the mean
decrease of 2.40 + 4.09 in IIEF measurements from
TI to T2 was not found to be statistically significant
(p=0.068; p> 0.05). The mean increase of 5.10 + 6.77
in IIEF measurements from T1 to T3 was statistically

significant at borderline (p = 0.050; p < 0.05). The
mean increase of 7.50 + 8.24 in IIEF measurements
from T2 to T3 was found to be statistically significant
(p =0.022; p < 0.05) (Table 2).

DISCUSSION

Although ED is not life-threatening, it negatively af-
fects the quality of life. The survival of HL and NHL
is significantly prolonged by current treatments.'>!
Mental disorders such as anxiety and depression
caused by lymphoma and chemotherapy are frequent-
ly seen in lymphoma patients, similar to all cancer
patients." Kornblith et al."” reported that male patients
with HL had more frequent and longer-lasting sexu-
al problems than leukaemia patients of similar age.
However, it should be noted that approximately half
of the patients in this study received radiotherapy and
that radiotherapy was one of the reasons. In our study,
patients were newly diagnosed and did not receive ra-
diotherapy since it is less frequently indicated in cur-
rent treatment guidelines.

Predictably, lymphoma patients have increased
rates of psychological problems (especially depres-
sion).'>!¢ It is usual to experience anxiety in this peri-
od when negative emotions such as stressful thoughts
of everyday life and fear of death are predominant.
Our study found that patients had higher depression
scores at the first assessment. There was a significant
decrease in depression scores at the mid-term eval-
uation (usually after 3 or 4 cycles of chemotherapy)
in patients receiving treatment. This can be explained
by the fact that 17 of 20 patients in our study were
informed that lymphoma responds well to treatment
and is likely to improve. It was observed that depres-
sion scores continued to decrease during follow-up
and reached their lowest value at the end of the treat-

Table 2. Evaluation of IIEF measurements according to age groups.

Age <50 (n: 10) Age >50 (n: 10) P value
Mean + SD (median) Mean + SD (median)

T1 IIEF 16.80 = 6.94 (19.5) 13.70 £5.05 (15.5) 0.197*
T2 IIEF 14.60 + 6.20 (15.0) 11.30£5.68 (11.0) 0.256*
T3 IIEF 22.00 +£9.26 (26.0) 18.80 = 8.02 (21.0) 0.161*
Pairwise comparisons Difference mean + SD P value Difference mean + SD
T1-T2 2.20+3.26 0.042*® 2.40 =4.09 0.068°
T1-T3 -5.20 £ 4.02 0.009%*> -5.10+6.77 0.050*>
T2-T3 -7.40 £ 5.46 0.007%*> -7.50 + 8.24 0.022%*b

IIEF T1: before chemotherapy, T2: during chemotherapy, T3: after chemotherapy.
aMann-Whitney U test, ® Wilcoxon signed-rank test (adjustment for Bonferroni).
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ment. The fact that psychological fear and anxiety ex-
perienced by patients at the time of initial diagnosis
significantly decreased and partially disappeared is
mainly responsible for this. Previous studies demon-
strated that psychological problems improved during
long-term follow-up after treatment and that chronic
fatigue and aesthetic concerns/social issues related to
physical changes continued.”'® No such evaluation
was performed in our study. Long-term follow-up was
not planned because our study was a cross-sectional
study.

Alkylating drugs are known to cause germ cell
damage with the dose increase. Cyclophosphamide
(total dose > 6-10 g), chlorambucil, procarbazine, bu-
sulfan, nitrogen mustard, and nitrosoureas have been
shown to cause azoospermia. Testicular atrophy oc-
curs in 80% of HL patients receiving the MOPP (ni-
trogen mustard, vincristine, procarbazine, and pred-
nisone) treatment regimen. Reversible azoospermia
was reported in 35% of HL patients receiving the
ABVD treatment regimen."”

Considering the pathogenesis and aetiology of ED,
the frequency of ED is expected to increase over time
because the negative effects of the disease and treat-
ment would occur over time. The leading causes are
the accumulation of chemotherapeutic drugs (such as
anthracycline and bleomycin) in the body over time,
increased side effects, and treatment-related fatigue
and strength loss. In our study, ED scores decreased at
the mid-term assessment (indicating that the frequen-
cy and severity of ED were increased). This increase
was in contrast with the improvement in depression.
However, depression scores continued to decrease af-
ter the mid-term assessment, while ED scores tended
to increase (indicating that the frequency and sever-
ity of ED decreased). This decrease was found to be
higher than expected. Our results showed that ED
seen during treatment often have a psychological ori-
gin and are not organic. Long-term follow-up studies
revealed that sexual disorders (particularly chronic
fatigue) increased over time.'*"'®

Depression decreases significantly during treat-
ment in lymphoma patients, whereas ED shows a
slight increase in the early stage of treatment. How-
ever, depression decreased after the mid-term assess-
ment while ED improved. The most important rea-
son for this is that patients were informed about the
improvement in lymphoma at the mid-term evalua-
tion, and the psychological effects of this situation ap-
peared immediately. It is known that there are organic

and psychogenic causes in the aetiology of ED and
that psychogenic ED may occur acutely and improve
in a short time.?

The frequency of ED increases with age. This is
explained by decreased testosterone levels, increased
frequency of chronic diseases, and atherosclerosis.*!
Because our patients were generally concentrated
within a certain age range, a statistical analysis was
performed as under and over 50. As a result, it was
observed that the age range did not reveal a significant
difference for both depression and ED.

CONCLUSIONS

Maintaining the quality of life during treatment in
male lymphoma patients is very important. Sexual
life is considerable, especially in young patients and
is one of the main factors determining the quality of
life. Therefore, it is necessary to provide support and
treatment for these patients to have a healthy sex life
during the treatment period. Erectile function is essen-
tial for a healthy sexual life. The correct identification
of ED causes is the basis of the treatment in these pa-
tients. It is impossible to suggest a single cause when
considering the multifactorial aetiology of ED in
lymphoma patients. However, our study showed that
depression and related psychological factors are the
leading cause of ED in lymphoma patients. Organic
causes are often put forward in the long-term follow.
These patients should be closely monitored psycho-
logically during treatment and evaluated in detail for
anxiety and depression. Starting pharmacological or
psychological treatment based on this evaluation and
maintaining the chemotherapy process with this sup-
port would significantly improve quality of life.
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ABSTRACT
Background Hearing and the auditory pathway are affected in Fabry diseases (FD). There is limited data on
hearing and auditory pathways in this population. Therefore, we aimed to investigate auditory functions and
auditory pathways using auditory brainstem responses (ABR), otoacoustic distortion emission (DPOAE),
pure tone audiometry (PTA), and tympanometry in patients with FD and to compare these results with those
of healthy individuals.
Material and Methods This study included 16 patients with FD (F/M: 8/8, age: 33.5 + 15.4 years) and 16
healthy controls (F/M: 5/11, age: 33.6 &+ 6.3 years). Hearing functions and auditory pathways were assessed
with ABR, DPOAE, PTA, and tympanometry.
Results According to the results of PTA, conductive hearing loss was detected in 4 (25%) of the patients with
FD. When the 500-4,000 Hz frequencies were assessed, the bone pathway hearing threshold in both ears was
significantly higher in the patients with FD than in the control group (p = 0.014 andp = 0.014, respectively).
When we compared the DPOAE measurements of the patients with FD and the control groups, the dB value
measured at 2.8 kHz was significantly lower in the patient group than in the control group (p = 0.018). When
we compared the ABR measurements, the right ear’s 3-5 interpeak latency at 60 dB was significantly lower
in the patient with FD than in the control group (1.8 = 0.3 ms vs 2 = 0.2 ms, p = 0.033).
Conclusions We found that the hearing loss rate and hearing threshold were statistically significantly higher
in FD patients than in the control group. Hearing screening should be systematically performed in these
patients.
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INTRODUCTION

The most common diseases among lysosomal storage
diseases are Gaucher and Fabry diseases. The disease
results from the deposition of globotriaosylceramide
(Gb3) in various tissues due to insufficiency of the en-
zyme a-galactosidase A. Numerous signs of the disease
may occur due to the deposition of Gb-3 in autonom-
ic and spinal ganglia, renal tubulointerstitial cells and,
renal glomerular, vascular smooth muscle cells, cardiac
myocytes, vascular and lymphatic endothelial cells in
the cornea.! Early clinical manifestations of the disease
include hypohidrosis, gastrointestinal symptoms (GIS),
angiokeratomas, distal joint pain, and tinnitus. The most
important predictor of the likelihood of developing Fab-
ry-related complications is enzyme activity.? However,
even if distinctive signs and symptoms occur, there is
a significant delay in diagnosis up to 20 years from the
onset of symptoms. This is probably due to a lack of
awareness and the wide range of clinical manifestations,
especially in women.** Therefore, recognizing the signs
and symptoms of Fabry disease (FD) is closely associat-
ed with disease awareness among paediatricians, pediat-
ric metabolic specialists, pediatric geneticists, cardiolo-
gists, neurologists, dermatologists, nephrologists, trained
pathologists, and ophthalmologists. In particular, after
diagnosis, it is possible to change the disease’s natural
course and progression and improve patients’ quality of
life through treatment.>® Nowadays, there is no curative
treatment for FD. Recombinant a-Gal A and migalastat
are treatment options for suitable patients.’

Patients with FD experience progressive hearing
problems. These hearing problems, especially hearing
loss, may develop gradually or occur suddenly. Symp-
tomatic hearing loss happens in %18-55 of patients with
FD, but sudden hearing loss occurs in %6-36 and tinni-
tus in %17-53 of patients. Typically, it is observed more
frequently and to a greater extent in male FD patients.
Recent studies have shown that the developing hearing
loss in these patients is predominantly sensorineural.®
However, this population has limited data on hearing and
auditory pathways. Therefore, we aimed to investigate
auditory functions and auditory pathways using audi-
tory brainstem responses (ABR), pure tone audiometry
(PTA), otoacoustic distortion emission (DPOAE), and
tympanometry in patients with FD and to compare these
results with those of healthy individuals.

MATERIAL AND METHODS

The protocol of the study was approved by the
Medical Ethics Committee of Necmettin Erbakan
University (NEU) (Faculty of Medicine, Konya, Tur-
key). The patients and healthy volunteers signed the
written informed consent. This study included 16
patients with FD (F/M: 8/8, age: 33.5 £ 15.4 years)
and 16 healthy controls (F/M: 5/11, age: 33.6 + 6.3
years). In addition, we categorised patients according
to whether they received treatment. Patient’s medical
records (information on patients’ age, medications
taken, duration and course of disease, and otologic
history) were reviewed. Inclusion criteria were 1) 18-
70 years of age, 2) decreased (< 2.5 nmol/mL/hour )
a-gal-A activity in dried blood spots (DBS) in male
patients, and 3) presence of GLA gene mutation asso-
ciated with FD in female patients.

The screening of FD was performed by assessing
a-gal-A activity < 2.5 nmol/mL/hour in DBS and was
confirmed by GLA gene mutation analysis. The crite-
ria for the diagnosis of FD were a-gal-A activity < 2.5
nmol/mL/hour in male patients and a genetic mutation
associated with FD in female patients. The screening
of FD was performed by assessing a-Gal A activity in
dried blood spots (DBS) and was confirmed by GLA
gene mutation analysis. GLA gene was sequenced
using the MiSeq next-generation sequencing (NGS)
platform, an FDA-approved diagnostic system (Illu-
mina, San Diego, CA, USA). Plasma lyso-Gb3 levels
were measured via tandem mass spectrometry method
from DBS before ERT at the beginning and end of the
study. Diagnostic procedures have been rearranged
by adding them to the material method section.

A complete oto-rhino-larygologic examination
was performed on all participants. Otologic history
was obtained from all patients, including inherited
deafness, otologic symptoms, otologic trauma or sur-
gery, use of ototoxic agents, and noise exposure. All
patients underwent otoscopy. None of the patients was
found to have comorbidities related to otolaryngolo-
gy in their history or on examination. Our patients
had no middle ear problem, and no issues were found
in the external auditory meatus and inner ears in the
otolaryngologic test. In addition, otolaryngologic an-
amnesis and history showed no abnormality in their
ears. Hearing functions and auditory pathways were
assessed with ABR (Eclipse Interacoustics), DPOAE
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(Otodynamics Echoport ILO 288 USB), PTA (Inter-
acoustics AC33 Audiometer), and tympanometry (In-
teracoustics AT235). Tympanograms of all patients
were also found to be Type A-Normal.

Air conduction and bone conduction hearing
thresholds were calculated for each ear using a 5-dB
stepwise method at 250, 500, 1000, 2000, 4000, and
8000 kHz. The severity of hearing loss was deter-
mined as PTA for 0.5, 1, 2, and 4 kHz. In addition,
a high-frequency hearing loss (hFhl) was considered
at 4 and 8 kHz to assess the inner ear’s involvement
better.

ABR measurements were performed on both ears
separately with single-channel electrode placement.
While subjects were in the supine position, measure-
ments were made in the alternate mode, 1200 sweep,
11.7 rates, and click stimulus. Stimulus intensities
used were 60 dBnHL, 40 dBnHL, 20 dBnHL, and
10 dBnHL. The amplitudes of the I./IIL./V. waves, the
latencies of the I./I11./V. waves and the latencies of the
I- III/I-V/TII-V interpeak were recorded.

During DPOAE measurements, the frequency
density within the stimulus was determined as L1 (65
dB-SPL) for frequency f1 and L2 (55 dB-SPL) for fre-
quency f2. The DPOAE results were recorded twice
for each frequency, 1000, 1500, 2000, 3000, 4000,
6000, and 8000 Hz. In the DPOAE results, the “sig-

nal-to-noise ratio” (SNR) values determined for each
frequency are read from the table generated by the
test system.

Venous blood samples were collected for biochem-
ical analysis without ingestion of drugs and after at
least 10 hours of fasting. Biochemical analyzes were
performed at the Central Biochemical Laboratory of
our hospital NEU Meram Faculty of Medicine. Ana-
lyzes were performed using the oxidase-based tech-
nique with a modular system from Roche and Hitachi
(Mannheim, Germany).

Statistical Analysis

Windows version 12.0 (SPSS Inc. Chicago/Illi-
nois/USA) was used to analyse clinical and experi-
mental data. Descriptive statistics were determined
for each variable individually. Numeric or categor-
ical variables were expressed as mean + standard
deviation and number per cent. Whether or not the
data were normally distributed was examined using
the Shapiro-Wilk test. Parametric statistics (t-test for
independent samples) and nonparametric statistics
(Mann-Whitney U test) were used for continuous
variables. Fisher’s Exact and Chi-square tests were
used to compare categorical data between indepen-
dent groups. A p - value of < 0.05 was considered sta-
tistically significant.

Table 1. Demographic, clinic and biochemical features of the patients with FD and healthy

subjects.
Parameters Patients with Fabry disease Healthy subjects P value
(n: 16) (n: 16)

Gender (F/M) 8/8 5/11 0.280
Age (years) 335+154 33.6+£6.3 0.976
eGFR (mL/min) 108.3 +49.9 103.9+13.3 0.736
Glucose (mg/dL) 89.3+6.3 91 +8.3 0.530
Urea (mg/dL) 29.6+18.1 27.1+73 0.509
Creatinine (mg/dL) 1.2+1.9 0.8+0.1 0.203
Sodium (mmol/L) 139.3+ 1.8 139.1+1.8 0.703
Potassium (mmol/L) 46+04 43+0.3 0.029
Total protein (g/L) 68.9+3.8 724+3 0.008
Albumin (g/L) 429+4.1 46.7+2.8 0.005
AST (U/L) 162+3.5 20.9+12.1 0.749
ALT (U/L) 13.8+7.1 28.1£20 0.001
CRP (mg/dL) 25+39 34+3.6 0.118
Protein/creatinine ratio in spot urine (mg/dL) 741.1 +£1329 88.1 +£38.6 <0.001
White blood cell count (103/uL) 74+13 83+1.6 0.100
Neutrophil count (103/uL) 43+1.1 44+12 0.755
Lymphocyte count (103/uL) 24+0.6 29+0.6 0.033
Hemoglobin count (g/dL) 13.6+1.3 144+15 0.173
Platelet count (103/uL) 256.6 + 58.3 270.7 £ 66.3 0.523
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RESULTS

Table 1 shows the demographic data, clinical char-
acteristics, and biochemical results of 16 patients with
FD and 16 healthy control subjects. When the patients
and healthy subjects were evaluated, it was found that
there were no significant differences concerning the
following variables: sex, age, serum levels of glucose,
creatinine, sodium, CRP, haemoglobin, and platelet
count. In addition, serum levels of total protein, albu-
min, alanine aminotransferase (ALT) and lymphocyte
count were higher in the control group (p = 0.008, p
=10.005, p = 0.001 and p = 0.033, respectively). Serum
potassium levels and protein/creatinine ratio were sig-
nificantly higher in patients with FD than in control
subjects (p = 0.029 and p < 0.001, respectively) (Table
D).

After the diagnosis of FD in 4 patients, 12 more
affected family members were identified through
family screening. The pedigree analysis provided an
early diagnosis for two male relatives (nephews) of a
male patient and four male relatives (2 sons and two
nephews) of the other male patient. The diagnosis
was made in 3 female relatives of a female patient (1
daughter, two nieces) and three relatives (2 daughters
and a niece) of the other female patient. The mean du-
ration of diagnosis was 67.69 + 13.29 months, and the
mean duration of treatment was 62.44 + 15.21 months
in patients with FD (Table 2). Nine patients were us-
ing agalsidase alfa, and seven were using agalsidase
beta. In addition, the patients’ enzyme levels and lyso
Gb-3 levels were given in Table 2.

When the hearing functions of the participants
were evaluated, it was found that the rate of hearing
loss was higher in the patients with FD than in the
healthy control group (p = 0.033). According to the
results of PTA, conductive hearing loss was detected
in 4 (25%) of the FD patients, while it was not detect-
ed in the control group. The mean value of hearing
thresholds obtained with PTA in the patients with FD
and the control groups was within the normal range in
the bone and airway for both ears. However, when the
frequencies of 500-4,000 Hz were assessed, the bone
pathway hearing threshold in both ears was higher in
the FD patients than in the healthy control group (p =
0.014 and p = 0.014, respectively) (Table 3).

When we compared the otoacoustic distortion
product measurements of the FD patients and the
control group, the dB value measured at 2.8 kHz
was lower in the patient group (p = 0.018). When we
compared the ABR measurements, the right ear’s 3-5
interpeak latency at 60 dB was lower in the patients
with FD (1.8 £ 0.3 vs 2 £ 0.2 ms, p = 0.033).

When patients were divided into groups after
agalsidase treatment, there were no significant differ-
ences in sex, age, serum glucose, serum creatinine,
sodium, potassium, C-reactive protein, lymphocyte
count, and platelet count between the treated and
untreated groups; only the spot urine protein/creati-
nine ratio was higher in the treated group (p = 0.039).
Hearing thresholds determined with PTA in the treat-
ed and untreated patients were within the normal
bone and airway range at all frequencies between
250-8,000 Hz in both ears. No significant difference

Table 2. Diagnosis, treatment dates and enzyme levels of patients with Fabry disease.

No  Gender Age Dignosis FD duration Treatment Treatment Enzyme  Lyso Treatment
(years) date (months) date duration (month) level Gb-3

1 Female 19 01.01.2017 72 01.01.2018 60 2.5 5.2 Agalsidase alfa
2 Male 48 01.01.2017 72 01.01.2018 60 0.2 4.6  Agalsidase alfa
3 Female 21 01.03.2017 69 01.06.2017 67 0.8 1.8  Agalsidase alfa
4 Female 33 01.06.2019 43 17.02.2020 35 2.1 4.2  Agalsidase beta
5 Male 37 11.11.2015 86 01.01.2016 84 0.9 39.3  Agalsidase beta
6 Male 39 23.11.2015 86 01.01.2016 84 1.4 27.5  Agalsidase beta
7 Male 47 08.06.2016 79 01.10.2016 75 0.2 1.7 Agalsidase beta
8 Female 36 11.01.2019 48 01.11.2019 38 2.0 7.9  Agalsidase beta
9 Male 25 18.10.2016 74 23.02.2017 71 1.2 60.8  Agalsidase alfa
10 Female 66 03.01.2017 71 23.02.2017 71 24 11.5  Agalsidase alfa
11 Male 38 01.02.2017 70 23.02.2017 71 1.2 233 Agalsidase beta
12 Female 43 11.04.2017 68 03.08.2017 65 23 14.7  Agalsidase alfa
13 Female 19 04.03.2019 45 01.09.2019 40 2.5 5.2 Agalsidase alfa
14  Male 48 01.03.2018 58 01.12.2018 49 0.2 4.6  Agalsidase alfa
15  Female 21 09.10.2017 63 01.03.2018 58 0.8 1.8  Agalsidase alfa
16  Female 33 19.06.2016 79 17.02.2017 71 2.1 4.2  Agalsidase beta
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Table 3. Comparison of audiometry findings of the patients with FD and healthy subjects.

Parameters Patients with Fabry disease Healthy subjects P value
(n: 16) (n: 16)
Right ear 500-4000 Hz (air) 9.1+438 6.6+1.7 0.253
Right ear 4000-8000 Hz (air) 12.9+8.7 84+1.8 0.474
Right ear 500-4000 Hz (bone) 6.5+3.8 38+2.1 0.014
Left ear 500-4000 Hz (air) 8.4+37 65+1.7 0.200
Left ear 4000-8000 Hz (air) 123+7.1 83+1.7 0.361
Left ear 500-4000 Hz (bone) 63+34 38+2.1 0.014
Hearing loss n (%) 4 (25) 0 0.033

was found between the two groups.

When the measurements of the otoacoustic dis-
tortion product of the groups were evaluated, it was
found that the dB value at the right ear SNR 1.4 and
2.8 kHz and at the left ear SNR 1.0, 1.4, 2.0, and 2.8
kHz was significantly higher in the untreated patient
group (p = 0.027, p = 0.050; p = 0.014, p = 0.022, p
= 0.08, and p = 0.029, respectively) (Table 4). When
the ABR measurements were evaluated between the
groups, it was found that there was no statistical dif-
ference.

DISCUSSION

As a result of the study, we came to three import-
ant conclusions. First, proteinuria was significantly
increased in FD patients compared with the control
group. Second, the proportion of patients with hear-
ing loss was higher in FD patients. Third, the average
hearing threshold of patients with FD was higher than
that of the healthy group at the frequencies of 500-

4,000 Hz in the bone tract for both ears.

FD is a genetic storage disease that plays a role in
chronic kidney disease but can be treated. Renal find-
ings occur in at least 20% of females and about 50%
of male patients.” The primary renal finding is usu-
ally proteinuria.'”’ In a study by Turkmen et al", the
incidence of proteinuria in 30 patients with FD was
23.3%. According to the literature, the protein-to-cre-
atinine ratio in our study’s puncture urine was higher
in patients with FD than in the control group. When
we divided the patients with and without treatment
into groups, the ratio of protein to creatinine detected
in the puncturing was higher in the treatment group.
This result may be attributed to treated patients hav-
ing more severe diseases and being more likely to de-
velop organ damage.

The effects of FD on hearing have also been de-
scribed in the last 15 years. Several studies have re-
ported that progressive sensorineural and episodic
hearing loss 1s more common than the average popu-
lation, especially at high frequencies.'>"* Sergi et al.14

Table 4. Autoacoustic emission findings of treated and nontreated FD patients with agalsidase.

Parameters FD patients with treatment (n: 9) FD patients without treatment (n: 7) P value
Right ear SNR 1.0 kHz 4.6+78 8.6+8.3 0.339
Right ear SNR 1.4 kHz 59+6.1 13+£52 0.027
Right ear SNR 2.0 kHz 24+58 82+6.1 0.074
Right ear SNR 2.8 kHz -7.4+13.2 20+9.2 0.050
Right ear SNR 4.0 kHz 03£8.2 0.7+8.1 0.791
Right ear SNR 6.0 kHz -6.0+12.9 -27+£9.8 0.588
Right ear SNR 8.0 kHz -15.1+£6.9 -13.7+9.7 0.740
Left ear SNR 1.0 kHz 1.1£9.2 12+4.8 0.014
Left ear SNR 1.4 kHz 6.5+£4.5 123+43 0.022
Left ear SNR 2.0 kHz 0.6+64 102+£5.8 0.008
Left ear SNR 2.8 kHz -34+7.7 51+5.8 0.029
Left ear SNR 4.0 kHz 1.1+£7.6 82+5.8 0.060
Left ear SNR 6.0 kHz 44+11.5 2.9+10.2 0.205
Left ear SNR 8.0 kHz -157+8.2 -23.3+6.7 0.067
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investigated the involvement of the inner ear in 20
patients with FD receiving enzyme replacement ther-
apy (ERT). This study’s patients were audiologically
evaluated every six months using audiometry, OAE,
and ABR methods. The mean follow-up time was 51.5
months (range: 25-73). Audiometry detected a hear-
ing loss in 18 ears (45%) (13 patients) at pretreatment
evaluation. These hearing losses were reported to be
sensorineural, and the site of the lesion was the co-
chlea, as indicated by the OAE and ABR findings.
When the planned follow-up times were reached in
the study, the number of ears with hearing loss in-
creased to 21 (52.5%), but it was found that the differ-
ence was not statistically significant. The authors sug-
gested that inner ear involvement remains stable with
ERT, so treatment should be started without waiting
for hearing loss to develop. In our study, the rate of
patients with hearing loss was higher than in control
subjects. No difference in hearing loss was found
when the treated and untreated patients were exam-
ined. But a conductive hearing loss in 4 patients could
not be associated with any condition. However, it was
thought that impedance changes due to FD-related
deposit accumulations in the sound conduction path
starting from the tympanic membrane and continuing
with the malleus incus stapes and their ligaments and
ending in the fenestra ovale might be a factor. How-
ever, because our study was cross-sectional, it may
be misleading to make a statement about the effect of
ERT on hearing loss.

In addition, hearing loss due to neurological in-
volvement in patients with FD is another reason for
blaming. In a study by Koeping et al.”®, %74 of FD
patients were found to have sensorineural hearing
loss by audiometry. In the ABR evaluation of these
patients, the interpeak wave latencies I-I11/11I-V/I-V
were within the normal range. In our study, the ABR
test performed to evaluate the patients’ auditory path-
ways found that the right ear of the patients with FD
was significantly lower at 60 dB than the control group
with 3-5 interpeak latencies. However, the results of
ABR were found to be normal in all our patients.

In a study by Bitirgen et al.'®, corneal sensitivity,
density, and nerve fibre length were lower in FD pa-
tients than in control subjects when evaluated by cor-
neal confocal microscopy. Although FD-associated
nerve damage was directly detected by microscopy
in this study, the presence of auditory nerve damage
in our study could not be seen by the ABR test. This
could be because the head pairs were affected by FD

at different rates or because a method that assessed
electrical activity, such as the ABR test, was inade-
quate. Studies are needed to evaluate more patients
and use other ways, such as autopsy studies.

Another question that needs to be addressed re-
garding hearing loss in patients with FD is whether
it is possible to halt or even reverse hearing loss with
treatment. To investigate this question, Palla ez al."”
audiometrically assessed the hearing of 47 patients
before starting ERT and 60 months after treatment.
The authors, who found no difference between the
two evaluations, claimed that although the hearing
loss was not reversed by ERT, at least hearing func-
tions were stabilized. One of the major shortcomings
of our study is that the periods before and after treat-
ment were not evaluated to examine the effect of ERT
on hearing loss.

CONCLUSIONS

As a result, we found that the hearing loss and
hearing threshold rates were higher in FD patients
than in the healthy group. Although the effects of
pathogenesis and enzyme replacement therapy are
not yet fully known, hearing screening should be sys-
tematically performed in these patients and included
in this screening in asymptomatic patientsWe believe
that possible hearing loss can cause a severe deterio-
ration in the quality of life, even if it does not cause
life-threatening situations, and that adverse effects on
quality of life can be prevented by early diagnosis/
treatment.

Conflict of Interest

The author(s) declared no potential conflicts of in-
terest with respect to the research, authorship, and/or
publication of this article.

Funding Sources
The author(s) received no financial support for the
research, authorship, and/or publication of this article.

Ethical Approval

The protocol of the study was approved by the
Medical Ethics Committee of Necmettin Erbakan Uni-
versity (NEU) (Faculty of Medicine, Konya, Turkey).
(Decision number: 2018/1179, date: 19.01.2018).

Authors’ Contribution
Study Conception: FY, MAD, KT; Study Design:

89



Turk J Int Med 2023;5(2):84-91

Hearing and Auditory Pathways in Fabry Disease

FY, MAD, IB, KT; Supervision: FY, CKY, HO, YO,
IB; Literature Review: FY, CKY, MAD, HO, YO,
Critical Review: MAD, IB, KT; Data Collection and/
or Processing: FY, CKY, MAD, HO, YO; Statisti-
cal Analysis and/or Data Interpretation: FY, IB, YO;
Manuscript preparing: FY, CKY, MAD, KT. Oto-rhi-
no-larygologic examination and Hearing functions
and auditory pathways: MAD.

REFERENCES

1. Alroy J, Sabnis S, Kopp JB. Renal pathology in
Fabry disease. ] Am Soc Nephrol. 2002 Jun;13(Suppl
2):S134-8. doi: 10.1097/01.ASN.0000016684.07368.75.
Alroy J, Sabnis S, Kopp JB. Renal pathology in Fab-
ry disease. ] Am Soc Nephrol. 2002 Jun;13 Suppl
2:S134-8.

2. Arends M, Wanner C, Hughes D, Mehta A, Oder D,
Watkinson OT, Elliott PM, Linthorst GE, Wijburg FA,
Biegstraaten M, Hollak CE. Characterization of Clas-
sical and Nonclassical Fabry Disease: A Multicenter
Study. J Am Soc Nephrol. 2017 May;28(5):1631-41.
doi: 10.1681/ASN.2016090964.

3. Curiati MA, Aranda CS, Kyosen SO, Varela P. The
challenge of diagnosis and indication for treatment in
Fabry disease. J Inborn Errors Metab Screen. 2017;5:1-
7. doi: 10.1177/2326409816685735.

4. Hsu TR, Niu DM. Fabry disease: Review and ex-
perience during newborn screening. Trends Cardio-
vasc Med. 2018 May;28(4):274-281. doi: 10.1016/).
tcm.2017.10.001.

5. Calderon Sandubete EJ, Briones Pérez de la Blan-
ca E, Alonso-Ortiz Del Rio C, Santamaria Olmo R,
Lopez Mendoza M, Barcos Martinez M, Marquez
Infante C, Marin-Ledn I; en nombre del Grupo Guia
Fabry. Spanish multidisciplinary clinical practice
guidelines for Anderson-Fabry Disease in adults. I.
Method and recommendations. Rev Clin Esp (Barc).
2019 May;219(4):200-207. English, Spanish. doi:
10.1016/j.rce.2018.09.017.

6. Lidove O, Kaminsky P, Hachulla E, Leguy-Seguin
V, Lavigne C, Marie I, Maillot F, Serratrice C, Mas-
seau A, Chérin P, Cabane J, Noel E; FIMeD investiga-
tors. Fabry disease ‘The New Great Imposter’: results
of the French Observatoire in Internal Medicine De-
partments (FIMeD). Clin Genet. 2012 Jun;81(6):571-7.
doi: 10.1111/.1399-0004.2011.01718.x.

7. Laney DA, Bennett RL, Clarke V, Fox A, Hopkin
R1J, Johnson J, O’Rourke E, Sims K, Walter G. Fab-
ry disease practice guidelines: recommendations of

the National Society of Genetic Counselors. J Genet
Couns. 2013 Oct;22(5):555-64. doi: 10.1007/s10897-
013-9613-3.

8. Spada M, Pagliardini S, Yasuda M, Tukel T, Thiag-
arajan G, Sakuraba H, Ponzone A, Desnick RJ. High
incidence of later-onset fabry disease revealed by new-
born screening. Am J Hum Genet. 2006 Jul;79(1):31-
40. doi: 10.1086/504601.

9. Wilcox WR, Oliveira JP, Hopkin RJ, Ortiz A, Ban-
ikazemi M, Feldt-Rasmussen U, Sims K, Waldek S,
Pastores GM, Lee P, Eng CM, Marodi L, Stanford
KE, Breunig F, Wanner C, Warnock DG, Lemay RM,
Germain DP; Fabry Registry. Females with Fabry
disease frequently have major organ involvement: les-
sons from the Fabry Registry. Mol Genet Metab. 2008
Feb;93(2):112-28. doi: 10.1016/;.ymgme.2007.09.013.
10. Orug A, Yildiz A, Akgur S, Unsal O, Aydin MF,
Ersoy A, Yavuz M, Dilek K, Gullulu M. Screening for
Fabry disease in patients who underwent renal biopsy
and identification of a novel mutation. Turkish journal
of nephrology. 2021 Apr;30(2):165-70. doi: 10.5152/
turkjnephrol.2021.47009.

11. Turkmen K, Guclu A, Sahin G, Kocyigit I, Demir-
tas L, Erdur FM, Sengiil E, Ozkan O, Emre H, Tur-
gut F, Unal H, Karaman M, Acikel C, Esen H, Balli
E, Bitirgen G, Tonbul HZ, Yilmaz MI, Ortiz A. The
prevalence of Fabry disease in patients with chron-
ic kidney disease in Turkey: The TURKFAB study.
Kidney Blood Press Res. 2016;41(6):1016-24. doi:
10.1159/000452605.

12. Germain DP, Avan P, Chassaing A, Bonfils P. Pa-
tients affected with Fabry disease have an increased
incidence of progressive hearing loss and sudden
deafness: an investigation of twenty-two hemizygous
male patients. BMC Med Genet. 2002 Oct 11;3:10.
doi: 10.1186/1471-2350-3-10.

13. Hegemann S, Hajioff D, Conti G, Beck M, Sun-
der-Plassmann G, Widmer U, Mehta A, Keilmann A.
Hearing loss in Fabry disease: data from the Fabry Out-
come Survey. Eur J Clin Invest. 2006 Sep;36(9):654-
62. doi: 10.1111/5.1365-2362.2006.01702 .

14. Sergi B, Conti G, Paludetti G; Interdisciplinary
Study Group On Fabry Disease. Inner ear involve-
ment in Anderson-Fabry disease: long-term follow-up
during enzyme replacement therapy. Acta Otorhino-
laryngol Ital. 2010 Apr;30(2):87-93.

15. Koping M, Shehata-Dieler W, Schneider D, Ce-
bulla M, Oder D, Miintze J, Nordbeck P, Wanner C,
Hagen R, Schraven SP. Characterization of vertigo
and hearing loss in patients with Fabry disease. Or-

90



Turk J Int Med 2023;5(2):84-91 Yonet et al.

phanet J Rare Dis. 2018 Aug 15;13(1):137. doi: 10.1186/  10.1038/s41598-018-30688-z.

s13023-018-0882-7. 17. Palla A, Hegemann S, Widmer U, Straumann D.
16. Bitirgen G, Turkmen K, Malik RA, Ozkagnici A, Vestibular and auditory deficits in Fabry disease and
Zengin N. Corneal confocal microscopy detects cor- their response to enzyme replacement therapy. J Neu-
neal nerve damage and increased dendritic cells in rol. 2007 Oct;254(10):1433-42. doi: 10.1007/s00415-
Fabry disease. Sci Rep. 2018 Aug 16;8(1):12244. doi:  007-0575-y.

@ @@@ This is an open access article distributed under the terms of Creative Common
Attribution-NonCommercial-NoDerivatives 4.0 International License.

91



TURKISH JOURNAL OF INTERNAL MEDICINE

Original Article

ISSN:2687-4245

Mel-200 or Mel-140, Which One is More Advantageous?
Retrospectively Analysis of The Multiple Myeloma
Patients Treated with Autologous Hematopoetic Stem Cell
Transplantation

Fazil Cagri HUNUTLU! *“ | Fahir OZKALEMKAS' *“ , Vildan GURSOY? ** |

Vildan OZKOCAMAN!

' Department of Internal Medicine, Division of Hematology, Faculty of Medicine, Bursa Uludag University, Bursa, Turkey.
“Department of Hematology, Bursa City Hospital, Bursa, Turkey.

ABSTRACT
Background Autologous hematopoietic stem cell transplantation (AHSCT) is one of the standard treatment
modalities for patients with multiple myeloma (MM) under 65 years of age. Renal failure, significant disease
comorbidity, significantly affects treatment choices. There are conflicting data in the literature regarding the
dose of melphalan to be used for AHSCT in patients with renal failure and comorbid conditions. This study
aimed to compare the efficacy and side effect data of different melphalan doses in patients with renal failure.
Material and Methods The study included 107 patients older than 18 years of age with a diagnosis of MM
who underwent AHSCT in our centre between January 2010 and January 2019. The data of the patients were
analyzed retrospectively. Patients were grouped according to estimated glomerular filtration rate (¢GFR: < 60
or > 60 mL/min) and melphalan doses (140-200). In addition to renal failure, patients with low-performance
scores (ECOG 3 and above) or severe systemic comorbid disease were included in the Mel-140 group.
Results Comparative analysis of MEL-140 and MEL-200 doses used for AHSCT showed no significant
difference between the two groups regarding side effects, disease-free survival, and overall survival.
Engraftment times were similar in both groups. When the patients were analyzed according to eGFR level,
the incidence and severity of mucositis were higher in the group with low eGFR levels (p = 0.016). The
duration of engraftment, complication with a febrile neutropenic attack, and development of septic shock
were similar in both groups.
Conclusions In addition to renal failure, MEL-140 emerges as a preferable transplant preparation regimen
considering its efficacy and side effect profile in patients with low-performance scores or severe systemic
comorbidities.
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INTRODUCTION

Autologous hematopoietic stem cell transplanta-
tion (AHSCT) is the standard treatment approach in
patients diagnosed with multiple myeloma (MM) aged
< 65 years.? Although different criteria for transplant
candidates are used in different centres, AHSCT fol-
lowing induction therapy in young patients with good
performance status is the standard treatment. Although
the term “young patient” is used for patients who are not
older than 65 years of age, patients who are older than 65
years of age without comorbidities and with good per-
formance status can also be considered transplant candi-
dates. Renal function is one of the critical factors, along
with age, for AHSCT candidacy in MM patients.] Renal
failure is observed in 20-30% of newly diagnosed MM
patients, and hemodialysis may be required in 10% of
the patient group.® Although a high treatment response
rate is obtained with AHSCT with high dose melphalan
following remission induction therapies, including the
bortezomib-immunomodulatory agent (Imid)-dexa-
methasone in current studies, there is not enough con-
sensus regarding the use of high-dose melphalan in pa-
tient groups with renal failure.* Studies have shown that
AHSCT can be used in all stages of renal failure, includ-
ing the need for dialysis and does not cause post-trans-
plant engraftment failure.’ Although studies performed
in patients with advanced renal failure are limited and
retrospective, studies show that melphalan dose adjust-
ment should be performed mainly in dialysis-dependent
patients and transplant-related mortality rates in these
patients may be high.®

Melphalan used for autologous transplantation in pa-
tients with MM is a bifunctional alkylating agent, and
the myeloablative dose of 200 mg/m? is generally used
for transplantation.”® Although spontaneous destruction
is the most crucial step in eliminating melphalan from
the body, some renal excretion also plays a role in elim-
ination.”"" Although the rate of renal excretion is low, it
is known that melphalan pharmacokinetics is affected in
patients with renal failure."” In patient groups with renal
failure, some centres aimed to prevent toxicity by reduc-
ing the dose of melphalan to 140 mg/m?.® We aimed to
contribute to the literature on the effective and safe dose
in patient groups with renal failure and vulnerable pa-
tients by evaluating the data of patients who were fol-
lowed up in our centre due to limited and contradictory
data in studies on melphalan dose.

MATERIAL AND METHODS

The study included 107 patients older than 18 years
of age with a diagnosis of MM who underwent AH-
SCT in Bursa Uludag University Faculty of Medi-
cine, Department of Hematology, between January
2010 and January 2019. The data of the patients were
retrospectively analyzed from their files. The patients
were evaluated according to Kidney Disease Improv-
ing Global Outcomes (KDIGO) estimated glomerular
filtration rate (¢GFR: < 60 or > 60 mL/min) levels and
melphalan doses (140-200). Patients with low-perfor-
mance scores (ECOG 3 and above) or severe systemic
comorbidities other than renal failure were included
in the Mel-140 group. The Mel-140 group included 11
patients, and the Mel-200 group included 96 patients.
Age, gender, primary diagnosis, stage, pre-transplant
treatment regimens, stem cell collection regimen,
transplant preparation regimen, serum creatinine
level, need for hemodialysis before transplantation,
eGFR level, post-transplant complications, history of
febrile neutropenic attack, presence of septic shock,
neutrophil and platelet engraftment times, presence of
recurrence, presence of mortality in the first 100 days
were analyzed. Our study was conducted under the
institutional research committee’s ethical standards
and according to the 1964 Helsinki Declaration.

Statistical Analysis

The compatibility of the variables with normal
distribution was analyzed by the Shapiro-Wilk test.
Continuous variables were expressed as median
(minimum: maximum) and mean + standard devia-
tion. Categorical variables were expressed as n (%).
Mann-Whitney U test was used for comparisons be-
tween two groups according to the normality test re-
sults. Pearson chi-square, Fisher’s exact chi-square,
and Fisher-Freeman-Halton tests were used to compare
categorical variables between groups. Kaplan-Meier
analysis was performed to investigate differences in
overall and disease-free survival, and survival curves
were compared using the log-rank test. For statisti-
cal analyses, SPSS (IBM Corp. Released 2012. IBM
SPSS Statistics for Windows, Version 21.0. Armonk,
NY: IBM Corp.) programme was used, and p < 0.05
was considered statistically significant.

RESULTS

Of 107 patients with MM, 41 (38.3%) were male,
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Table 1. Patient characteristics according to estimated glomerular filtration rate (eGFR) level.

eGFR <60 mL/min  eGFR > 60 mL/min P value
(n: 18) (n: 89)

Age (years) 58 (49:70) 55(20:71) 0.040*
Gender (Male/Female) 5/13 36/53 0.224°
ISS phase I 5(27.8) 28 (31.8) 0.038°
ISS phase 11 2 (11.1) 32 (36.4)
ISS phase 111 11 (61.1) 28 (31.8)
Number of treatment received before transplant 2 (1:3) 2 (1:4) 0.700*
Lenalidomide based 10 (47.6) 30 (25.6) 0.041°
Bortezomib based 18 (85.7) 85 (72.6) 0.205°
Stem cell G-CSF 11 (61) 50 (56.8) 0.818°
Collection regime chemotherapy+G-CSF 7 (39) 39 (43.2)
Transplant preparation melphalan 200 mg/m? 10 (10.4) 86 (89.6) <0.001°¢
Regime* melphalan 140 mg/m? 8 (72.7) 3(27.3)
Serum creatinine (mg/dL) 1.60 (1.2:8) 0.70 (0.5:1.2) <0.001*
eGFR <50 (mL/min) 1(5.6) 3(3.38) 0.487¢
e¢GFR >50 (mL/min) 17 (94.4) 86 (96.62)

G-CSF: granulocyte colony-stimulating factor. Data were expressed as median (minimum: maximum) or n (%).
*percentages in brackets were calculated according to transplant preparation regime groups.
3Mann-Whitney U test, ® Chi-square test, ¢ Fisher Freeman-Halton test, ¢ Fisher's exact chi-square test.

and 66 (61.7%) were female. Patient characteristics
according to eGFR level were shown in Table 1. 18
patients (16%) were in the group with eGFR <60 mL/
min, while 89 patients (84%) were in the eGFR > 60
mL/min group. The age range was 20-71 years, and
the median age was 58 in the low eGFR group and 55
in the normal eGFR group. The subgroup analysis of
patients with MM was shown in Table 2.

When melphalan doses used in transplant prepara-
tion were compared according to eGFR level, it was
found that the melphalan 140 mg/m2 dose was used
more in patients with low eGFR. It was statistically
significant (p < 0.001). Two doses were used in the
transplant preparation regime to evaluate the mel-
phalan dose regarding side effects and engraftment
time. No significant difference was found between the
two groups regarding toxicity or engraftment time.
A comparison of the groups according to melphalan
dose was shown in Table 3.

In the analysis of the complications that developed
during transplantation, the incidence and severity of
mucositis were higher in the low eGFR group (p =
0.040, p = 0.012). No significant difference was found
in hepatotoxicity, nephrotoxicity, frequency of febrile
neutropenic attacks, septic shock incidence, and di-
arrhoea development according to eGFR level. No
significant difference was found between the two
groups in evaluating neutrophil engraftment times
according to eGFR level. Median platelet > 20,000/

mm3 engraftment time was found to be the 14" day in
the eGFR < 60 mL/min group and the 12" day in the
eGFR > 60 mL/min groups, but no statistically signif-
icant difference was found between the two groups (p
= 0.117). Median platelet > 50,000/mm? time was lon-
ger in the group with eGFR < 60 mL/min (p = 0.006).
Complication evaluation according to eGFR level was
summarized in Table 4.

According to the melphalan dose, median dis-
ease-free survival (DFS) was 37 months in the Mel-
140 mg/m? group and 41 months in the Mel-200 mg/
m? group, and no significant difference was found
between the two groups (p = 0.882) (Figure 1A). No
median value was reached in the overall survival (OS)
analysis, and 12, 36, and 60-month OS in the Mel-200

Table 2. Subgroup analysis of patients
diagnosed with multiple myeloma.
eGFR <60 eGFR >60

mL/min (n: 18) mL/min (n: 89)
IgG 9 (50) 43 (48.3)
IgA 2 (11.1) 23 (25.8)
Kappa light chain 6 (33.3) 7(7.9)
Lambda light chain 0 11 (12.4)
Plasmacytoma 0 4 (4.5)
IgE 1(5.6) 0
Plasma cell 0 1(1.1)
leukemia

Data were expressed as n (%).
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Table 3. Comparison of side effects and engraftment times according to melphalan dose.

Transplant preparation regime Melphalan 140 Melphalan 200 mg/m? P value
mg/m? (n: 11) (n: 96)
Transaminase elevation 1(9.1) 10 (10.4) >0.99?
Serum bilirubin elevation 2 (18.2) 13 (13.5) 0.651*
Mucositis >0.99°
Grade 1-2 6 (54.5) 51(53.1)
Grade 3-4 1(9.1) 9(9.4)
None 4 (36.4) 36 (37.5)
Diarrhoea 0.337°
Grade 1-2 7 (63.6) 38 (39.6)
Grade 3-4 4 (36.4) 54 (56.3)
None 0 4(4.2)
Neutrophil engraftment (days) 11(10:12) 11 (8:40) 0.322°¢
Platelet 20,000 engraftment (days) 13 (11:28) 12.50 (8:54) 0.297¢
Platelet 50,000 engraftment (days) 21 (14:35) 17 (10:90) 0.065°¢
Progression free survival (PFS) (months) 39 +8.42 54.38+6.76 0.882
Overall survival (OS) (months) 68.47 +3.98 12443 £11.27 0.665

Data were expressed as median (minimum: maximum), mean + standard deviation or n (%).
2 Fisher's exact chi-square test, ® Fisher Freeman-Halton test, © Mann-Whitney U test.

mg/m? group was 97.9%, 88.7%, and 70.5%, respec- DISCUSSION

tively. In the Mel-140 mg/m? group, 12-36-60 months

OS was determined as 100%, 100%, and 53%, respec- AHSCT performed in combination with high-dose
tively. There was no significant difference in OS be- chemotherapy is the standard treatment approach
tween the two groups (p = 0.665) (Figure 1B). in patients with MM with good performance who

Table 4. Evaluation of complications during transplantation and duration of engraftment
according to estimated glomerular filtration rate (eGFR) level.
eGFR < 60 mL/min e¢GFR > 60 mL/min P value

(n: 18) (n: 89)

Renal failure in transplantation 0.1322

Yes hemodialysis none 7 (38.9) 18 (20.2)

Yes hemodialysis yes 1 (%5.6) 3(33.4)

None 10 (%55.6) 68 (76.4)
Transaminase elevation 0 11 (12.4) 0.205°
Serum bilirubin elevation 2 (11.1) 13 (14.6) >0.99°
Mucositis 0.016¢

Grade 1-2 10 (55.6) 47 (52.8)

Grade 3-4 5(27.8) 5(5.6)

None 3 (16.6) 37 (41.6)
Diarrhoea 0.297*

Grade 1-2 5(27.8) 40 (44.9)

Grade 3-4 13 (72.2) 45 (50.6)

None 0 4 (4.5)
Febrile neutropenia attack 16 (88.9) 86 (96.6) 0.196°
Septic shock 1 (5.60) 3 (3.40) 0.527°
Neutrophil engraftment (days) 11 (9:14) 11 (8:40) 0.002¢
Platelet 20,000 engraftment (days) 14 (10:33) 12 (8:54) 0.117¢
Platelet 50,000 engraftment (days) 21 (14:39) 17 (10:90) 0.006¢
Progression free survival (PFS) (months) 42.87 £6.33 53.95+£6.90 0.331
Overall survival (OS) (months) 81.03 £7.49 121.11 £11.59 0.387

Data were expressed as median (minimum: maximum), mean+standard deviation or n (%).
@ Fisher Freeman-Halton test, ® Fisher's exact chi-square test, ¢ Chi-square test, ¢ Mann-Whitney U test.
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Figure 1. Kaplan-Meier survival analysis according to melphalan doses: (A) disease-free survival; (B) overall survival.

achieve remission with induction therapies."'* How-
ever, there is still no consensus about the application
of AHSCT in patients with renal failure, especially in
patients with MM, and the dose of melphalan to be
used as a preparatory regimen. In our survey analysis
of the melphalan dose, no significant difference was
found between both melphalan doses regarding dis-
ease-free survival and overall survival. A study con-
ducted in 2018 on 55 MM patients with renal failure
showed that melphalan could be used as an effective
treatment option in all stages of renal failure, includ-
ing patients on dialysis, and that the 140 mg/m? dose
was safer in terms of side effect management in re-
nal failure. Regarding efficacy, 140 mg/m? dose also
influenced survival analysis results."” Similarly, in a
study in which EBMT data were analyzed accord-
ing to melphalan dose, no significant difference was
found between Mel-140 and Mel-200 doses in the sur-
vey analysis.”” In another study in which elderly MM
patients were analyzed, it was observed that patients
who used Mel-140 mg/m? in the transplant preparato-
ry regimen had lower progression-free survival and
overall survival rates compared to the Mel-200 mg/
m? group.'® In our study, no statistically significant
difference was detected between the two groups. The
difference between the two studies may be because
patients with lower performance scores and lower sur-
vey expectations were included in the Mel-140 group
and the difference between the number of patients and
the induction therapy used before transplantation.

No significant difference was detected between
the two groups in the rate of mucositis, development
of hepatotoxicity, and engraftment times in the com-

parison results we performed according to melphalan
doses. Similarly, in comparing melphalan doses, side
effects and toxicity-related mortality rates were de-
tected between the two groups.” As another result of
our study, the incidence and severity of mucositis were
higher in patients with low GFR levels. Similarly, a
study was conducted on 381 newly diagnosed MM pa-
tients during AHSCT. Low GFR and high melphalan
dose were observed as risk factors for severe muco-
sitis.”” The two groups had no significant difference
regarding non-mucositis side effects and engraftment
times compared to melphalan doses. A 1996 study
showed that although melphalan was renally excret-
ed, the main route of elimination was spontaneous hy-
drolysis and melphalan half-life and clearance did not
change significantly even in patients with severe renal
failure. In the same study, no difference was detected
between the groups with and without renal failure in
hematopoietic recovery, the frequency of transfusion
requirement, and the incidence of severe mucositis
(grade 3 and above).'®

There are few case reports in the literature about
lenalidomide-induced hepatotoxicity. One patient pre-
sented with a cholestatic injury pattern', another pa-
tient had lenalidomide-associated hepatitis®’, the third
patient had a mixed pattern of liver injury?', and the
fourth patient had asymptomatic transaminase eleva-
tion.”> Most of cases, patients had pre-existing renal
failure. Lenalidomide is mainly excreted by kidneys,
so patients with renal failure may be more prone to
developing hepatotoxicity.?' In our study results, there
were no cases of lenalidomide-induced hepatotoxici-

ty.
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Study Limitations

The small number of patients with renal failure,
the exclusion of patients with incomplete data due
to the study’s retrospective design, and the fact that
patients with MM constitute a heterogeneous patient
population can be considered as the limiting factors
of our study. Prospective randomised controlled stud-
ies on homogeneous groups of transplant candidates
with renal failure will contribute to the literature in
the future.

CONCLUSIONS

In conclusion, Mel-140 appears to be an effective
and safe transplantation preparatory regimen in frail

patients with renal insufficiency, low-performance
scores, or severe systemic comorbid disease. The fact
that melphalan undergoes spontaneous hydrolysis
along with renal excretion allows it to be used safe-
ly in patients with low GFR without a significant in-
crease in side effects.

Conflict of Interest

The authors of this paper have no conflicts of in-
terest, including specific financial interests, relation-
ships, and/or affiliations relevant to the subject matter
or materials included.

Funding Sources
The author(s) received no financial support for the
research, authorship, and/or publication of this article.

Ethical Approval

Our study was conducted under the institutional
research committee’s ethical standards and according
to the 1964 Helsinki Declaration. The protocol of the
study was approved by the Medical Ethics Commit-
tee of Bursa Uludag University (Faculty of Medicine,
Bursa, Turkey). (Decision number: 2019-6/39, date:
March 2019).

Authors’ Contribution

Study Conception, Supervision, Critical Review:
FCH, FO, VO; Study Design, Fundings: FCH, FO;
Data Collection and/or Processing: FCH, FO, VG;
Analysis and/or Interpretation: FCH,FO,VG; Mate-
rials: FCH, FO, VG, VO, Literature Review, Writer:
FCH.

REFERENCES

1. Turkish Society of Hematology Multiple Myeloma
Guidebook Version 1.03. Istanbul: Uniform; 2020.

2. Pettengell R, Morgenstern GR, Woll PJ, Chang J,
Rowlands M, Young R, Radford JA, Scarffe JH, Tes-
ta NG, Crowther D. Peripheral blood progenitor cell
transplantation in lymphoma and leukemia using a
single apheresis. Blood. 1993 Dec 15;82(12):3770-7.
3. Dimopoulos MA, Sonneveld P, Leung N, Merlini
G, Ludwig H, Kastritis E, Goldschmidt H, Joshua D,
Orlowski RZ, Powles R, Vesole DH, Garderet L, Ein-
sele H, Palumbo A, Cavo M, Richardson PG, Moreau
P, San Miguel J, Rajkumar SV, Durie BG, Terpos E.
International Myeloma Working Group Recommen-
dations for the diagnosis and management of myelo-
ma-related renal impairment. J Clin Oncol. 2016 May
1;34(13):1544-57. doi: 10.1200/JCO.2015.65.0044.

4. Attal M, Lauwers-Cances V, Hulin C, Leleu X,
Caillot D, Escoffre M, Arnulf B, Macro M, Belhadj
K, Garderet L, Roussel M, Payen C, Mathiot C, Fer-
mand JP, Meuleman N, Rollet S, Maglio ME, Zey-
toonjian AA, Weller EA, Munshi N, Anderson KC,
Richardson PG, Facon T, Avet-Loisecau H, Harous-
seau JL, Moreau P; IFM 2009 Study. Lenalidomide,
bortezomib, and dexamethasone with transplantation
for myeloma. N Engl J Med. 2017 Apr 6;376(14):1311-
20. doi: 10.1056/NEJMoal611750.

5. Badros A, Barlogie B, Siegel E, Roberts J, Lang-
maid C, Zangari M, Desikan R, Shaver MJ, Fassas A,
McConnell S, Muwalla F, Barri Y, Anaissie E, Munshi
N, Tricot G. Results of autologous stem cell transplant
in multiple myeloma patients with renal failure. Br J
Haematol. 2001 Sep;114(4):822-9. doi: 10.1046/).1365-
2141.2001.03033.x.

6. St Bernard R, Chodirker L, Masih-Khan E, Jiang
H, Franke N, Kukreti V, Tiedemann R, Trudel S, Re-
ece D, Chen CI. Efficacy, toxicity and mortality of
autologous SCT in multiple myeloma patients with
dialysis-dependent renal failure. Bone Marrow Trans-
plant. 2015 Jan;50(1):95-9. doi: 10.1038/bmt.2014.226.
7. Selby PJ, McElwain TJ, Nandi AC, Perren TJ, Powles
RL, Tillyer CR, Osborne RJ, Slevin ML, Malpas JS.
Multiple myeloma treated with high dose intravenous
melphalan. Br J Haematol. 1987 May;66(1):55-62. doi:
10.1111/5.1365-2141.1987.tb06890.x.

8. Cunningham D, Paz-Ares L, Milan S, Powles R,
Nicolson M, Hickish T, Selby P, Treleavan J, Viner

97



Turk J Int Med 2023;5(2):92-98

Mel-200 Or Mel-140 , Which One Is More Advantageous?

C, Malpas J, et al. High-dose melphalan and autol-
ogous bone marrow transplantation as consolidation
in previously untreated myeloma. J Clin Oncol. 1994
Apr;12(4):759-63. doi: 10.1200/JC0O.1994.12.4.759.

9. Sarosy G, Leyland-Jones B, Soochan P, Cheson
BD. The systemic administration of intravenous mel-
phalan. J Clin Oncol. 1988 Nov;6(11):1768-82. doi:
10.1200/JCO.1988.6.11.1768.

10. Alberts DS, Chang SY, Chen HS, Moon TE, Ev-
ans TL, Furner RL, Himmelstein K, Gross JF. Kinet-
ics of intravenous melphalan. Clin Pharmacol Ther.
1979 Jul;26(1):73-80. doi: 10.1002/cpt197926173.

11. Bosanquet AG, Gilby ED. Pharmacokinetics of oral
and intravenous melphalan during routine treatment
of multiple myeloma. Eur J Cancer Clin Oncol. 1982
Apr;18(4):355-62. doi: 10.1016/0277-5379(82)90006-2.
12. Osterborg A, Ehrsson H, Eksborg S, Wallin I,
Mellstedt H. Pharmacokinetics of oral melphalan in
relation to renal function in multiple myeloma pa-
tients. Eur J Cancer Clin Oncol. 1989 May;25(5):899-
903. doi: 10.1016/0277-5379(89)90138-7..

13. Auner HW, Iacobelli S, Sbianchi G, Knol-Bout
C, Blaise D, Russell NH, Apperley JF, Pohlreich D,
Browne PV, Kobbe G, Isaksson C, Lenhoff S, Scheid
C, Touzeau C, Jantunen E, Anagnostopoulos A, Yak-
oub-Agha I, Tanase A, Schaap N, Wiktor-Jedrzejczak
W, Krejci M, Schonland SO, Morris C, Garderet L,
Kroger N. Melphalan 140 mg/m2 or 200 mg/m2 for
autologous transplantation in myeloma: results from
the Collaboration to Collect Autologous Transplant
Outcomes in Lymphoma and Myeloma (CALM)
study. A report by the EBMT Chronic Malignancies
Working Party. Haematologica. 2018 Mar;103(3):514-
21. doi: 10.3324/haematol.2017.1813309.

14. Zelenetz AD, Abramson JS, Advani RH, An-
dreadis CB, Byrd JC, Czuczman MS, Fayad L, Fore-
ro A, Glenn MJ, Gockerman JP, Gordon LI, Harris
NL, Hoppe RT, Horwitz SM, Kaminski MS, Kim
YH, Lacasce AS, Mughal TI, Nademanee A, Porcu
P, Press O, Prosnitz L, Reddy N, Smith MR, Sokol L,
Swinnen L, Vose JM, Wierda WG, Yahalom J, Yunus
F. NCCN Clinical Practice Guidelines in Oncology:
non-Hodgkin’s lymphomas. J Natl Compr Canc Netw.
2010 Mar;8(3):288-334. doi: 10.6004/jnccn.2010.0021.
15. Augeul-Meunier K, Chretien ML, Stoppa AM,

Karlin L, Benboubker L, Diaz JMT, Mohty M, Yak-
oub-Agha I, Bay JO, Perrot A, Bulabois CE, Huynh
A, Mercier M, Frenzel L, Avet-Loiseau H, de Latour
RP, Cornillon J. Extending autologous transplanta-
tion as first line therapy in multiple myeloma patients
with severe renal impairment: a retrospective study
by the SFGM-TC. Bone Marrow Transplant. 2018
Jun;53(6):749-755. doi: 10.1038/s41409-018-0122-8.
16. Munshi PN, Vesole D, Jurczyszyn A, Zaucha JM,
St Martin A, Davila O, Agrawal V, Badawy SM, Bat-
tiwalla M, Chhabra S, Copelan E, Kharfan-Dabaja
MA, Farhadfar N, Ganguly S, Hashmi S, Krem MM,
Lazarus HM, Malek E, Meehan K, Murthy HS, Nishi-
hori T, Olin RL, Olsson RF, Schriber J, Seo S, Shah G,
Solh M, Tay J, Kumar S, Qazilbash MH, Shah N, Hari
PN, D’Souza A. Age no bar: A CIBMTR analysis of
elderly patients undergoing autologous hematopoiet-
ic cell transplantation for multiple myeloma. Cancer.
2020 Dec 1;126(23):5077-87. doi: 10.1002/cncer.33171.
17. Grazziutti ML, Dong L, Miceli MH, Krishna SG,
Kiwan E, Syed N, Fassas A, van Rhee F, Klaus H,
Barlogie B, Anaissie EJ. Oral mucositis in myelo-
ma patients undergoing melphalan-based autologous
stem cell transplantation: incidence, risk factors and a
severity predictive model. Bone Marrow Transplant.
2006 Oct;38(7):501-6. doi: 10.1038/sj.bmt.1705471.

18. Tricot G, Alberts DS, Johnson C, Roe DJ, Dorr
RT, Bracy D, Vesole DH, Jagannath S, Meyers R,
Barlogie B. Safety of autotransplants with high-dose
melphalan in renal failure: a pharmacokinetic and
toxicity study. Clin Cancer Res. 1996 Jun;2(6):947-52.
19. Hussain S, Browne R, Chen J, Parekh S. Lenalido-
mide-induced severe hepatotoxicity. Blood. 2007 Nov
15;110(10):3814. doi: 10.1182/blood-2007-06-097758.
20. Zanella MC, Rubbia-Brandt L, Giostra E, Chalan-
don Y, Hadengue A, Spahr L. A case of drug-induced
hepatitis due to lenalidomide. Case Rep Gastroenter-
ol. 2011 Apr 13;5(1):217-22. doi: 10.1159/000326935.
21. Jain P. Lenalidomide-induced acute liver failure.
Blood Transfus. 2009 Oct;7(4):335-6; author reply
337. doi: 10.2450/2009.0086-09.

22. Hussein MA. Lenalidomide: patient manage-
ment strategies. Semin Hematol. 2005 Oct;42(4 Suppl
4):S22-5. doi: 10.1053/j.seminhematol.2005.10.003.

@ @@@ This is an open access article distributed under the terms of Creative Common
Attribution-NonCommercial-NoDerivatives 4.0 International License.

98



TURKISH JOURNAL OF INTERNAL MEDICINE

Original Article

ISSN:2687-4245

Risk Factors and Outcomes for Carbapenem-resistant Klebsiella
Pneumoniae Infection in Haematological Patients

Selda KAHRAMAN! ** | Gulfem ECE? = | Seckin CAGIRGAN?

"Department of Hematology, Medicana [zmir Hospital, [zmir, Turkey
Department of Medical Microbiology, Izmir University of Economics, School of Medicine, Medicalpoint Izmir Hospital,
[zmir, Turkey

*Department of Hematology, Izmir University of Economics, School of Medicine, Medicalpoint Izmir Hospital, Izmir, Turkey

ABSTRACT
Background Prolonged hospitalization, prolonged neutropenia, and immunosuppressive treatments increase
bloodstream infections in haematological patients. Identifying risk factors for carbapenem-resistant Klebsiella
pneumoniae (CRKP) infection will shed light on controlling the spread of CRKP. Our retrospective study
aimed to determine the clinical features, antimicrobial susceptibility, and mortality risk factors of patients
who developed CRKP in patients followed up for haematological cancer in the Izmir University of Economics
Haematology Department.
Material and Methods 19,170 blood-urine-sputum cultures were delivered from the patients, 1,595 (8.31%)
of which presented growth. CRKP comprised 302 (1.57%) of such growth cases. The study included 72
patients with haematological malignancy who presented CRKP growth in 302 cultures obtained during the
neutropenic fever period.
Results The mean age of patients was 51 (18-75 years). Acute myeloid leukaemia was the most common
disease (n: 26, 36.11%). As to the antibiotic sensitivity of CRKP, 44 patients (61.1%) were colistin sensitive, 28
patients (38.9%) were colistin-resistant, 47 patients (65.3%) were tigecycline sensitive/medium sensitivity, 25
patients (34.7%) were tigecycline resistant, there was no statistically significant difference between antibiotic
sensitivities and survival.
Conclusions Today, early detection of CRKP colonization in high-risk haematological patients, taking
rectal culture, and if the patient presents rectal colonization of CRKP or had CRKP bacteremia during
prior hospitalizations, early initiation of treatment with antibiotics acting against CRKP during NPF would
significantly reduce mortality.
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INTRODUCTION

In recent years, total life expectancy in haematologi-
cal patients has been extended by the development of ef-
fective chemotherapy treatments, increased frequency of
autologous and allogeneic stem cell transplantation, and
improved supportive treatments. However, prolonged
hospitalization, long neutropenia time, invasive medical
procedures and repeated intensive immunosuppressive
treatments increase bloodstream infections.! The fre-
quency of bloodstream infection among cancer patients
varies between 11% and 38%, and the mortality rate rises
to 40%.> Carbapenems (meropenem or imipenem/cilas-
tatin) are used in the first place in hemodynamically un-
stable patients with neutropenic fever, comorbid diseases,
and neutrophil < 100/mm3.>* The use of long-term car-
bapenem increases the prevalence of meropenem-resis-
tant gram-negative bacteria. Multi-drug-resistant (MDR)
gram-negative bacteria are reported at an increasing rate
in many countries worldwide.’ The most frequently iso-
lated factor in carbapenem-resistant bacterial infections
is Klebsiella pneumoniae.® Carbapenem-resistant Klebsi-
ella pneumoniae (CRKP) is one of the nosocomial patho-
gens that can cause outbreaks where high mortality rates
are observed and frequently isolated, especially from in-
tensive care patients.” CRKP bacteremia is also a bacteri-
um with increasing prevalence and can cause significant
morbidity and mortality in immunosuppressed patients.
In this group of patients, prolonged use of broad-spec-
trum antibiotics during neutropenic fever increases the
frequency of colonization of MDR gram-negative bacte-
ria in different body parts.

The control and treatment of CRKP is a critical
problem worldwide and in Turkey.* CRKP’s MDR and
limited antibiotic responsiveness reduce the chances of
treatment.*'° The optimal treatment approach for En-
terobacteriaceae infections with carbapenem-resistance
has not yet been determined. Treatment options for En-
terobacteriaceae infections resistant to carbapenem in-
clude polymyxin B, colistin, tigecycline, fosfomycine,
aminoglycosides and ceftazidime-avibactam." With its
bactericidal effect depending on concentration and abil-
ity to reach an adequate concentration in serum, colistin
represents an important treatment option, especially in
CRKP infections in blood circulation.'” With the wide-
spread use of colistin, colistin-resistance has increased."*"*
Determining the risk factors for CRKP infection will
shed light on controlling the spread of CRKP. In patients
with a haematological malignancy, there is limited infor-
mation on the epidemiology of Klebsiella pneumoniae

bacteremia, development risk factors, and disease prog-
nosis. In our retrospective study, we aimed to identify the
clinical characteristics, laboratory findings, antimicrobi-
al sensitivities, disease development and mortality risk
factors of patients that developed CRKP among those
who have been followed up in the Izmir University of
Economics, Faculty of Medicine, Haematology Depart-
ment with haematological cancer, who received chemo-
therapy or underwent allogeneic or autologous stem cell
transplantation.

MATERIAL AND METHODS

In this retrospective study, among the patients
who were hospitalized and followed up at the Hae-
matology Clinic and Bone Marrow Transplantation
Unit of Izmir University of Economics, Faculty of
Medicine from 1 January 2015 to 31 August 2019,
the patients who presented single or repeated CRKP
growth through the neutropenic period in catheter
and/or peripheral blood, urine and sputum cultures
were included. The characteristics of patients, epide-
miological and clinical findings, underlying diseases,
antimicrobial susceptibility profiles, laboratory find-
ings, and additional interventional procedures were
evaluated. The ethics committee approved the study.
No informed consent was received from patients due
to the study’s retrospective design.

Microbiological tests

When the axillary fever of neutropenic patients
was >38 °C, the patients’ catheter, peripheral blood,
urine cultures and sputum cultures (if they presented
sputum) were taken. (BACTECTM FX 200, Becton
Dickinson). The bacterial identification and antibiotic
susceptibility tests were performed with a microflex-
TM LT/SH mass spectrometer (Bruker Daltonik, Bre-
men, Germany) and a VITEK® system (bioMérieux,
Hazelwood, MO, USA) according to the manufactur-
er’s instructions. Cefazolin, cefoperazone-sulbactam
and tigecycline were determined by the Kirby-Bauer
disk diffusion method.

Definitions

It was defined by the Infectious Diseases Society
of America.l5 This definition defines fever as an axil-
lary temperature of at least 38.3 °C measured at once
or above 38 °C continuing for more than an hour. Lat-
er, body temperature rising to 38 °C and above twice
within 12 hours was added to this definition. Accord-
ing to the 2003 guidelines of the Febrile Neutropenia

100



Turk J Int Med 2023;5(2):99-108

Carbapenem-resistant klebsiella pneumoniae in hematological patients

Working Group in our country, neutropenic fever is
defined as orally measured body temperature > 38.3
°C at once or >38 °C for more than one hour in neu-
tropenic patients.16 Neutropenia is when the absolute
number of neutrophils is less than 500/mm?® or the
number of neutrophils initially less than 1,000/mm3
drops to 500/mm?* or less within 24-48 hours. Sep-
tic shock is defined as the condition in which systolic
blood pressure is < 90 mmHg for a patient with fever
or the need to use inotropic agents to maintain blood
pressure at normal levels.

Klebsiella pneumoniae bacteremia was diagnosed
when at least one of the blood sample cultures was
positive for Klebsiella pneumoniae. Empirical antibi-
otic therapy was considered appropriate if at least one
drug was active against the strain of Klebsiella pneu-
moniae (as determined by in vitro susceptibility tests).
Antibiotic susceptibility was determined according to
the Clinical and Laboratory Standards Institute 2015
recommendations.”” MDR was defined as non-suscep-
tible to at least one agent in > 3 antimicrobial catego-
ries, according to Magiorakos et al."® Initial treatment
for patients with neutropenic fever starts with mero-
penem treatment. Then, after CRKP growth, amino-
glycosides, colistin and tigecycline were added to the
treatment with antibiotics administered according to
the antibiogram. If the patient had CRKP infection
in previous neutropenic fever periods or rectal CRKP
colonization, combined antibiotic therapy was started
without waiting for culture in resistant fever.

Statistical Analysis

The data were expressed as mean+SD for normally
distributed continuous variables, median (minimum:-
maximum) for skew-distributed continuous variables,
and frequencies for categorical variables. Pearson’s
chi-square test was performed to compare the categor-
ical variables. ANOVA compared means of normally
distributed continuous variables. The Mann-Whitney
U test compared skew-distributed continuous vari-
ables. Cox regression analysis was used for multivar-
iate analyses. The Statistical Package for Social Sci-
ences (SPSS) for Windows version 15.0 (SPSS Inc.,
Chicago) was used for the analysis, and a two-sided
p - value of <0.05 was considered significant.

RESULTS

Patient Characteristics
Nineteen thousand one hundred seventy blood-

urine-sputum cultures were delivered from the pa-
tients hospitalized at Izmir University of Economics,
Medicalpark Hospital, Clinic of Haematology and
Bone Marrow Transplantation Unit, 1,595 (8.31%)
of which presented growth. CRKP comprised 302
(1.57%) of such growth cases. The study included 72
patients with haematological malignancy who pre-
sented CRKP growth in 302 cultures obtained during
the neutropenic fever (NPF) period. Table 1 showed
the basic characteristics of 72 patients. The mean age
of patients was 51 years (range: 18-75); 50 (69.44%) of
them were male, and 22 (30.56%) were female. Acute
myeloid leukaemia (AML) was the most common dis-
ease (n: 26, 36%). Other diseases were acute lympho-
blastic leukaemia (n:18, 25%), non-Hodgkin lympho-
ma (n: 18, 25%), multiple myeloma (n: 5, 7%), aplastic
anaemia (n: 3, 4.16%) and myelodysplastic syndrome
(n: 2, 2.84%).

When patients are examined, CRKP growth was
observed in 41 patients (56.95%) during remission
induction treatment, 9 (12.5%) during consolidation
treatment, 7 (9.72%) during peripheral hematopoietic
stem cell transplantation, 12 (16.66%) during alloge-
neic stem cell transplantation, and 3 (4.17%) during
hospitalization for acute graft versus host disease
(GVHD) treatment. While 47 (65.28%) patients pre-
senting growth had a treatment-resistant disease, 25
(34.72%), patients were in remission. Eight patients
received the first remission induction, 16 received the
second, 12 received the third, 7 received the fourth,
one received the fifth, and three received the sixth
induction treatments with resistant diseases. Ten pa-
tients had related allogeneic stem cell transplantation,
and six underwent unrelated transplantation. Six of
the patients with allogeneic transplants underwent
transplantation with resistant disease. Six patients had
CRKP rectal colonization while undergoing allogene-
ic transplantation, 12 presented CRKP growth during
chemotherapy, and 4 presented it during hospitaliza-
tion for acute GVHD treatment. CRKP growth was
detected in the first month of transplantation in 11 pa-
tients, 30-100 days in 3 patients and 100-365 days in
2 patients. Acute GVHD developed in 6 of 15 patients
during the follow-up. Five patients were treated with
methylprednisolone, and cyclosporine, while one was
treated with multiple immunosuppressive treatments
(methylprednisolone, mycophenolate mofetil, tacroli-
mus, and mesenchymal stem cell infusion).

Eight of the ten patients with allogeneic transplants
from sibling donors who had CRKP growth during
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Table 1. Characteristics of patients and their impact on survival.

Parameters Subgroup Survival P value v
Live Exitus

Gender Woman 6 16 0.815 0.055
Man 15 35

Diagnosis Acute myeloid leukaemia* 3 23 0.003 17.743
Acute lymphoblastic leukaemia 4 14
non-Hodgkin lymphoma 7 11
Multiple myeloma 5 0
Myelodysplastic syndrome 1 1
Aplastic anemia 1 2

Amikacin Sensitive 2 15 0.125%* 3.262
Resistant 19 36

Colistin Sensitive 13 31 0.929 0.008
Resistant 8 20

Tigecycline Sensitive 5 14 0.613 0.979
Medium sensitivity 10 18
Resistant 6 19

Meropenem Resistant 21 51 NC NC

Gentamicin Sensitive 2 10 0.489** 1.089
Resistant 19 41

Chemotherapy None 1 2 0.002 19.182
Remission induction* 7 34
Consolidation 4 2
Autologous SCT 6 1
Allogeneic SCT 3 9
GVHD treatment 0 3

Resistant disease No 12 13 0.010 6.575
Yes 9 38

Allogeneic transplantation None 18 38 0.577 1.101
Allo-sibling 2 8
Allo-unrelated 1 5

Prior transplantation No allo-autologous SCT 20 32 0.019 7.932
Allogeneic SCT 1 13
Autologous SCT 0 6

CRKP growth location Catheter blood 1 2 0.961 0.081
Peripheral blood 1 3
Catheter-peripheral blood 12 34

Quinolon oral prophylaxis None 5 8 0.504** 0.663
Positive 16 43

Use of meropenem No 1 4 1.000** 0.219
Yes 20 47

Use of meropenem in the last ~ No 2 6 1.000** 0.076

4 weeks Yes 19 45

Neutrophil during infection 500-700/mm? 4 4 0.332 2.205
<100-500/mm? 16 42
<100/mm3 1 5

Transferred from another No 12 21 0.217 1.527

centre Yes 9 30

Hospitalization at ICU No 20 46 0.664** 0.495
Yes 1 5

Invasive procedure Non-catheter 2 10 0.488** 0.944
Catheter 18 41

Mucositis Grade 1-2 19 43 0.713** 0.472
Grade 3-4 2 8

Prior NPF colonization None 15 45 0.095%* 3.025
Positive 6 6

Prior NPF bacteremia None 15 46 0.131** 2.742
Positive 5 5

CRKP bacteremia 30-day None 21 3 <0.001 59.294

mortality Positive 0 48
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Continuation of Table 1

Parameters Subgroup Survival P value 1
Live Exitus

Empirical treatment M 0 1 0.243 9.142
M-A 1 0
M-A-C 0 3
M-A-C-T 13 28
M-G-C-T 3 5
M-C-T 2 13
M-C 1 1
M-T 1 0

IPA None 17 37 0.454 0.560
Positive 4 14

IPA Treatment None 7 17 0.894 0.613
Caspofungin 11 25
Voriconazole 1 4
Liposomal amphotericin B 2 7

Colonization at hospitalization =~ Unexamined 7 30 0.685%* 0.286
None 10 13
Positive 6 6

GVHD None 19 43 0.662%* 0.515
Acute GVHD 1 5

Immunosuppressive treatment No 16 32 0.322 0.980
Yes 4 15

Septic shock None 13 3 <0.001** 27.011
Positive 8 48

Inhaler treatment None 17 32 0.132 2.268
Positive 4 19

Mechanical ventilation None 20 20 <0.001 18.908
Positive 1 31

Cause of death Other 21 38 0.011%** 7.430
Klebsiella bacteremia 0 13

P < 0.05 was considered significant and * indicates significant subgroup. Pearson's Chi-Square and **Fisher's Exact Chi-Square tests
were used. NC: not calculated. SCT: stem cell transplantation, GVHD: Graft versus host disease, CRKP: carbapenem-resistant Klebsiella
pneumoniae, ICU: intensive care unit, NPF: neutopenic fever, M: meropenem, A: amikacin, G: gentamisin, C: colistin, T: tigecycline,

IPA: invasive pulmoner aspergillosis.

hospitalization and 5 of the six patients with unrelat-
ed transplants were lost at the follow-up. Six of the
lost patients with allogeneic transplants underwent
transplantation with resistant disease. Twelve patients
(16.7%) presented rectal CRKP colonization; ten pa-
tients (14.1%) had CRKP bacteremia in previous NPF
periods. The patients presenting growth were hospital-
ized five times on average (1 to 12 times), 39 patients
(54.2%) were transferred to our hospital from anoth-
er clinic, and six patients (8.3%) stayed in the inten-
sive care unit. Sixty patients (83.3%) had a temporary
central venous catheter. The most common invasive
procedure for patients was the insertion of the tempo-
rary central venous catheter, and other less frequent
methods were shown in Table 2. CRKP growth was
detected in the catheter and peripheral blood cultures
in 47 patients (65.28%), peripheral blood culture only
in 4 patients (5.5%), and catheter blood culture only in
4 patients (5.5%) (Table 3). On average, CRKP growth
was observed to be 1.94 (1-6) for peripheral blood cul-
ture and 1.73 (1-5) for catheter blood culture. It was

observed that 64 patients (88.9%) with growth have
been receiving meropenem in the last four weeks, 67
patients took meropenem due to NPF (93.1%) during
growth, while 60 patients (83.3%) received quinolone
prophylaxis. On average, they took meropenem for
9.05 days between 0-30 days.

Considering the empirical antibiotic treatments
given to this patient group, 41 patients (56.94%) re-
ceived meropenem, amikacin, colistin, and tige-
cycline in combination, 15 (20.83%) meropenem,
colistin, tigecycline and eight patients (11.1%) took
meropenem, gentamycin, colistin treatment (Table 1).

As to the antibiotic sensitivity of CRKP, 44 pa-
tients (61.1%) were colistin sensitive (31 patients lost
on follow-up, 84%), 28 patients (38.9%) were colis-
tin-resistant (20 patients lost on follow-up, 71%), 47
patients (65.3%) were tigecycline sensitive/medium
sensitivity (32 patients lost, 65%), 25 patients (34.7%)
were tigecycline resistant (19 patients lost, 76%), 17
patients (23.61%) were amikacin sensitive (15 patients
lost, 88%), 55 patients (76.39%) were amikacin resis
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Table 2. Distribution of 72 invasive procedures

applied to patients.

Procedure n (%)
Central and venous catheter 60 (83.2)
Endoscopy-colonoscopy 2 (2.8)
Rectal abscess drain 2(2.8)
Abdomen exploration 2(2.8)
Splenectomy 1(1.4)
Bronchoscopy 1(1.4)
Prostate abscess drain 1(1.4)
Pancreas cyst drain 1(1.4)
No procedure 2(2.8)
Table 3. CRKP growth locations.

Locations n (%)
Catheter-peripheral blood culture 47 (65.28)
Blood-urine culture 6 (8.3)
Sputum-blood culture 6(8.3)
Catheter blood culture 4(5.5)
Peripheral blood culture 4(5.5)
Urine culture 3(4.32)
Sputum culture 1(1.4)
Catheter-peripheral blood and BOS culture 1(1.4)

tant (36 patients lost, 65%), 12 patients (16.7%) were
gentamicin sensitive (10 patients lost, 83%), 60 pa-
tients (83.3%) were gentamicin resistant (41 patients
lost, 68%); and there was no statistically significant
difference between antibiotic sensitivities and surviv-
al (Table 4).

Rectal swabs were taken from patients during hos-
pitalization as of January 2018. According to the hos-
pitalization data of 72 patients with CRKP growth, it
was observed that no rectal swab was taken from 37
patients, while rectal swabs were taken from 35 pa-
tients. Rectal colonization was detected in 12 patients,
six patients with rectal colonization survived, but six
patients were lost.

During the CRKP growth, 38 patients (52.8%) had
grade 1-2 mucositis, ten patients (13.9%) had grade 3-4
mucositis, and 24 patients (33.3%) had no mucositis.
Among the patients with CRKP growth, 54 patients

Table 4. CRKP antibiotic sensitivity.

(75%) had no invasive pulmonary aspergillosis (IPA),
while 12 patients (16.7%) presented probable and six
patients (8.3%) presented proven IPA at that time of
hospitalization. Ten patients received liposomal am-
photericin B. Six patients received voriconazole, 36
received caspofungin, and 20 had no antifungal.

Among the patients with CRKP growth, 23 pa-
tients (31.9%) had steroids and beta-agonist, and 32
(44.4%) were followed up with ventilator support. In
the follow-up, 48 patients (66.7%) died in the first 30
days after CRKP growth, and 51 (70.83%) died in
60 days. A total of 13 patients (18.05%) died due to
CRKP bacteremia, 35 patients (48.61%) were lost due
to disease progression and CRKP infection, while
three patients (4.16%) were lost due to GVHD and
disease progression.

Factors influencing survival were shown in Table
1. Given the factors influencing survival, the mortali-
ty rates of patients diagnosed with AML (p = 0.003),
patients treated with remission induction treatment (p
=0.002), patients with the resistant disease (p = 0.01),
patients who underwent allo- or autologous transplan-
tation (p = 0.019), patients who developed septic shock
(p <0.001) and those conditioned to mechanical ven-
tilation (p < 0.001) had significantly higher mortality
rates. No significant relation was detected between
mortality and sex, antibiotic sensitivity, allotransplan-
tation, disease status at the time of transplantation,
use of meropenem during growth, use of levofloxacin,
neutrophil count during infection, stay in the inten-
sive care unit, transfer from another centre, invasive
procedure, empirical treatment, bacteremia during
former neutropenic fever, colonization during former
neutropenic fever, development of IPA, rectal coloni-
zation at the time of transplantation, GVHD or use of
immunosuppressive treatment (p > 0.05).

DISCUSSION
The present study aimed to identify the clinical char-

acteristics, laboratory findings, antimicrobial sensi-
tivities, disease development and mortality risk fac-

Antibiotics Sensitive Medium sensitive Resistant
frequency n (%) frequency n (%) frequency n (%)
Gentamicin 12 (16.7) 0 60 (83.3)
Amikacin 17 (23.6) 0 55(76.4)
Colistin 44 (61.1) 0 28 (38.9)
Tigecycline 19 (26.38) 28 (38.9) 25 (34.72)
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tors of patients that developed CRKP among those
with haematological patients who received chemo-
therapy or underwent allogeneic or autologous stem
cell transplantation. The prevalence of CRKP varies
depending on geography. The prevalence in China is
around 10%, while it rises to 60% in India."” The prev-
alence of CRKP is increasing, given the studies on
patients with haematological malignancy. In a review
of 30 studies from 21 countries to determine the glob-
al prevalence of carbapenem-resistant infections, car-
bapenem resistance was 9% on average, ranging be-
tween 2-53%. On the other hand, CRKP strains have
been identified at a higher rate in countries such as
Italy, Greece and Israel, and these regions have been
identified as endemic areas.*

In this study, gram-negative bacteria growth was
detected in 1,519 (8.31%) of 19,179 blood-urine-spu-
tum cultures taken from patients hospitalized in the
Haematology and Bone Marrow Transplantation Unit
of our hospital for more than four years between 2015-
2019. Among them, 302 cases (1.57%) were CRKP.
In the retrospective 5-year data of a single centre,
published by Kara et al.*!, bloodstream infection was
14.5%. Gram-negative bacteria accounted for 2% of
the CRKP growth. In a study by Trecarichi et al.10 in-
volving thirteen Haematology centres in Italy, CRKP
accounted for 161 (57.9%) of the 278 cases of Kleb-
siella pneumoniae growth, isolated between January
2010 and June 2014, 117 (42.1%) of them was mero-
penem-sensitive Klebsiella pneumoniae (MSKP); 84
out of 161 (52.2%) meropenem-resistant patients and
17 out of 117 (14.5%) patients with MSKP growth died
in 21 days (p < 0.001). Septic shock, acute respirato-
ry failure, inadequate initial antimicrobial treatment
and carbapenem resistance were associated with mor-
tality as an independent risk factor. In the present
study, during the follow-up, 48 patients (66.7%) died
in the first 30 days after CRKP growth, and 51 pa-
tients (70.83%) died in 60 days. A total of 13 patients
(18.05%) died due to CRKP bacteremia, 35 patients
(48.61%) were lost due to disease progression and
CRKP infection, while three patients (4.16%) were
lost due to GVHD and disease progression. In hae-
matology patients, risk factors for the development of
CRKP infection were found to include age > 50 years,
especially male sex, AML patients, relapse or refrac-
tory leukaemia, long-term hospitalized patients, long-
term neutropenia, rectal CRKP colonization, prior
CRKP bacteremia, patients with a central catheter or

urinary catheterization.”*

Given the factors influencing survival after CRKP
infection in our study, the mortality rates of patients
diagnosed with AML (p = 0.003), patients treated
with remission induction treatment (p = 0.002), pa-
tients with the resistant disease (p = 0.01), patients
who underwent allo- or autologous transplantation
(p = 0.019), patients who developed septic shock (p
< 0.001) and those conditioned to mechanical venti-
lation (p < 0.001) had significantly higher mortality
rates. No significant relation was detected between
mortality and sex, antibiotic sensitivity, allotrans-
plantation, disease studies at the time of transplanta-
tion, use of meropenem during growth, use of levo-
floxacin, neutrophil count during infection, stay in
the intensive care unit, transfer from another centre,
invasive procedure, empirical treatment, bacteremia
during former neutropenic fever, colonization during
former neutropenic fever, development of IPA, rectal
colonization at the time of transplantation, GVHD or
use of immunosuppressive treatment (p > 0.05). The
high mortality rates of patients included in the study
were associated with the high number of patients with
relapsed refractory haematological malignancy and
those diagnosed with AML. In a study in which we ex-
amined the infections developed by 199 patients who
underwent allogeneic stem cell transplantation during
219 transplants from November 2012 to July 2018,
9 patients presented CRKP. One patient had MSKP
growth in the catheter and peripheral blood cultures,
seven had CRKP, and four had MSKP growth in urine
cultures. Two patients had CRKP, and one had MSKP
growth in sputum cultures. Five patients were lost due
to CRKP sepsis during the follow-up of patients with
MRKP growth. Three of them presented resistance to
colistin and tigecycline. Colistin and tigecycline resis-
tance were detected in 20% of the patients.?

A comparison of the data of the two studies re-
vealed that colistin and tigecycline resistance in-
creased over time, which indicates that colistin resis-
tance rises over the years and shows a high rate of
dispersion.

In haematological patients, the CRKP colonization
rate is 3.8% in Italy, while in India, it increases up to
21%. It was observed that 14% of the colonized pa-
tients developed bloodstream infections with the same
bacteria.”** In a study conducted by Micozzi et al.*
on haematological patients at Sapienza University of
Rome, CRKP rectal colonization was detected in 22
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out of 373 patients from January 2014 to September
2014, 12 (64%) of which developed bacteremia; while
rectal colonization was detected in 14 out of 131 ini-
tial patients, those patients were then isolated, rectal
culture was started to be taken every week, and col-
onization rate continuously decreased in subsequent
hospitalizations. Rectal colonization was detected in
5 of the 242 patients hospitalized after the rectal cul-
ture started to be taken routinely (p = 0.001). 14 (58%)
of the 22 patients with rectal colonization developed
bacteremia, and all had AML (p = 0.02). Bacteremia
grew in the neutropenic period in 86% of the patients.
Ten of the 14 patients who developed bacteremia died
in the follow-up, all of whom had AML. Initial ade-
quate antibiotic therapy resulted in the only indepen-
dent factor to protect against death (p = 0.02). The
researchers claimed that starting initial antibiotics
for patients with rectal CRKP during NPF based on
CRKP culture antibiogram colonization would re-
duce mortality.?® The present study included patients
admitted to the Haematology service between Janu-
ary 1, 2015, and August 31, 2019. Rectal swabs were
taken from patients during hospitalization as of Janu-
ary 2018. According to the hospitalization data of 72
patients with CRKP growth, it was observed that no
rectal swab was taken from 37 patients, while rectal
swabs were taken from 35 patients. Rectal coloniza-
tion was detected in 12 patients, six patients with rec-
tal colonization survived, but six patients were lost.
In a study by Micozzi et al.26, the colistin sensitiv-
ity was 50% (12/22), and tigecycline sensitivity was
27% (6/22), while all patients were gentamicin resis-
tant (0/22). After the documentation of CRKP infec-
tion, patients are usually administered combination
treatments. Tigecycline/amikacin/colistin, colistin/
tigecycline/gentamicin and colistin/tigecycline/mero-
penem combinations are used. However, some studies
reported a synergic effect against carbapenem-resis-
tant bacteria in in vitro environments?’?°, while other
studies did not show such a synergic effect.*

The late start of the combination treatment is one of
the key factors affecting mortality.27,28 In the present
study, 41 patients (56.94%) were given a combination
of meropenem, amikacin, colistin and tigecycline;
15 patients (20.83%) received meropenem, colistin,
tigecycline, and eight patients (11.1%) had meropen-
em, gentamicin, colistin and tigecycline. Other pa-
tients received single or double antibiotics (11.13%).
Combination therapy with three or four antibiotics is
recommended in CRKP infections. 88.87% of our pa-

tients used triple or quadruple combination antibiotic
therapy as recommended. Treatment was directed ac-
cording to the antibiotic susceptibility obtained as a
result of the cultures. Therefore, our study found no
statistical significance between antibiotic susceptibil-
ity and mortality.

CONCLUSIONS

Currently, carbapenems are used empirically as
part of the first line of treatment during neutropenic
fever in patients with haematological malignancy.
The widespread use of carbapenems is one of the crit-
ical factors in the increase of carbapenem-resistant
strains. Today, early detection of CRKP colonization
in high-risk haematological patients (e.g. patients with
AML who receive remission-induction treatment, pa-
tients with relapsed refractory AML, or patients to
undergo allogeneic or autologous bone marrow trans-
plantation), taking rectal culture as a routine proce-
dure during hospitalization, and if the patient presents
rectal colonization of CRKP or had CRKP bacteremia
during prior hospitalizations, early initiation of treat-
ment with combined antibiotics acting against CRKP
during NPF (meropenem, aminoglycoside, colistin
and tigecycline) would significantly reduce mortality.
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Hairy Cell Leukemia Patients: Do We Still Need Intravenous
Cladribine?

Tuba ERSAL * | Fahir OZKALEMKAS * , Vildan OZKOCAMAN * | Ibrahim Ethem PINAR ',
Cumali YALCIN * , Bedrettin ORHAN ' | Omer CANDAR *“ , Sinem CUBUKCU ** |, Tuba GULLU
KOCA ', Ridvan ALI.

Division of Hematology, Department of Internal Medicine, Bursa Uludag University, Faculty of Medicine, Bursa, Turkey

ABSTRACT
Background Hairy cell leukaemia (HCL) is an uncommon neoplasm representing approximately 2%
leukaemias and < 1% lymphoid neoplasms. Although HCL remains an incurable disease, first-line treatment
with intravenous (I'V) or subcutaneous (SC) cladribine (2-CdA) often leads to long-term remissions. Although
long-term data are available for I'V administration, similar comparable data for SC administration are lacking.
Material and Methods Demographic data, laboratory and clinical parameters of 20 patients with HCL, and
I'V and SC administrations of cladribine in primary treatment were analyzed.
Results All patients were administered 2-CdA as the first-line therapy. 2-CdA was administered intravenously
to 11 patients and subcutaneously to 9 patients. The hospitalization times were shorter in the SC route, and
the incidence of febrile neutropenia was less; therefore, statistical significance could not be determined.
There was no difference between the route of administration and the treatment response. A correlation was
recorded between the level of anaemia before treatment and the time to treatment response. In addition, a
correlation was recorded between the level of anaemia before treatment and minimal residual disease status
after treatment. The median overall survival (OS) was 43.5 months (confidence interval 95%: 1.5-79 months),
and 2- and 5-year OS was 95%. There was no increase in the incidence of second primary cancer.
Conclusions The outcomes of HCL patients treated with SC 2-CdA are quite good, and, in most patients, one
cycle of SC 2-CdA was adequate for long-term disease control. SC 2-CdA is an easily applicable option for
outpatients, and their side effects are often easily manageable.
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INTRODUCTION

Hairy cell leukaemia (HCL) is an uncommon ma-
lignancy, representing approximately 2% of leukaemias
and < 1% of lymphoid neoplasms." The median age of
onset is 50-55 years. The male-female ratio is approx-
imately 4:1.>°* Most patients present with symptoms of
splenomegaly or cytopenia, fatigue, infection, and hem-
orrhagic signs.** These signs are usually not accompa-
nied by symptom B. Palpable splenomegaly is a classic
feature of HCL. Pancytopenia is present in 60-80% of
patients with HCL.?** Circulating tumour cells specific to
HCL are usually observed in the peripheral blood. Cy-
toplasmic slender protrusions give the cell a “hairy” ap-
pearance. Tartrate-resistant acid phosphate activity can
be demonstrated in any patient, although the proportions
of positive cells vary across patients. However, it is not
a specific finding for HCL. Hairy cells strongly express
pan-B cell antigens and typically express CDl1c, CD25,
CD103, CDI23 (bright), and cyclin DI (usually weak).
Annexin Al and BRAF V600E mutations are detect-
ed in approximately 75% of all HCL cases. Therefore,
it should be remembered that HCL, as in other indolent
lymphomas, cannot be cured. Asymptomatic patients are
not treated. If patients present with signs of disease or a
decrease in their haematological parameters, they should
be treated. In general, the haematological parameters
that indicate the need for treatment include at least one of
the following: haemoglobin (Hgb) 11 g/dL, thrombocyte
count 100,000/mL, or absolute neutrophil count 1000/
mL.%” Symptomatic splenomegaly may be an indication
for treatment. Nucleoside analogues, such as pentostatin
and cladribine, have been introduced recently and have
emerged as effective therapeutic options with promising
results.®? The first choice, in this case, is 2-chlorodeoxy-
adenosine (cladribine, 2-CdA). 2-CdA is administered
continuously through intravenous (IV) in most clinical
trials, and it is still used in several centres as the first-line
therapy for patients with HCL. However, although the
plasma half-life is short, 2-CdA accumulates in leukemic
cells and has a longer intracellular half-life, which makes
it feasible to adopt subcutaneous (SC) applications.1%!

Although a cure is not achieved through this ap-
proach, complete remission (CR) is achieved with Hgb >
11 g/dL (without transfusion), thrombocyte >100x10°/L,
neutrophil > 1.5x10°/L, morphologically undetectable
HCL cells in the peripheral blood and bone marrow, ab-
sence of organomegaly in physical examination, and the
absence of symptoms.'? Piro et al.® reported 11 CR and
one partial response (PR) for 12 patients with HCL who

were treated with a single 7-day course of 2-CdA. Other
studies have reported similar outcomes."*"* In 20-50% of
the HCL patients who achieved CR with 2-CdA treat-
ment, minimal residual disease (MRD) was subsequent-
ly demonstrated by immunohistochemical methods.1”®
Disease recurrence has been associated with MRD in
HCL.” If the response is inadequate or relapse occurs
before 12 months, alternative purine analogues may be
administered alone or in combination with rituximab,
rituximab alone, interferon administration, or via refer-
ral to clinical trials.”® Recently, vemurafenib, a BRAF
inhibitor, was applied in treating resistant and relapsing
HCL with significant outcomes.?’ The development of
recombinant immunotoxins targeting CD25 or CD22 is
ongoing.”>* In this study, we retrospectively analyzed
the demographic data, treatments, length of hospital stay,
treatment responses, complications, and survival rates of
20 patients with HCL who were diagnosed during 2015-
2021.

MATERIAL AND METHODS

Twenty patients diagnosed with HCL and followed
up at the Bursa Uludag University Hematology De-
partment Clinic between 2015 and 2021 were includ-
ed in the study. The inclusion criteria were patholog-
ical, flow cytometric, and morphologically confirmed
HCL diagnosis, treatment for HCL diagnosis, and age
> 18 years. Data on the clinical features of the pa-
tients, signs and symptoms at the time of presentation,
laboratory values at the time of diagnosis, imaging
and pathology reports, treatments applied, treatment
modalities (IV and SC), treatment responses, the
length of hospital stay, and the short- and long-term
complications were retrospectively reviewed.

The standard protocol at our centre was IV admin-
istration. However, we used SC when there was no [V
form. Then, we compared the outcomes with IV and
SC applications. No difference was recorded between
the groups regarding age, gender, spleen size, and lab-
oratory results. Accordingly, we did not change the
diagnosis, supportive treatment, or follow-up.

The treatment protocols in the studies included
0.14 mg/kg SC 2-CdA for five days or 0.1 mg/kg IV
2-CdA for seven days. In the study, the response eval-
uation was performed clinically and through the lab-
oratory, every two weeks, and a bone marrow biopsy
was performed approximately six months after the
treatment. Response measures were made as suggest-
ed by Grever’s consensus guidelines in 2017.12

Patients were classified as those with morpholog-
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ical evidence of disease, those with MRD+, or those
without any evidence of the disease. The morpholog-
ical illness was defined as lymphoid infiltrates that
could be identified on sections stained with hematoxy-
lin and eosin. MRD required the absence of lymphoid
infiltrates on the hematoxylin- and eosin-stained sec-
tions but the presence of HCL-specific B cells on flow
cytometry or an HCL-specific lymphoid infiltrate on
immunohistochemical staining alone. The samples
were considered to have no residual HCL evidence if
no lymphoid infiltrates were detected in the hematox-
ylin- and eosin-stained sections, < 5% CD20+ B lym-
phocytes, and no flow cytometric evidence of mono-
clonal B cells.

Statistical Analysis

Data were analyzed with IBM SPSS V23. Ka-
plan-Meier method was used for survival analysis. The
conformity to the normal distribution was evaluated
using the Shapiro-Wilk test. Categorical variables ac-
cording to groups Chi-square and Fisher’s Exact tests
were used for comparison. An independent two-sam-
ple t-test was applied to compare normally distributed
data according to paired groups. The Mann-Whitney
U test was performed to compare non-normally dis-
tributed data. The data were presented as the mean +
SD for quantitative data. Categorical data as deviation
and median (minimum: maximum) were presented as
frequency (percentage). The significance level was set
to p <0.05.

Table 1. Demographic and clinical characteristics of twenty patients.

Gender (Female/Male) 4/16
Age (years) 44.5 (30:78)
Clinical Presentation

Leukocytosis 3 (15)

Pancytopenia 14 (70)

Anemia, thrombocytopenia, bicytopenia 3 (15)
Blood values

Haemoglobin (g/dL) 10.4 (5.6-15)

Platelets (x10%/L) 61,000 (11,000-154,000)

Leukocytes (x10%/L) 2,550 (1,200-97,000)

Neutrophil (x10%/L) 755 (210-9,880)
Splenomegaly 14 (70)
Bone marrow reticulin fibrosis degree

4+/4 10 (50)

3+/4 7 (35)

Not evaluated 3(15)
Bone marrow cellularity

Hypercellular 10 (50)

Hypocellular 1(5)

Heterogeneous 9 (45)
Treatment

IV cladribine 11 (55)

SC cladribine 9 (45)
Control bone marrow

Normocellular 6 (30)

MRD cannot be excluded 7 (35)

Not done 7 (35)
Response status

Complete response 18 (90)

Partial response 1(5)

Could not be evaluated 1(5)
Overall survival (months) 43.5 (1.5:79)
Final status

Alive 19 (95)

Dead 1(5)

Data were expressed n (%) or median (min:max). [V: intravenous, SC: subcutaneous, MRD: minimal residual disease.
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RESULTS

The study population comprised 20 patients 4
women and 16 men). The most common complaint
was fatigue. At the time of admission, 14 of the pa-
tients had pancytopenia. Fourteen of the patients had
splenomegaly, and three of them were massive. The
peripheral blood values included moderate anaemia
(median Hgb 10.4 g/dL), thrombocytopenia (median
61x109/L), leukopenia (median 2.5x10%/L), and neu-
tropenia (median 0.755x10°/L). In bone marrow ex-
amination, cellularity was hypercellular in 10 patients
and reticulin fibrosis 4+/4 was detected. The demo-
graphic and clinical characteristics of the patients are
summarized in Table 1. All patients were purine an-
alogue naive at the time of inclusion. At study onset,
all patients showed indications for treatment due to
symptoms, peripheral cytopenia, and/or organomeg-
aly. 2-CdA monotherapy was administered to all pa-
tients as the first-line therapy. Granulocyte-colony
stimulating factor (G-CSF) was applied in the neutro-
penic period. 2-CdA was administered at the dose of
0.09 mg/kg in 11 patients via continuous infusion for
seven days and, in 9 patients, at the dose of 0.14 mg/
kg for five days via the SC route. A statistically sig-
nificant difference was recorded between the median
length of stay according to the cladribine groups (p =

0.003). While the median of the IV group was 22.0,
the median of the SC group was 0.0. In SC applica-
tion, the incidence of febrile neutropenia (FEN) was
lower (22.2% vs 54.5%), albeit not statistically signif-
icant. FEN developed in 8 patients during cladribine
treatment. While 6 of 8 patients who developed FEN
received cladribine by the IV route, two received
cladribine by the SC route. Culture positivity could be
detected in 5 of 8 patients, and infection-related ear-
ly mortality was observed in one patient. Reproduc-
tive characteristics of patients complicated with FEN
were given in Table 2. In addition, no correlation was
recorded between the level of neutropenia and FEN
and between neutropenia and the length of stay. There
was no difference between the route of administration
and the treatment response. Time to response was lon-
ger in patients with Hgb levels < 11 g/dL relative to
those with higher Hgb levels (median 30 vs 45 days) p
= 0.014). There was no correlation among the spleen
size, leukocyte, neutrophil, thrombocyte levels, and
response time.

In the statistical analysis performed on 13 patients
after excluding seven patients without a control bone
marrow biopsy, a significant correlation was found
between the Hgb level of < 11 g/dL and the group
in which MRD could not be excluded pathologically
(71% vs 28%) (p = 0.048). There was no correlation

Table 2. Culture characteristics of patients complicated with febrile neutropenia.

No Route  Culture  Culture  Isolated pathogens Antibiotherapy Duration Early
positivity site (days) mortality
1 v Absent - - Piperacillin 10 Absent
tazobactam-+metronidazole
2 v Present Blood Salmonella Cefepime+tciprofloxacin 14 Absent
enteritidis

3 v Absent - - Piperacillin 3 Absent

tazobactam+ciprofloxacin 7
Meropenem

4 v Present Blood Klebsiella Meropenem 36 Absent
pneumoniae Vancomycin 48

5 v Present ~ Wound Staphylococcus Piperacillin tazobactam 15 Present
aureus, Teicoplanin 20
Enterococcus Meropenem-+daptomycin 7
Jaecalis Colistin 16

6 v Absent - - Piperacillin tazobactam 10 Absent

7 SC Present Brain Aspergillus Liposomal Amphotericin B 30 Absent

abscess fumigatus

8 SC Present  Sputum Acinetobacter Piperacillin tazobactam 3 Absent
ursingii, Meropenem 20
Acinetobacter junii Teicoplanin 12

IV: intravenous, SC: subcutan.
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Table 3. Comparative results of intravenous and subcutaneous administration.

IV cladribine SC cladribine P value
Length of hospital stay (days) 22 (11-35) 0 (0-40) 0.003*
Febrile neutropenia 54.5% 22.2% 0.197**
Overall response rate 90.9% 100%
Time to response (days) 45 (23-120) 30 (30-60) 1.000*

Data were expressed n (%) or median (min:max). IV: intravenous, SC: subcutaneous.

*Mann-Whitney U test, **Fisher’s Exact test.

among the spleen size, leukocyte, neutrophil, throm-
bocyte levels, and MRD. The CR rate to treatment
was 90%, and the overall response rate (ORR) was
95%. PR was detected in one patient who was admin-
istered IV 2-CdA. In one patient, response evaluation
could not be performed due to early mortality after re-
ceiving IV 2-CdA; the patient died due to septic shock
on the 30th day of treatment. Details about the appli-
cation were given in Table 3. A statistically signifi-
cant difference was found between the median over-
all survival (OS) of the cladribine groups (p = 0.023).
While the median of the IV group was 51.9 months,
the median of the SC group was 29.7 months. The me-
dian follow-up period in all patients was 44 months.
While the median follow-up period of cladribine was
56.9 months in the IV group, it was 29.7 months in
the SC group. The median OS was not reached (95%
confidence interval [CI]: 1.5-79 months) (Figure 1).
The median 2-year and 5-year OS was calculated as
95%. No secondary malignancy was detected during
the follow-up period.

DISCUSSION

HCL is a rare indolent lymphoma. The results of
cladribine treatment are quite successful for HCL. Es-
pecially the easy applicability of the SC form makes
it preferable to patients and doctors. However, data on
the SC form are scarce. In this study, we retrospec-
tively evaluated the clinical features, treatments, treat-
ment results, length of hospitalization, FEN frequen-
cy, presence of secondary malignancy, and survival of
20 patients diagnosed with HCL and being followed
up between 2015 and 2021. Our study’s male/female
ratio was 4:1, similar to that in the literature, and the
median age was 44.5 years. The median age of the
patients was lower than in several studies.?*?” At ad-
mission, 70% of the patients had pancytopenia and
splenomegaly. The introduction of pentostatin and
subsequent 2-CdA in the 1980s and 1990s complete-

ly changed the course of HCl with a CR of 80-90%
and a long-term response rate of approximately 90%
achieved long-term survival.'*?*2° All the patients in
our study were administered 2-CdA as the first-line
therapy. 2-CdA was administered at the dose of 0.09
mg/kg in 11 patients via continuous infusion for seven
days and, in 9 patients, at the dose of 0.14 mg/kg for
five days via the SC route. G-CSF was administered
to all patients during the neutropenic period.

Infections seen during cladribine treatment are
among the common complications of treatment. A
review by Maevis et al.30 reported the frequency of
fever in patients treated with cladribine between 40-
69%. Not all fevers may be associated with infection.
In Klorshid et al’s study®, the fever frequency (relat-
ed or not associated with infection) was 35%. In our
study, the frequency of fever was 40%, which was
compatible with the literature. Hospitalization times
were significantly shorter, and the incidence of febrile
neutropenia was lower with SC application than with
IV application.

In Inbar ef al’s study”’, SC was administered to
32% of 203 HCL patients, and IV 2-CdA was admin-
istered to 68%. PFS and OS were not significantly
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Figure 1. Survival of patients.
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different in patients.”” In our study, there was no dif-
ference between the administration route and treat-
ment response. The complete response rate to treat-
ment was 90%, and ORR was 95%. PR was detected
in one patient who was administered IV 2-CdA. Re-
sponse assessment could not be performed on a pa-
tient due to early mortality (died due to septic shock
on the 30th day of treatment). The hospital stay was
significantly longer in those treated with IV 2-CdA.
We evaluated the treatment response by performing
bone marrow control at six months. The median OS
was 43.5 months (95% CI, range: 1.5-79 months), and
the 2-year and 5-year OS was 95%, with a median
44-month follow-up.

Past studies have revealed a correlation between
anaemia, thrombocytopenia, and disease-free surviv-
al (DFS).”® A recent study also reported a correlation
among anaemia, age, ECOG status, and survival, con-
sistent with previous findings that link anaemia and
thrombocytopenia with lower DFS. Anaemia appears
to affect long-term survival and not early mortality.”’
Our study detected no significant correlation among
age, spleen size, anaemia, leukocytosis, thrombocy-
topenia, LDH levels, bone marrow fibrosis degree,
and OS. However, a statistically significant correla-
tion was recorded among the Hgb level, treatment re-
sponse, and MRD. In patients with Hgb > 11 g/dL, the
response time to treatment was shorter than that in the
group with a value < 11 g/dL. Moreover, while MRD
was negative in the control bone marrow biopsies of
patients with Hgb > 11 g/dL, MRD could not be ex-
cluded in the control bone marrow biopsies of patients
with Hgb < 11 g/dL.

Other late complications, such as relapse and sec-
ond neoplasms, have been described because of better
control of the disease and more prolonged survival.*?
In a Swedish study, 18% of the patients had second-
ary primary cancer; the most significant associations
were non-Hodgkin lymphoma and melanoma.** A
survey that reported skin cancer incidence among
267 patients at the Memorial Sloan Kettering Cancer
Center found a corresponding incidence of 11.3%.*
Although it remains a controversial issue, purine ana-
logues are believed to not contribute to the emergence
of secondary malignancies.** In our study, no sec-
ondary malignancy was detected during the follow-up
period. However, this result may be attributable to the
small number of patients and the short follow-up peri-
od. The patients should be followed closely regarding
the development of secondary malignancy in the long

term.

In one of our patients, recurrence was detected in
the first year of the control bone marrow biopsy, but it
was followed for approximately 2.5 years without any
treatment indication. The response was then obtained
with the second course of cladribine. Unlike in other
cases, MRD positivity was evident in this patient’s
6-month control bone marrow biopsy. Recurrence
may not have been observed due to our cases’ rela-
tively short follow-up period.

We did not observe any increase in the incidence
of the second neoplasm in the patients in our study
during the follow-up period. We believe this might be
related to the small number of patients and the short
follow-up period.

CONCLUSIONS

In summary, this study confirmed the efficacy of
2-CdA treatment in HCL, similar to that in the litera-
ture. In general, ease of application, good tolerance,
and long-term safety data are the primary reasons for
choosing 2-CdA. Moreover, we showed that the SC
application is more practical than the IV application;
hospitalization and febrile rates are significantly low-
er, and the response rates are at least as good as in
the IV form. In most patients, a single course of SC
2-CdA is sufficient for long-term disease control. Al-
though the frequency of infection is less in the SC
form, severe infections may also occur in the SC form.
Therefore the patients should be followed closely. We
have demonstrated that the Hgb level can affect re-
sponse time and MRD status; this finding deserves
confirmation by further studies and more extensive
series. Our response and survival data agree with the
current literature, reaffirming purine analogues’ role
in HCL management.
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ABSTRACT
Background Kidney involvement is seen frequently in COVID-19 patients and is essential to the prognosis.
This study is undertaken to describe the clinical presentation of renal involvement in COVID-19 patients
concerning acute kidney injury (AKI), chronic kidney disease (CKD) and urinary abnormalities and to
correlate with the severity of COVID-19 illness and its outcome.
Material and Methods A retrospective cross-sectional study reviewed the medical records of patients
admitted with COVID-19 infection who had pre-existing renal conditions or renal manifestations in the
form of deranged renal function tests or abnormal urinary findings. All the relevant clinical and laboratory
parameters, including the treatment details and outcome, were noted, and statistical analysis was done.
Results A total of 72 out of 1,544 patients satisfied the inclusion criteria. Hypertension (72%) and Diabetes
(62%) were the commonest co-morbidities noted. CKD was seen in 51 (70%) patients, and 21 patients (29%)
were on maintenance dialysis. 39 (76%) patients with CKD were diagnosed with severe COVID-19, 25 (49%)
of the patients developed acute worsening of CKD, and 45% had mortality. AKI was seen in 19 patients (26%).
Urinary abnormality was seen in 34 (47%) patients, out of which 27 (37%) had proteinuria of more than 1+
Haematuria was seen in 27 (37.5%) patients, of which 12(17%) had gross haematuria. Dialysis was required
in 24 patients (33%) additionally. Mechanical ventilation was required in 32(44%) patients, and inotropes
in 41(56%). 21 (29%) patients developed acute respiratory distress syndrome, 39 (54%) had sepsis, with six
patients developing multiorgan dysfunction syndrome. 62.5% of patients had mortality. The presence of other
comorbid conditions, thrombocytopenia, coagulopathy, abnormality in arterial blood gases and usage of
inotropes were found to be significantly associated with adverse outcomes.
Conclusions Most cases had severe renal system involvement, with an AKI prevalence rate of 1.2% and a
case-specific mortality rate of 62.5%.
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INTRODUCTION

Coronavirus disease 19 (COVID-19), caused by se-
vere acute respiratory syndrome-coronavirus (SARS-
CoV-2), a beta coronavirus, mainly involves the respi-
ratory tract and other systems like the cardiovascular,
nervous system, haemopoietic, digestive system and re-
nal system. Kidney involvement is seen frequently and
plays an important role in the prognosis of severely af-
fected patients, especially the development of acute kid-
ney injury (AKI)." The overall incidence of AKI varies
between 5% to 15%?, and it is an independent risk factor
for mortality. Other renal manifestations noted are the
presence of proteinuria and haematuria, proteinuria be-
ing more common.’ COVID-19 patients suffering from
chronic kidney disease (CKD) and dialysis-dependent
patients are reported to be at higher risk of a severe form
of the disease. They are advised to take extra preventive
measures to avoid exposure to SARS-CoV-2. Kidney in-
volvement is more likely in the presence of additional
comorbidities.’

The coronavirus or a cytokine storm could directly
attack renal impairment due to abnormal immunity.’
Hypotension or dehydration, hypoxemia, sepsis, and
nephrotoxic drugs could also be involved in develop-
ing AKI. ACE2 is considered a functional receptor of
SARS-CoV-2. It is expressed in lung tissue and can also
be detected in the kidneys, mainly in proximal tubules,
afferent arterioles and collecting ducts. In addition, viral
nucleic acid could also be found in the urine, suggesting
that the kidneys might be the target of this novel coro-
navirus. Tubular epithelial cell necrosis, degeneration,
interstitial hyperemia, microthrombus, or focal fibrosis
were the main pathological features, while glomerular
lesions are uncommon.

The management strategies for COVID-19-related
kidney issues are largely supportive.® Renal replacement
therapy (RRT) may be required in many critically ill pa-
tients with AKI. However, in a developing country like
India with limited resources and health infrastructure,
it may be challenging to combat the situation of patients
with multiorgan failure. The impact of COVID-19 on pa-
tients’ long-term kidney function is unclear. SARS-CoV-
2’s effects on the kidney and in patients with underlying
kidney disease are not well-characterized. Therefore,
this study aimed to describe the clinical presentation
of kidney involvement in COVID-19 patients, examine
the laboratory profile and treatment modality of kidney
disorders, correlate the severity of COVID-19 disease
with renal system involvement and know the outcome of

pre-existing kidney disease.

MATERIAL AND METHODS

This retrospective study was conducted on pa-
tients admitted to a tertiary care hospital from coastal
Karnataka after obtaining ethical approval from an
institutional committee. All patients, including chil-
dren with pre-existing kidney disease, impaired renal
function tests (RFT), or abnormal urine findings at
admission, diagnosed with COVID-19 by RT-PCR or
rapid antigen testing between March 2020 and Octo-
ber 2020, were included in the study. Case files that
did not have urinalysis and kidney function evalua-
tion reports were excluded from the study.

Data regarding history, particularly the presence
of the chronic renal condition and other comorbid
conditions, present clinical manifestations, laborato-
ry investigations including blood and urine examina-
tion and management of the patients, and the dialysis
requirement during their hospital stay were noted.
KDIGO definitions were used to define AKI based
on serum creatinine and urine output. CKD was de-
fined as eGFR <60 mL/min per 1.73 m2 or proteinuria
at urinalysis within 180 days before hospital admis-
sion. Proteinuria was defined by the presence of >1+
protein in urine analysis. Hematuria was defined as
more than five red blood cells per high-power field on
centrifuged urine sample. A correlation between the
severity and outcome of COVID-19 and pre-existing
renal diseases, along with other comorbid conditions,
was done. Development of AKI, factors leading to
developing AKI and outcome with respect to the dis-
ease’s mortality was noted.

Statistical Analysis

Descriptive statistics were performed using SPSS
software 27.0. A chi-square test was performed to cor-
relate the severity of COVID-19 disease with kidney
symptoms. Logistic regression was used to analyse
the outcome with various confounding factors.

RESULTS

A total of 1,544 patients were admitted with
COVID-19 infection during the study period at our
hospital. Out of these, 72 patients had renal manifes-
tations or were known cases of renal disorders diag-
nosed with COVID-19 infection. The mean age in
adults was 52.2 years. 2 were paediatric patients aged
11 and 15 years, respectively. Of 72, 46 (63%) were
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Table 1. The frequency of symptoms and signs.

Variables n (%)

Symptoms
Cough 26 (36.1%)
Fever 35 (48.6%)
Reduced urine output 7 (9.7%)
Haematuria 2 (2.8%)
Breathlessness 40 (55.6%)
Edema 12 (16.7%)

Co-morbidities
Diabetes mellitus

67 (93.1%)
45 (62.5%)

Hypertension 52 (72.2%)
Ischemic heart disease 20 (27.8%)
Neurological disease 5(6.9%)
Chronic kidney disease 50 (69%)
Other renal disease 2 (2.8%)
Maintenance haemodialysis 22 (30.6%)
Signs
Impaired consciousness 44 (61.1%)
Tachypnea 52 (72.2%)
Tachycardia 45 (62.5%)
Reduced SPO» 36 (50.0%)
Respiratory distress 57 (79.2%)
CVS (congestive cardiac failure) 12 (16.7%)
Per abdomen (ascites) 6 (8.3%)

Central nervous system (encephalopathy)
High blood pressure on admission
Shock

17 (23.6%)
11 (15.3%)
22 (30.6%)

male patients, and 26 (36%) were females. Out of 72
patients, four were mild, eight were moderate, and 60
(83%) were of severe category. Details of their pre-
senting symptoms and signs and the common co-mor-
bid condition were given in Table 1. Most of the pa-
tients presented with cough, fever and breathlessness,
but common symptoms related to the renal system
were oedema, reduced urine output and haematuria.
Other symptoms like abdominal pain, vomiting, loose

Table 2. Laboratory parameters.

Variables Mean value
Haemoglobin 9.6 g/dL
Total leukocyte count 11,531.92 cells/uL
Neutrophil/lymphocyte ratio 5:1

Platelet count 222,333.35/ul

Erythrocyte sedimentation rate 64.57 mm/hour
C-reactive protein 72.029 mg/L
Urea 140.79 mg/dL
Creatinine 6.992 mg/dL
Uric acid 8.418 mg/dL
Lactate dehydrogenase 1005.96 U/L
D-dimer 4149.14 ng/mL
Ferritin 741.19 pg/L

stools, headache, myalgia, generalised weakness, sei-
zures, and altered sensorium were noted in 36 (50.0%)
patients. Hypertension was noticed in 72% (52) of the
patients. In contrast, diabetes was seen in 62% (45),
ischemic heart disease (IHD) in 20 (27%) and neu-
rological conditions in 5 (6.9%) of the patients. Oth-
er co-morbid conditions noted in 23 (31.9%) patients
were hypothyroidism, anaemia, connective tissue
disorders, chronic obstructive pulmonary disorders
(COPD), asthma, obesity, chronic liver disorders, pan-
creatitis, peripheral vascular diseases, arrhythmias,
malignancies.

AKI was seen in 19 patients (26%). Twelve patients
had stage 3 AKI, 5 had stage 2 AKI, and 2 had stage 1
AKI. Of 72 patients, 51 (70%) were already diagnosed
with chronic kidney disease, and 21 (29%) were on
maintenance dialysis. 25 (49%) of the patients devel-
oped acute worsening of chronic kidney disease. Out
of 51 cases of chronic kidney disease, 39 (76%) pa-
tients were diagnosed with severe COVID-19. Out of
the two paediatric patients, one patient had AKI, and
the other was a CKD case on maintenance dialysis.
Other renal diseases noted were renal calculi, bilater-
al hydroureteronephrosis, polycystic kidney disease,
single kidney, pyelonephritis, IgA nephropathy and
atypical haemolytic uraemic syndrome. One patient
was the recipient of a kidney transplant.

Details of the investigation report were given in
Table 2. Abnormal serum electrolyte levels were seen
in 61 patients (84%).14 (19%) of them had sodium
abnormality, hyponatremia being more common. 40
(55%) patients had hyperkalemia, and 6 had hypoka-
lemia. Arterial blood gas (ABG) was abnormal in 45
patients, out of which 21 (29%) had metabolic acido-
sis, whereas 13 patients had both hypoxia and meta-
bolic acidosis (18%), and only 11 patients had isolat-
ed hypoxia (6.9%). 24 (33%) patients had abnormal
liver function tests, and 12 (16%) had coagulopathy.
Urinary abnormalities were observed in 34 (47%) pa-
tients, and 27 (37%) had proteinuria greater than +1.
27 (37.5%) patients had hematuria, and 12 (17%) had
gross hematuria. On the statistical analysis of labora-
tory parameters with the risk of development of AKI,
none of the parameters was found to be associated
with the development of AKI (Table 3).

Remdesevir was used in 9 (12.5%) patients. An-
ti-inflammatory agents were used in 41(56) % of pa-
tients. Anticoagulants were used in 40 (55%) patients,
with regular heparin (unfractionated) commonly
used. Dialysis was required in 24 patients (33%), apart
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Table 3. The risk of acute kidney injury with the laboratory parameters.

Acute kidney N Mean + SD 95% CI for mean Median (IQR) P value

injury Lower bound Upper bound

Neutrophil 6 69.5000+£22.49222 45.8959 93.1041 80.00 (73.25, 86.00) 0.513

(cells/uL) 11 74.9391+26.61532 57.0587 92.8195 83.00 (70.00, 93.00)

Lymphocyte 6 20.1000+19.89321 -.7766 40.9766 11.00 (8.425, 18.250) 0.339

(cells/uL) 11 9.9264+8.46863 4.2371 15.6157 9.00 (1.700, 15.00)

CRP (mg/L) 6 50.300+37.9401 10.484 90.116 90.00 (61.675, 90.00) 0.218
11 76.727£19.6728 63.511 89.944 81.00 (60.00, 90.00)

LDH (U/L) 6 518.17+£271.806 232.92 803.41 465.50 (302.75, 681.75) 0.421
11 1047.36+1607.228 -32.39 2127.11 632.00 (345.00, 900.00)

D-dimer 6 3062.67+1789.710 1184.48 4940.85 3460.00 (1559.25, 5521.75) 0.087

(ng/mL) 11 5779.18+3433.313 3472.65 8085.71 4703.00 (2000.00, 9732.00)

Ferritin 6 463.00+446.152 -5.21 931.21 1000.00 (594.00, 1000.00) 0.137

(ng/L) 11 783.64+339.815 555.35 1011.93 1000.00 (648.00, 1000.00)

CI: confidence interval, CRP: C-reactive protein, LDH: lactate dehydrogenase.

from those on maintenance dialysis, including both 6
AKI patients and the other 18 patients who had acute
worsening of a pre-existing CKD. In another ten pa-
tients, dialysis was indicated, but it could not be done
due to very poor general condition (3 AKI patients).
Oxygen was required in all patients except mild cas-
es, venturi mask being used commonly to deliver ox-
ygen. A high-flow nasal cannula (HFNC) was used in
8 patients, and non-invasive ventilation was used in
11 patients. Mechanical ventilation was required in 32
(44%) patients. Inotropes were used in 41 (56%) pa-
tients. 54 (75%) patients had bilateral pneumonia, out
of which 21 (29%) patients developed acute respirato-
ry distress syndrome (ARDS), 39 (54%) had sepsis,
with six patients developing multiorgan dysfunction
syndrome (MODS). 62.5% of patients had mortality.
Among AKI patients, 57.8% had mortality, and 45%
had mortality among CKD patients.

The results of logistic regression used to examine
clinical signs and symptoms, laboratory parameters,
and treatment of kidney disorders are shown in Ta-
ble 3. All variables were entered into the model. The
presence of other comorbid conditions, thrombocy-
topenia, coagulopathy, ABG abnormality, and use of
inotropes was significantly associated with adverse
outcomes (Table 4).

DISCUSSION

There were 72 patients in our hospital, including
both paediatric and adult patients who had, for the
first-time renal manifestations due to COVID-19 or
were known cases of renal disorders diagnosed with
COVID-19 infection. Our study’s mean age at pre-
sentation was 52 years, with male predominance. A

similar finding was noticed by Allemailem et al’,
where most patients were males older than 50. Breath-
lessness (55.6%) and fever (48.6%) were the common
presenting symptoms similar to the study mentioned
above’, as the majority of the cases were severe to the
moderate category in both the study groups. Underly-
ing CKD also might have contributed to the increased
prevalence of breathlessness among the study group.
More than 80% were classified as having severe dis-
ease and had renal involvement, either pre-existing or
newly developed renal manifestations. But its signifi-
cance is not measured statistically as we had not taken
the COVID-19 cases without renal involvement. Apart
from a kidney involvement, the most common asso-
ciated co-morbidities were hypertension and diabetes
mellitus, followed by ischemic heart disease. None of
the above factors was independently associated with
an increased risk of mortality which is in contrast to
other studies.8 Still, it was noticed that additional oth-
er co-morbid conditions increased the chances of mo-
rality, like malignancy and COPD (p = 0.02).

In a systematic review done by Chen et al’, the in-
cidence of COVID-19 in haemodialysis patients was
7.7%, and the overall mortality rate was 22.4% in these
patients with COVID-19. Similarly, our study’s mor-
tality rate was 28% with patients on haemodialysis.
So both the incidence and mortality of COVID-19 in-
fection were higher in haemodialysis patients. Among
CKD patients without dialysis, 76% had severe dis-
ease, and 45% had mortality. There was a decline in
the number of patients who underwent kidney trans-
plantation initially when the COVID-19 pandemic be-
gan. A study done by Akalin ez al.'’ noted a very high
mortality rate in kidney transplant patients, 28% at
the end of 3 weeks. We had one patient with kidney
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Table 4. The logistic regression studying the clinical symptoms and signs, laboratory parameters
along with the mode of treatment for renal conditions with the outcome (Significance was decided
at 5%.).

Variables B S.E. Wald Df Significance Exp (B)
Symptoms and co-morbid conditions

Decreased urine output -1.728 1.210 2.042 1 0.153 0.178
Haematuria 0.397 1.807 0.048 1 0.826 1.487
Chronic kidney disease -0.090 0.537 0.028 1 0.867 0914
Co-morbid conditions 0.739 1.258 0.345 1 0.557 2.093
Hypertension -0.201 0.542 0.137 1 0.711 0.818
Diabetes mellitus -0.795 0.507 2.454 1 0.117 0.452
Neurological disease 1.552 1.182 1.726 1 0.189 4.723
Ischemic heart disease -0.961 0.729 1.739 1 0.187 0.382
Maintenance haemodialysis 0.363 0.665 0.298 1 0.585 1.438
Other renal diseases -0.902 1.339 0.454 1 0.501 0.406
Other co-morbidities -2.645 1.149 5.295 1 0.021 0.071
Signs

Conscious level -0.194 0.873 0.049 1 0.824 0.824
Blood pressure -0.274 0.480 0.325 1 0.569 0.760
SPO: -0.367 0.820 0.200 1 0.655 0.693
Respiratory system -1.939 1.100 3.109 1 0.078 0.144
Per abdomen 2.113 1.639 1.663 1 0.197 8.276
Cardiovasculur system -1.311 1.074 1.489 1 0.222 0.270
Central nervous system -2.019 1.081 3.487 1 0.062 0.133
Laboratory investigations

Haemoglobin -0.003 0.165 0.000 1 0.984 0.997
Total count 0.000 0.000 1.256 1 0.262 1.000
Erythrocyte sedimentation rate -0.004 0.015 0.064 1 0.800 0.996
Urea 0.001 0.006 0.020 1 0.887 1.001
Creatinine -0.107 0.087 1.506 1 0.220 0.898
Liver function test -0.310 0.801 0.150 1 0.699 0.733
C-reactive protein -0.027 0.014 3.809 1 0.051 0.973
Coagulopathy -2.574 1.309 3.865 1 0.049 0.076
Urine abnormality 2.158 2.603 0.687 1 0.407 8.652
Proteinuria -1.457 0.825 3.119 1 0.077 0.233
Haematuria -0.368 1.363 0.073 1 0.787 0.692
Lactate dehydrogenase 0.000 0.000 0.257 1 0.612 1.000
D-dimer 0.000 0.000 2.625 1 0.105 1.000
Arterial blood gas analysis -0.510 0.255 4.002 1 0.045 0.601
Acute kidney injury 0.548 0.793 0.478 1 0.489 1.730
Ferritin -0.003 0.002 3.079 1 0.079 0.997
Sodium 0.050 0.040 1.543 1 0.214 1.051
Potassium 0.061 0.118 0.270 1 0.604 1.063
Thrombocytopenia 0.051 0.017 9.215 1 0.002 1.052
Treatments

Anti-inflammatory -1.474 1.344 1.202 1 0.273 0.229
Anticogulants 0.991 1.310 0.573 1 0.449 2.694
Inotropes -3.459 1.037 11.122 1 0.001 0.031
Severity -19.946 8589.258 0.000 1 0.998 0.000
Dialysis -1.061 0.551 3.709 1 0.054 0.346
Ventilation -0.349 0.238 2.159 1 0.142 0.705
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transplantation who had expired.

In our study, 27 (37%) patients had proteinuria of
more than 1+ and haematuria was seen in 27 (37.5%)
patients. Still, in a study by Vasist et al!!, protein-
uria was positive in 75 patients (17.6%) and hema-
turia in 39 patients (9.15%), which is lower than our
study. They also noticed that patients with proteinuria
and/or hematuria were more likely to have severe
COVID-19 illness. More than 80% of cases were se-
vere COVID-19 cases in our study, which may explain
the higher incidence of proteinuria and haematuria.

AKI was seen in 19 patients, which accounts for
1.2% of the total admissions with COVID-19 during
the same period, which is lower compared to 39.9% of
AKI in COVID-19 hospitalised patients as observed
by Jia et al."?. They also noticed that among AKI cases
which required dialysis, 79.3% patients expired with
30.6% of survivors remaining on dialysis at the time
of discharge. In contrast, in our study, it was around
57% of mortality, which is slightly lower. Smarz et
al® observed that elevated leukocytes with neutro-
phil predominance and elevated D-dimers were as-
sociated with an increased risk of AKI, which cor-
relates with the severity of COVID-19. However, in
our study, none of the parameters was significantly
associated with AKI. Remdesivir was used in a low
percentage of cases due to renal impairment, which
limits its use. Similarly, regular heparin was used as
fractioned heparin usage is avoided with renal dys-
function. Glowacka et al."* reviewed articles on AKI
and COVID-19 and noticed that 64% of critically ill
COVID-19 patients required dialysis who had AKI.
Still, in our study, additional dialysis was required in
24% of patients, including AKI and acute on CKD.

We observed increased mortality with thrombo-
cytopenia and coagulation abnormalities; similar
findings were noticed in other studies.13!¢ Metabolic
acidosis (29%) is the predominant ABG finding not-
ed in our research, contributed by kidney disease.
In a study by Alfano et al.”, metabolic acidosis was
noticed in 2.8% of all COVID-19 patients, which is
much lower than our study. Still, all of them had mor-
tality, and the authors noted that they had high SOFA
scores with kidney impairment.

In a study done by Sindhu et al'8, it was noticed
that inotropes usage and mechanical ventilation were
associated with an increased risk of poor outcomes.
In contrast, as in our study, only inotropes were not-
ed to be significant on logistic regression. Though the
statistical presence of AKI, CKD or mechanical ven-

tilation has not come significant on logistic regression
analysis due to the interrelation of confounding fac-
tors, and the majority of cases were of severe category,
which might have led to an inconclusive picture in the
end, it gives the scope for further exploration, as their
clinical significance can not be undetermined. Also,
long-term effects, particularly on kidney function
and persistence of proteinuria or haematuria, should
be investigated further. In case of persistent protein-
uria or haematuria at intensive care unit discharge,
COVID-19 patients should be advised for follow-up
by a nephrologist, as the course of the long-term kid-
ney involvement is still unclear.

CONCLUSIONS

Most of the cases were in a severe category, with
62.5% case-specific renal system involvement and
mortality. The development of AKI and the presence
of CKD were responsible for increased mortality and
morbidity.
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ABSTRACT
Background Coronavirus disease (COVID-19) is more severe, and mortality is higher in kidney transplantation
(KTx) patients; it is still unclear how renal functions progress and the conditions affecting renal functions in
the post-COVID-19 period. We aimed to investigate the changes in kidney functions and the factors affecting
this change after COVID-19.
Material and Methods Forty-one kidney transplantation patients who were hospitalised for COVID-19
were included in this retrospective study. The patient’s personal information, examination, and treatment
information regarding their hospitalisation and follow-ups were obtained from the hospital system.
Results Patients with elevated serum creatinine in the first year post-COVID had higher baseline proteinuria
and systemic immune inflammation index (SII). Proteinuria increased more in patients with a long
transplantation period, hypertension, high basal creatinine, and SII. Also, proteinuria was higher in patients
who developed AKI during the COVID period. In addition, baseline SII was an independent predictor of the
change in serum creatinine and proteinuria.
Conclusions We found that patients with signs of increased inflammation, such as high SII were more fragile
regarding renal functions. Therefore, the post-COVID-19 follow-up process of KTx patients with COVID-19
should be individualised.
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INTRODUCTION

Although the primary affected system of the corona-
virus disease - 2019 (COVID-19) caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) is the
respiratory system, the condition also frequently affects
other organ systems. Renal involvement is commonly re-
ported in patients hospitalised with COVID-19 and may
be detected from isolated hematuria and proteinuria to
acute kidney injury (AKI) requiring renal replacement
therapy.! Many mechanisms thought to cause renal in-
volvement have emerged in COVID-19. Some of these
mechanisms are direct viral cytopathic effect on the kid-
ney, dehydration, tissue hypoxia, systemic inflammation
(cytokine storm), immune complex deposition, and dif-
fuse intravascular coagulation. Tubular, glomerular, or
vascular damage may occur in the kidney. In histopa-
thology studies, acute tubular necrosis is the most com-
mon type of injury. Tubular and vascular damage occurs
mainly in the form of AKI, and glomerular damage oc-
curs in the form of proteinuria, while co-occurrence of
these findings is a typical and expected situation.**

Considering the multiple comorbidities and immu-
nosuppressive treatments of kidney transplant patients
(KTx), a more severe disease course is inevitable during
COVID-19. KTx patients are more likely to develop AKI
and need haemodialysis (HD) than the average popula-
tion.” However, it is thought that the immunosuppressive
state in KTx patients may also have protective effects
against the systemic inflammatory response responsible
for the severe disease in the course of COVID-19.°

Derived inflammation markers such as neutrophil to
lymphocyte ratio (NLR) and platelet to lymphocyte ra-
tio (PLR) are more sensitive inflammatory markers than
leukocytes, neutrophils or lymphocytes.” While the sys-
temic immune inflammation index (SII) was a signifi-
cant prognostic indicator used only in malignant patients
initially, it has become an essential indicator of inflam-
mation in different patient groups, recently in Ktx pa-
tients and COVID-19.%? SII is an independent predictor
of albuminuria in the general population.'’

Although itis well known that the course of COVID-19
is more severe and mortality is higher in KTx patients, it
is still not clear how kidney function progresses in the
post-COVID-19 period and the conditions that affect its
course. Immune dysregulation and increased proinflam-
matory cytokine levels occurring during the response to
SARS-CoV-2 are considered the primary cause of tissue
damage. Considering the negative effect of increased in-
flammation on graft functions, the impact of the hyper-

inflammatory state in the COVID period on long-term
renal functions is also a matter of interest. Based on this
idea, we aimed to investigate the changes in renal func-
tions and the factors affecting this change one year after
COVID-19.

MATERIAL AND METHODS

Ethics committee approval was obtained from our
institution for this retrospective study. The data of 75
kidney transplant patients hospitalised with the diag-
nosis of COVID-19 between January 1 and March 31,
2021, were scanned retrospectively from our hospi-
tal system. Twenty patients with negative COVID-19
PCR results, five who died during hospitalisation,
and nine whose data for the first year could not be
reached after the COVID-19 diagnosis date were ex-
cluded from the study. Forty-one patients whose data
could be entirely determined were the study group. A
review of medical records (including information on
age, sex, weight, medications, duration of the disease,
and laboratory results) was done. Inclusion criteria
were: 1) Being a KTx patient aged 18-60. 2) Having a
positive COVID-19 PCR result. 3) Having hospital re-
cords in the Ist year after the diagnosis of COVID-19.
Exclusion criteria were: 1) being under 18 and over
60, 2) Negative COVID-19 PCR result, 3) Presence
of pregnancy, 4) history of acute rejection in the last
three months or positive donor-specific antibody test
(DSA), 5) presence of previously detected proteinuria
over 500 mg/day. The patients included in the study
were divided into two groups according to their creat-
inine levels and proteinuria levels based on the 1% year
post-COVID-19 data. In these groups, those whose
creatinine level increased and non-increased; were
divided into those whose proteinuria level increased
and non-increased.

Obtaining Baseline Data and Post-COVID First
Year Data

Basal values were accepted on the day when the
COVID-19 PCR test of the patients was positive or on
the day of treatment was started by hospitalisation.
The control performed at least one year after the di-
agnosis of COVID-19 was accepted as the first year of
control examinations. The treatments applied to the
patients during the hospitalisation, and the changes
made in the immunosuppressive therapies were ob-
tained by scanning the hospital registry system. All
patients included in the study had negative DSA tests
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before and after COVID-19. DSA test positivity was
taken as an exclusion criterion as it would cause sus-
picion of graft rejection.

Biochemical Analyses

Venous blood samples were drawn after an over-
night fast and stored at -80 °C for biochemical analyses
in patients. All biochemical studies were undertaken
in the Central Biochemistry Laboratory of our hospi-
tal. Serum creatinine was measured with Jaffe Meth-
od. Using an automated clinical chemistry analyser,
serum C-reactive protein (CRP) levels were measured
with an immunoturbidimetric assay (Diasis Diagnos-
tic System). Serum levels of calcium, phosphate, and
intact parathyroid hormone (iPTH) were measured.
iPTH was measured using the Elecsys PTH assay.

24-hour Urinary Proteinuria

The 24-hour urinary proteinuria levels detected
within the first three days of hospitalisation were re-
corded as initial proteinuria. Total protein concentra-
tion levels were measured by a turbidometric assay
using benzethonium chloride. The results were ex-
pressed as mg/L.

Calculation of the Systemic Immune Inflammation
Index

The SII value was calculated according to the basal
blood values of the patients. The NLR x platelet count
formula was used to calculate SII.11

Statistical Analyses

The data obtained were evaluated using the Sta-
tistical Package for Social Sciences for Windows 21.0
(SPSS Inc. Chicago, Illinois, USA) statistical program.
Descriptive statistics were determined for each vari-
able. Data were expressed as meantstandard devia-
tion or median and interquartile range (IQR). The y2
test for categorical variables determined a statistically
significant difference between the groups. Non-para-
metric statistics (Mann-Whitney U test) and paramet-
ric statistics (independent sample t-test) were all used
for continuous variables. Associations between the
variables were explored using Spearman’s rho test.
Binary logistic regression analysis was performed to
determine independent predictors for increased pro-
teinuria and serum creatinine levels. Factors with a p
- value of < 0.2 were included in the univariate analy-
sis in the regression test, while those significant in the
univariate analysis were included in the multivariable

evaluation. A statistically significant difference was
considered when the p - value <0.05.

RESULTS

Demographic Characteristics of Patients and Pre-
COVID-19 Data

A total of 41 kidney transplantation patients, 14
(34%) female and 27 (66%) male, with a mean age
of 45.96 + 9.46 years, who met all inclusion and ex-
clusion criteria, were included in the study. The
most common comorbidity was hypertension (n: 26,
61.9%). Of 41 patients, 9 (22%) were transplanted
from deceased donors and 32 (78%) from living do-
nors. Before COVID-19, mean creatinine values were
1.45 mg/dL, and 24-hour urinary proteinuria averages
were 285 mg/L. The demographic characteristics of
the patients and the initial data for the diagnosis of
COVID-19 and pre-hospitalization were in Table 1.

Characteristics of Patients during Treatment of
CoOVID-19

All patients whose diagnosis was confirmed by the
COVID-19 PCR test were included in the study.

Table 1. Demographic, clinical characteristics,
and biochemical parameters of 41 Kkidney
transplant patients with COVID-19

Parameters Values
Age (years) 45.96 +9.46
Gender (Female/Male) 14/27
Body mass index (kg/m?) 25.26 +3.76
Posttransplant period (years) 7.5()
History of diabetes mellitus 7 (16.7%)
History of hypertension 26 (61.9%)
History of coronary artery disease 6 (14.3%)

COVID-19 associated AKI
Sistolic blood pressure (mmHg)

14 (34.1%)
128.41 + 11.96

Diastolic blood pressure (mmHg) 76.46 £10.2
Creatinine (mg/dL) 1.45 (0.55)
White blood count (103/ul.) 7.37 (4.13)
Haemoglobin (g/dL) 12.75+2.07
Platelet count (10°/mm?) 22027 +77
Albumin (g/L) 4.17+£0.52
Alanine aminotransferase (U/L) 15.5(11.3)
Proteinuria (mg/L) 285 (431)
Lactate dehydrogenase (U/L) 147 (74)
Ferritin (mg/dL) 220 (898.09)
C-reactive protein (mg/L) 10.79 (34.42)
SII 684.5 (683.19)

Data were expressed as mean+SD, median (IQR) or frequency. AKI:
acute kidney injury, SII: systemic immune inflammation index.
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Table 2. Changes in immunosuppressive therapies during COVID-19.

Medications Continued Stopped or reduced Total
Glucocorticoids 41 (100%) 0 41 (100%)
Tacrolimus 24 (75%) 8 (25%) 34 (82%)
Cyclosporin 2 (50%) 2 (50%) 4 (10%)
Mycophenolic acid analogue 7 (19%) 29 (81%) 36 (87%)
m-TOR inhibitor 0 4 (100%) 4 (10%)
Azathioprine 0 2 (100%) 2 (5%)

Data were expressed as n (%). m-TOR: mammalian target of rapamycin.

When evaluated with thorax computed tomography,
11 (26%), patients did not have any involvement in the
lung, while 30 (72%) patients had different degrees of
involvement. All of the patients were receiving vari-
ous immunosuppressive treatments before COVID-19,
and multiple changes were made in their treatments
during the disease period. Treatment changes of all
patients were shown in Table 2. Of the 41 patients in-
cluded in the study, 26 (63%) were receiving angio-
tensin-converting enzyme inhibitor (ACEi) or angio-
tensin receptor blocker (ARB) treatments. Treatments
of 16 (61%) patients, including 14 patients who devel-
oped AKI, were stopped during their hospitalisation.
ACEIi/ARB treatment was started again in all patients

at least one month after discharge. The mean hospi-
tal stay of the patients was 11.09 days, and 9 (22%)
patients required follow-up in the intensive care unit
for varying periods. The treatments for COVID-19
during their hospitalisation were also evaluated. Hy-
droxychloroquine in 16 (39%) patients, favipiravir in
39 (95%) patients, pulse steroid in 27 (66%) patients,
tocilizumab in 11 (27%) patients, and plasma infusion
in 13 (32%) patients were used.

Characteristics of Patients Developing Acute Kid-
ney Injury during COVID-19

During the hospitalisation period, acute kidney in-
jury (AKI) developed in 14 (34.1%) 41 patients in our

Table 3. Comparison of demographic, clinical characteristics and biochemical parameters of
patients according to increase in serum creatinine value.

Parameters Increased creatinine (n: 29) Stable creatinine (n: 12) P value
Age (years) 4493+93 48.5+9.75 0.277
Gender (Female/Male) 12/17 2/10 0.129
Body mass index (kg/m?) 25.16 £4.09 25.52+2.96 0.787
Post-transplant period (year) 7.5(5) 8(8) 0.667
History of diabetes mellitus 6 (20.6%) 1 (8.3%) 0.339
History of hypertension 18 (62%) 8 (66.6%) 0.781
History of coronary artery disease 5(17.2%) 1 (8.3%) 0.463
COVID-19 associated AKI 11 (38%) 3 (25%) 0.427
Sistolic blood pressure (mmHg) 12931 £ 12 126.25 £12.08 0.463
Diastolic blood pressure (mmHg) 77.07+11.14 75+ 7.68 0.561
Creatinine (mg/dL) 1.34 (0.67) 1.6 (0.69) 0.339
White blood count (103/uL.) 7.37 (4.04) 5.97 (4.6) 0.623
Haemoglobin (g/dL) 12.45+2 13.53+2.1 0.125
Platelet count (10%/mm3) 229.31 +80.6 198.42 + 65.48 0.247
Albumin (g/L) 4.07 +0.55 44+0.36 0.065
Alanine aminotransferase (U/L) 16.85 (12.8) 14.7.(9.7) 0.501
Proteinuria (mg/L) 320 (601.8) 161.5 (282.8) 0.046
Lactate dehydrogenase (U/L) 147 (74) 142 (119.8) 0.311
Ferritin (mg/dL) 230.5 (533.25) 145 (1339.6) 0.423
C-reactive protein (mg/L) 3.11 (34.32) 10.8 (50.43) 0.770

SII

823.14 (730.91)

412.39 (352.86)

0.013

Data were expressed as mean = SD, median (IQR) or frequency. AKI: acute kidney injury, SII: systemic immune inflammation index.
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Table 4. Comparison of demographic, clinical characteristics and biochemical
parameters of patients according to increase in amount of proteinuria.

Parameters Increased proteinuria (n: 25)  Stable proteinuria (n: 16) P value
Age (years) 46.68 £ 10 44.87 £ 8.62 0.558
Gender (Female/Male) 8/17 6/10 0.717
Body mass index (kg/m?) 25.19+3.68 25.37£4.02 0.883
Post-transplant period (year) 9(5) 4(7) 0.001
History of diabetes mellitus 5(20%) 2 (12.5%) 0.534
History of hypertension 20 (80%) 6 (37.5%) 0.006
History of coronary artery disease 5(20%) 1 (6.25%) 0.224
COVID-19 associated AKI 13 (52%) 1 (6.25%) 0.003
Sistolic blood pressure (mmHg) 131.6 £ 10.17 123.44 £ 13.13 0.031
Diastolic blood pressure (mmHg) 79.2 £8.74 72.19+11.1 0.03
Creatinine (mg/dL) 1.67 (1.88) 1.17 (0.58) 0.001
White blood count (10°/uL.) 7.8 (16.23) 5.18 (2.91) 0.024
Haemoglobin (g/dL) 12.49+2.1 13.16 £2.01 0.317
Platelet count (10°/mm3) 235.72 £ 83.75 196.13 +59.74 0.109
Albumin (g/L) 4.07 +0.58 4.32+0.38 0.110
Alanine aminotransferase (U/L) 23 (19.5) 13.1 (5) 0.058
Proteinuria (mg/L) 311 (545) 280 (233) 0.066
Lactate dehydrogenase (U/L) 147 (58.5) 145 (109) 0.135
Ferritin (mg/dL) 291 (969) 189 (421) 0.658
C-reactive protein (mg/L) 13.2 (63.09) 7(17.17) 0.046
SII 868.44 (829.46) 529.96 (448.93) 0.050

Data were expressed as meantSD, median (IQR) or frequency. AKI: acute kidney injury, SII: systemic immune

inflammation index.

study. According to the KDIGO AKI classification,
4 (28%) patients were evaluated as stage-1, 3 (21%)
patients as stage-2, and 7 (50%) patients as stage-3
AKI. 7 (50%) of the 14 patients who developed AKI
needed HD. The mean HD session duration was 3.77
sessions. None of the patients who developed AKI
needed HD at discharge.

First-Year Data after COVID-19
In the post-COVID first year, 29 (70.7%) patients
with increased serum creatinine compared to the pre-

COVID period and 12 (29.3%) patients with a stable
course were detected. The two groups had no signif-
icant difference regarding age, gender, body mass
index, time spent post-transplant, diabetes mellitus,
hypertension, history of coronary artery disease, and
blood pressure (Table 3).

Interestingly, no significant difference was ob-
served between the two groups regarding basal
creatinine levels and AKI development during the
COVID-19 process. AKI developed during the peri-
od of COVID-19 in 11 (38%) patients in the patient

Table 5. Binary logistic regression analysis with other parameters of the increase in amount of
proteinuria in kidney transplant patients with COVID-19.

Parameters

Univariable analysis

Multivariable analysis

OR (95% CI) P value OR (95% CI) P value

Post-transplant period (years) 1.469 (1.14-1.89) 0.003 1.204 (0.86-1.67) 0.269
History of hypertension 6.667 (1.63-27.27) 0.008 1.562 (0.19-12.76) 0.677
COVID-19 associated AKI 16.250 (1.85-142.46) 0.012 6.244 (0.53-73.19) 0.145
Sistolic blood pressure (mmHg) 1.066 (1.003-1.133) 0.039 1.036 (0.91-1.17) 0.590
Diastolic blood pressure (mmHg) 1.094 (1.004-1.192) 0.040 0.996 (0.86-1.15) 0.959
White blood count (103/uL) 1.00 (1.00-1.00) 0.059 - -

Creatinine (mg/dL) 16.940 (1.56-183.006) 0.020 3.789 (0.28-49.68) 0.310
C-reactive protein (mg/L) 1.023 (0.99-1.05) 0.087 - -

SII 1.002 (1.00-1.003) 0.012 1.001 (1.00-1.002) 0.048

CI: confidence interval, AKI: acute kidney injury, SII: systemic immune inflammation index.
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Table 6. Binary logistic regression analysis with other parameters of the increase in serum
creatinine values in kidney transplant patients with COVID-19.

Parameters Univariable analysis Multivariable analysis

OR (95% CI) P value OR (95% CI) P value
Gender (Male/Female) 0.785 (0.257-0.890) 0.043 0.283 (0.052-1.53) 0.143
Haemoglobin (g/dL) 0.764 (0.54-1.08) 0.129 - -
Albumin (g/L) 0.225 (0.04-1.16) 0.075 -
Proteinuria (mg/L) 1.002 (0.999-1.004) 0.180 - -
S1I 1.004 (1.001-1.007) 0.028 1.002 (1.00-1.005) 0.039

CI: confidence interval, SII: systemic immune inflammation index.

group with increased serum creatinine and 3 (25%)
patients in the other group, but it was not statistically
significant (p = 0.427). While the mean of basal cre-
atinine in the group with stable serum creatinine was
1.6 mg/dL, it was 1.34 mg/dL in the other group (p =
0.339). The mean basal proteinuria in the group with
increased serum creatinine was 320 mg/L, while the
other group had 161.5 mg/L (p = 0.046). While there
was no significant difference in the peripheral blood
variables (haemoglobin, white blood count, platelet
count) of the two groups, the SII value was found to
be significantly higher in the group with increased
creatinine level (823.14 vs 412.39, p = 0.013) (Table 3).

Patients were divided into two groups according
to the increase and stability of proteinuria in the first
year of follow-up after COVID. There were 25 (60.9%)
patients in the group with increased proteinuria and
16 (39.1%) patients in the other group. The two groups
had no significant difference regarding age, gender,
body mass index, and basal proteinuria. In the group
with increased proteinuria, the time elapsed after KTx
was longer (p = 0.001), the history of hypertension
was more common (p = 0.006), and systolic and di-
astolic blood pressures were higher (p = 0.031 and
0.03, respectively). While the mean basal creatinine
was 1.67 mg/dL in the increased proteinuria group, it
was 1.17 mg/dl in the other group (p = 0.001). In ad-
dition, 13 (52%) patients in the increased proteinuria
group and 1 (6.25%) patient in the other group devel-
oped AKI during the COVID-19 period (p = 0.003).
When inflammatory markers were evaluated, both
CRP (13.2 vs 7 mg/L) and SII (868.44 vs 529.96) were
found to be higher in the increased proteinuria group
(p =0.046 and p = 0.05, respectively) (Table 4).

Evaluation of Factors Associated with Increase in
Proteinuria and Serum Creatinine

Parameters associated with an increase in pro-
teinuria at one-year post-COVID were evaluated.

In the univariable analysis, the time elapsed post-
KTx, history of hypertension, AKI developed during
COVID-19, systolic and diastolic blood pressure el-
evations, serum creatinine, and SII, were associated
with post-COVID increased proteinuria. However,
only SII was associated with increased proteinuria in
the multivariable analysis (p = 0.048) (Table 5). Also,
associated factors with increased serum creatinine
were evaluated in the multivariable analysis. SII alone
was an independent predictor of the change in serum
creatinine value (p = 0.039) (Table 6).

DISCUSSION

The study investigated the changes in renal func-
tions and the factors affecting this change in the
one-year follow-up of KTx patients diagnosed with
COVID-I19. Patients with elevated serum creatinine
in first-year post-COVID had higher baseline protein-
uria and SII. We found that patients with long trans-
plantation time, hypertension and high basal creati-
nine and SII values had higher proteinuria increases
in the follow-up. The development of AKI during the
COVID period increased the risk of proteinuria in the
long term. Finally, we showed that baseline SII was an
independent predictor of the change in serum creati-
nine and proteinuria.

In COVID-19, renal damage can be seen in a wide
range, from hematuria and proteinuria to developing
severe AKI that may require RRT. While the preva-
lence of acute kidney injury (AKI) is approximately
17% in all populations during the COVID-19 period'?,
publications are reporting that it is very high, such
as 45-83% in KTx patients.*"> AKI developed during
hospitalisation in 34.1% of our patient group, and HD
need in 50% of these patients. In COVID-19, the risk
of developing AKI and the need for HD are higher
in KTx patients than in the normal population.> The
frequency of proteinuria in patients followed up for
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COVID-19 has been reported as 10-45%, and the se-
verity of proteinuria is directly related to mortality.*'®
In our study, the rate of patients with newly developed
proteinuria was 60%. This difference between studies
is due to the severity of COVID-19. While severe dis-
ease, predominantly with tubular damage, may cause
more moderate proteinuria and accompanying higher
creatinine levels, higher proteinuria levels may be de-
tected in patients with milder disease.”” In our study
group, it was impossible to differentiate tubular or
glomerular damage due to the failure of any patient to
undergo a kidney biopsy.

Knowing the mechanisms that cause renal damage
in COVID-19 is essential for what we should pay at-
tention to in the follow-up of renal functions. While
systemic inflammation (cytokine storm) and immune
dysregulation are the primary factors causing organ
damage, acute tubular injury is the most common his-
topathological finding.>* The association of inflam-
matory markers with COVID-19 has always been of
interest, as systemic inflammation and immune dys-
regulation are significant causes of renal injury during
COVID-19. Inflammatory markers have been used to
diagnose the disease or predict its prognosis, but there
is no study on how they can predict damage in any or-
gan system in the long term. SII is a stronger predictor
of inflammatory status than traditional inflammatory
markers such as NLR, PLR, and monocyte/lympho-
cyte ratio (MLR).!'31 In COVID-19, it has been de-
termined that the prognostic value of SII is stronger
than inflammation indicators such as NLR, derived
NLR (d-NLR), MLR, and PLR.?*?' The usefulness of
SII in identifying COVID-19 patients at higher risk
of death is attributed to the different roles played by
lymphocytes, neutrophils, and platelets during the
disease response.?

Our study is the first to show that SII, an important
indicator of systemic inflammation, is associated with
increased creatinine and proteinuria in the long term
after COVID-19. Kidney injury during COVID-19
results from increased local and systemic inflamma-
tion and microthrombotic events on both tubules and
glomeruli.** The relationships between tubular inju-
ry markers with increased interleukin 6 (IL-6) level,
collapsing glomerulopathy and inflammatory cyto-
kine production, and systemic inflammation mark-
ers such as NLR and CRP with the severity of renal
injury are findings that draw attention to the role of
inflammation in renal injury in COVID-19. Consider-
ing all these findings, SII, one of the strong indicators

of systemic inflammation, may also be an important
predictor in the relationship between COVID-renal
dysfunction.”* Patients with high SII values may be
exposed to more renal inflammation and have worse
renal functions in the long term. Many studies are
showing that, in COVID-19, SII is a useful indicator
to predict the development of AKI, that patients with
AKI have higher white blood cell and CRP levels
than patients without AKI, and patients with evidence
of renal involvement, have higher white blood cell
counts and lower lymphocyte count. All these studies
support our hypothesis.'®32¢

Neutrophil-related endothelial damage is the other
mechanism thought to cause renal injury in COVID-19
patients.1%>*”-2® Tumor necrosis factor (TNF) overac-
tivation increases the oxidative stress of the glomeruli
in addition to direct renal endothelial damage. Cyto-
kines such as interferons (IFN: alpha and beta) also
cause podocyte dysfunction and glomerulosclerosis.”
The increased neutrophil activity also causes platelet
activation, increasing inflammatory cytokine produc-
tion and microthrombus formation.** Evidence of ex-
tensive endothelial inflammation, inflammatory cell
deposits, and endotheliitis in post-mortem autopsies
supports this theory.*® Proteinuria is a consequence
of this hyperinflammatory state.’® Over time, the in-
creased expression of all these cytokines and the role
of local tissue inflammation in renal cells have be-
come more evident in COVID-19.* Since high SII
is an indicator of increased neutrophil and platelet
counts and indirectly increased activity of these two
cells, it can be considered an indirect indicator of en-
dothelial damage.

SII is helpful with other inflammatory markers
to predict prognosis after kidney transplantation.*
In addition, when studies reporting the relationship
between delayed graft function and the development
of acute rejection and inflammatory markers* and
the relationship between high NLR-PLR and the de-
velopment of immunological damage are evaluated,
SII may be an important indicator of both renal and
overall survival in KTx patients. The role of SII in
predicting renal survival in KTx patients includes
neutrophilia and thrombocytosis that occur during
ischemia-reperfusion injury, which contributes to
the formation of immunogenic microthrombi in renal
vascular structures.3*3

Regardless of allograft function and underlying re-
nal allograft histology, the level of proteinuria at any
time after transplantation is one of the main deter-
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minants of graft survival.’” Bajpai e al.”® found that
basal proteinuria level is an independent predictor of
renal survival in the follow-up of renal functions after
COVID-19. Our study found that creatinine increas-
es were higher in the first year in patients with high-
er initial proteinuria. In addition, it was determined
that transient proteinuria due to post-COVID febrile
disease resolved within three weeks. It is also known
that the increase in proteinuria in the follow-up indi-
cates increased long-term mortality in KTx patients.'®
Therefore, proteinuria detected in the COVID-19 pe-
riod should be followed up, and transient proteinuria
should be differentiated from long-term proteinuria in
the early period.

We found that patients with increased proteinuria
during long-term follow-up developed more AKI
during COVID-19. AKI, proteinuria, and hematu-
ria developing during COVID-19 are independently
associated with a higher risk of death.?*** This can
be explained by the increase in the severity of the
disease and the increase in organ dysfunctions. The
demonstration that patients who develop proteinuria
during hospitalisation have a worse prognosis can
also be interpreted as the renal reflection of the sys-
temic inflammatory state. Although publications re-
port that 35-60% of patients who develop AKI during
COVID-19 have permanent deterioration in renal

| Kidney Tx patients with COVID-19 |

I Total (n): 75 I
8' PCR(-)n=20 I

Total (n): 41

Missing Data n=9

function during follow-up’*, there are also studies
showing all patients who develop AKI return to their
initial kidney functions.” This difference is because
the severity of the disease differs between studies.
As in our study group, hypertension is the most
common co-morbidity in COVID-19 patients and is
a risk factor for severe illness and death. Impaired
hypertension regulation is also an independent pre-
dictor of the development of AKI.40 We found that
creatinine and proteinuria increases were higher in
patients with a history of hypertension during fol-
low-up. The relationship between hypertension and
COVID-19 is explained by the interaction of the virus
with ACE2, the gateway to hosting cells*, and endo-
thelial dysfunction.* Tubular and glomerular viscer-
al epithelial cells of the kidney are the main targets
of SARS-CoV-2. The resulting inflammatory state
increases endothelial damage while the endothelium
is not expected to be directly infected with SARS-
CoV-2.28 Our patient group also found that blood pres-
sures were higher than basal levels at the end of fol-
low-up in groups with both proteinuria and creatinine
increases. Other reasons for the deterioration in blood
pressure regulation in our patients may be the discon-
tinuation of RAS blocker drugs in the early stages of
the epidemic, with the belief that ACEi or ARB drugs
adversely affect the course of the disease or the fact
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of KTx patients should be individualized.

Conclusion: Clinical and laboratory features can provide information about renal problems, therefore, the post-COVID follow-up process

Figure 1. Study brief.
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that the virus may change the homeostasis of the re-
nin-angiotensin-aldosterone system (RAAS) with the
ACE2 interaction.®

Longer transplantation time is associated with
higher mortality and more frequent AKI during
COVID-19° We found that patients with a long
transplantation period have more proteinuria after
COVID-I19. This is due to the advanced age of the
graft being more prone to renal injury.

In the long term, one of the critical factors affecting
renal functions is the immunosuppressive treatments
reduced during COVID-19. All of our patients’ im-
munosuppressive therapies were returned to the basal
levels within two weeks at the latest after COVID. In
a study evaluating the effects of reduced immuno-
suppressive treatments on renal functions in the early
post-COVID period (within the first three weeks), it
was observed that patients with reduced immunosup-
pression had better graft function in the early period,
which was attributed to a temporary glomerular fil-
tration rate elevation as a result of reduction of cal-
cineurin inhibitors (CNI).** Immune dysregulation
due to COVID-19 may trigger disease activation or
acute T-cell-mediated graft rejection in patients with
the underlying immune disease.* Studies, including
histopathological evaluations, show that rejection fre-
quency is very low in the early period, and reduced
immunosuppression is well tolerated.>*"*'5 However,
rejection should be considered in the differential di-
agnosis of patients with proteinuria or increased cre-
atinine in long-term follow-up. Since a kidney biopsy
was not performed on any patient in our study, we
can’t comment on this situation.

Our study has some limitations. One of the most
important limitations of our study is the absence of
a control group. The limited number of patients is
another limitation. The fact that no biopsy was per-
formed in any patient with proteinuria or increased
creatinine prevents us from commenting on the type
of renal dysfunction that developed. Although DSA
test positivity was taken as an exclusion criterion
since it would lead to suspicion of graft rejection, the
most important limitation of this study is that kidney
biopsy could not be performed in patients with in-
creased creatinine or worsening proteinuria.

CONCLUSIONS

As a result, we have shown that clinical and labo-
ratory features such as high SII, increased proteinuria,

hypertension, development of AKI, and long post-
transplant time can provide information about renal
problems we may encounter in the long term (Figure
1). Therefore, the post-COVID follow-up process of
KTx patients should be individualised.

Highlights

+  Patients with high SII were more fragile re-
garding renal functions after COVID-19.

»  SII was an independent predictor of the change
in serum creatinine and proteinuria after COVID-19.

*  Post-COVID renal dysfunction may be more
severe in patients with high initial proteinuria and
creatinine level.

+ Patients with a long transplantation period
and hypertensive had higher renal dysfunction risk in
the long term after COVID-19.
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ABSTRACT
Background This study aimed to retrospectively examine the morbidity and mortality rates after discharge
of patients who applied to the emergency department with high D-dimer values but had no pathology
upon evaluation.
Material and Methods Patients over the age of 18 who applied to Bursa Uludag University Faculty
of Medicine Emergency Department with preliminary diagnosis of pulmonary embolism in a two-
year period between January 2018 and December 2019 were included in the study. The patient group
consisted of cases with high D-dimer levels while the control group inluded patients with negative
D-dimer and no pathology on discharge.
Results A total of 594 cases; 297 D-dimer positive (+) and 297 D-dimer negative (-), were included in
the study. A significant difference existed between the percentage of patients developing illness post-
discharge in the D-dimer (+) 18.86% (n=56) and D-dimer (-) 1.68% (n=5) groups, respectively. The most
common illness identified in the dimer (+) group after discharge up was pneumonia (n=11), followed
by Coronary Artery Disease (n=5). Death rate was 1.68% (n=5) in the D-dimer (-) group and 11.78%
(n=35) in the D-dimer (+) group; a statistically significant difference (p=0.001).
Conclusions In conclusion, both morbidity and mortality rates were found to be significantly higher in
the D-dimer positive group.
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Introduction

D-dimer is a fibrin degradation product.! Blood
D-dimer level increases in various conditions related
to coagulation.”? D-dimer; a fast, simple and cheap test,
is performed to rule out deep vein thrombosis (DVT)
and pulmonary embolism (PE).> Normal plasma
D-dimer level is usually less than 500 micrograms
per liter (ug/L).* In many studies, the formula;
Agex10=ng/mL, is proposed for the threshold value
in patients over 50 years of age.’ Blood D-dimer levels
may be high in old patients, patients with cancer or
systemic infection, pregnancy, recent surgery or
trauma.* D-dimer may also increase in infectious
diseases such as endocarditis and mycoplasma
pneumonia.®’ D-dimer has high sensitivity and low
specificity in the diagnosis of acute aortic dissection
(AAD).S

D-dimer is not only a diagnostic tool, but
also a useful biomarker in predicting prognosis.’
D-dimer levels are found to be high in patients with
community-acquired pneumonia and may help in
determining the risk of mortality.” Rodelo et al.!
Reported higher mortality rates in septic patients
with elevated D-dimer levels. High D-dimer values,
especially in lung malignancies, is associated with
poor prognosis.'? Our objective was to retrospectively
examine the morbidity and mortality rates after
discharge of patients who applied to the emergency
department with high D-dimer values but had no
pathology upon evaluation.

Material and Methods

This study, a specialization thesis, was carried
out retrospectively with the approval of Uludag
University Faculty of Medicine Clinical Research
Ethics Committee dated 16 June 2021 number 2021-
8/25. Patients over the age of 18 who applied to Bursa
Uludag University Faculty of Medicine Emergency
Department with preliminary diagnosis of pulmonary
embolism in a two-year period between January 2018
and December 2019 were included in the study. Data
was obtained through Mia-Med Hospital Information
and Management System and E-pulse electronic
system. The patient group consisted of cases with
high D-dimer levels while the control group included
patients with negative D-dimer without any pathology
upon discharge.

The upper limit for plasma D-dimer concentration
was accepted as 500 ng/mL in young patients,
whereas the corrected formula (Agex10=ng/mL) was
used in patients over 50 years of age. D-dimer above
these values were accepted as positive (+) while
D-dimer below these values were considered negative
(-). Patients were followed up through Mia-Med
and E-pulse electronic system until January 2022.
In cases where sufficient data could not be found,
patients or their relatives were reached to using the
contact information registered in our system.

Statistical Analysis

In calculating the sample size of the study, Power
was 0.80 for each variable, Effect size was 0.2, and
Type-1 error (a) was 0.05. Descriptive statistics for
continuous variables were; Mean/median, standard
deviation, minimum and maximum whereas
categorical variables were expressed as number (n)
and percentage (%). Continuous measurements’
distribution was examined by Kolmogorov-Smirnov
(n>50) and Skewness-Kurtosis tests. In the case
of normal (parametric) distribution of continuous
variables, comparisons according to categorical
factors were made using the independent T-test
(Single-test).

Results

A total of 594 cases; 297 D-dimer (+) and 297
D-dimer (-), were included in the study. Table 1
showed the distribution of cases according to age,
D-dimer, period after discharge and gender. As seen
in Table 1, the mean age of D-Dimer (+) patients
was significantly higher (p<0.05). The period
(days) between discharge and control dates had no
significant difference according to the D-Dimer
groups (p>0.05). Distribution of patients according
to D-dimer groups and the outcomes were shown in
Table 2 and Figure 1. As seen in Table 2, morbility and
mortality rate was significantly higher in the D-dimer
(+) group (p<0.001). Diseases detected in both groups
are shown in Table 3. As seen in Table 3, the most
common disease identified in the dimer (+) group
was pneumonia (n: 11), followed by coronary artery
disease (n: 5), cholecystitis (n: 4), and pyelonephritis
(n: 4), respectively.
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Table 1. Comparison between the distribution of patients’ age, D-dimer, period after discharge and gender

according to D-dimer groups.

D-dimer negative D-dimer positive P value
Age (years) 43.26%15.21 50.03+18.99 0.001*
Gender (male/female) n (%) 184 (61.95)/113 (38.05) 143 (48.15)/154 (51.85) 0.001**
D-dimer (ng/mL) 325.12t116.44 1691.95+1656.63 0.001*
Period (days) 1201.98+78.99 1250.48+692.85 0.231*

*Student’s t test, ¢ Fisher’s exact test, T Pearson Chi-Square test, § Mann-Whitney U test.
ER: estrogen receptor, PR: progesterone receptor, DCIS: ductal carcinoma in situ, LVI: lymphovascular invasion,

LN: lymph node metastasis.

Table 2. Distribution of patients according to D-dimer groups and the outcomes.

D-dimer negative D-dimer positive P value*
Healthy n (%) 287 (96.63) 206 (69.36) 0.001
I n (%) 5(1.68) 56 (18.86) 0.001
Exitus n (%) 5(1.68) 35(11.78) 0.001
Total n 297 297 0.231

*significance levels according to two-ratio Z-test results.

Discussion

D-dimer is a fast and cheap test included in PE
diagnostic algorithms.>* However, blood D-dimer
values can increase in many diseases other than PE.*67
D-dimer is also a useful biomarker in predicting
prognosis.® In our study, we followed up patients
with high D-dimer levels that were discharged after
evaluation in the ED without any pathology. Blood
D-dimer level is generally higher in the elderly.* For
this reason, the corrected formula (Agex10=ng/mL)
is recommended for the threshold value in patients
over 50 years old.> In our study, the mean age of
D-Dimer (+) patients was found to be significantly
higher.

High D-dimer levels in pneumonia is directly
proportional to severity.'” In our study, the most
common disease in the dimer (+) group during
follow-up was found to be pneumonia (n:11). Studies
have revealed high D-dimer levels in patients with
coronary arter disease.” Another study has shown
that high D-dimer levels are associated with coronary

Table 3. Distribution of illnesses according to

D-dimer groups.

Tliness n (%)
Factor 5 Leiden mutation 1(20)
Hepatitis B infection 1(20)
D-dimer negative Myocardial infarction 1(20)
Stomach carcinoma 1(20)
Papillary thyroid carcinoma 1 (20)
Total 5 (100)
Pneumonia 11 (19.6)
Coronary artery disease 5(8.9)
Cholecystitis 4(7.1)
Pyelonephritis 4(7.1)
D-dimer positive COVID-19 3(54)
Malignancy 3(5.4)
Pulmonary embolism 3(54)
Peripheral artery disease 3(5.4)
Sepsis 2(3.6)
Others 18 (32.1)
Total 56 (100)
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Figure 1. Distribution of patient outcomes according to D-dimer groups.

arter disease occurring under the age of 45."° In our
study, we also encountered coronary arter disease
in the D-dimer (+) group. A study has shown that
D-dimer predicts the presence of bacteremia in
septic patients and is correlated with the severity of
sepsis.'® In another study, high D-dimer levels were
associated with severe organ dysfunction and high
mortality.”” Sepsis was another disease identified in
the dimer (+) group during our follow-up. Peripheral
artery disease is also related to high D-dimer levels."®
In our study, peripheral arterial disease was detected
in some cases among the dimer (+) group.

D-dimer is a test with high sensitivity but low
specificity in the diagnosis of PE.> We identified only
3 (5.4%) PE patients in the dimer (+) group during our
follow up period. In cases of malignancy, intravascular
stasis, released cytokines and coagulation factors,
and vascular injuries caused by chemotherapy lead
to increased D-dimer values."” High blood D-dimer
concentration during pre-treatment period in small
cell lung cancer may be a reliable factor to predict
prognosis."  Another disease group encountered
in the dimer (+) group during our follow-up was
malignancy.

Elevated D-dimer is frequently detected in patients
with COVID-19 and is significantly associated with

high mortality risk.?” In our study, we came across
some COVID-19 cases in the dimer (+) group.

D-dimer is not only a diagnostic tool, but also
a useful biomarker in predicting prognosis.” High
D-dimer is frequently encountered in critically ill
patients and is inversely proportional to survival.”!
D-dimer levels may be helpful in determining
the risk of mortality in patients with community-
acquired pneumonia.'’ Elevated D-dimer in COVID
pneumonia are associated with severity and increased
risk of mortality.?> D-dimer has been found to correlate
with the severity of sepsis.'® D-dimer correlate with
the prognosis in cancer patients.”® High D-dimer,
especially in lung malignancies, is associated with
poor prognosis.'?

Conclusions

As a result, both morbidity and mortality rates
were found to be significantly higher in the D-dimer
(+) group during follow-up. A closer follow-up of
D-dimer positive cases will be beneficial in cases
discharged without acute pathologies during ED
evaluation and adding D-dimer to the screening
program is likely to positively affect prognosis.
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ABSTRACT

Acute limb ischemia is a rare condition in patients with venous thromboembolism (VTE), who

already receive anticoagulation treatment. Inflammation is a risk factor for thrombus formation. Patients with
active ulcerative colitis, especially at time of exacerbation, are more prone to thromboembolism, both venous
and arterial. Risk for thrombosis is 18% higher risk, with also higher risk of bleeding. Up to date, there is no
contraindication to any anticoagulant drug in patients with ulcerative colitis. We represent a case of a 73 year -
old woman with ulcerative colitis (UC) exacerbation, hospitalized initially for pulmonary thromboembolism,
that developed acute arterial thrombosis when switched on novel oral anticoagulant (NOAC).
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INTRODUCTION

Ulcerative colitis (UC) is a highly inflammatory dis-
ease with various intestinal and extraintestinal manifes-
tations. The elevated risk of thromboembolism in pa-
tients with UC, especially in acute exacerbation, is well
documented. Acute arterial thrombosis is a rare condi-
tion in patients already on anticoagulation therapy due to
venous thromboembolism (VTE).! We presented a rare
case of acute limb ischemia in a patient treated with ri-
varoxaban for pulmonary thromboembolism occurring
during acute exacerbation of UC. .

CASE REPORT

A 73-year-old woman was transferred from the
clinic of gastroenterohepatology. She was initially
hospitalised for moderate UC exacerbation because
of computer tomography pulmonary angiography
(CTPA) finding of segmental pulmonary thromboem-
bolism (PTE) with thrombus on the branching of the
left pulmonary artery. Her previous medical history
revealed hypertension, except for UC, diagnosed 40
years ago. Before hospitalisation, the patient was treat-
ed with mesalazine for UC. Additionally, she received
carvedilol, spironolactone, pantoprazole, perindopril
and furosemide. During her stay in the gastroentero-
hepatology clinic, she received additional metronida-

zole, methotrexate and corticosteroid treatments. On
admission, the patient was hemodynamically stable
with a blood pressure of 140/80 mmHg, ECG show-
ing sinus rhythm with 90 bpm and an S1Q3T3 pattern.
Her oxygen saturation was 88% on ambient air. The
initial laboratory showed mild microcytic anaemia
with haemoglobin levels 10 g/L, elevated troponin
levels (984 ng/L) and D-dimers (1,548 mmol/L), as
well as high inflammatory markers (C-reactive protein
[CRP] 95 mg/L). Liver and kidney laboratory param-
eters and other values were in their referential range.
Bedside echocardiography showed dilated right ven-
tricle (50 mm), pulmonary artery hypertension with
systolic pulmonary artery pressure (SPAP) 60 mmHg,
moderate tricuspid regurgitation and collapsible vena
cava inferior with a diameter of 21 mm. The right ven-
tricle was with preserved function (TAPSE 18, S* 9).
There were no structural or functional abnormalities
of the left ventricle. Venous Doppler ultrasound of
the lower extremities also did not show any abnor-
malities. Treatment was started with low molecular
weight heparin (LMWH) with a dose of 1 mg/kg/12
h. Additionally, she received parenteral antibiotics,
beta-blockers (BB), angiotensin-converting enzyme
inhibitors (ACEi), thiazide diuretics and proton pump
inhibitors (PPI). On the seventh day of her hospital-
isation, she was switched from LMWH to apixaban 5

Figure 1. Anteroposterior view of peripheral angiography
demonstrating thrombus occluding the distal part of the
superficial femoral artery.

Lateral

Figure 2.
demonstrating occlusion of the distal part of the superficial
femoral artery.

view of peripheral angiography
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mg twice daily.?

Two days later, she complained of pain and par-
esthesia on the left foot. The examination showed a
pale, cold left foot with no pulsation on the dorsal
pedal artery. Doppler ultrasound was made with ab-
sent signals on the superficial femoral artery, poplite-
al and posterior tibial artery. Computed tomography
angiography of the lower extremities showed an acute
thrombus with a length of 22 ¢cm occluding the distal
part of the left femoral artery continuing up to the exit
site of the anterior and posterior tibial artery.® (Figure
1 and 2).

The patient was again switched on LMWH 1 mg/
kg/12 h. Dual antiplatelet therapy and a high dose of
statins were immediately started. No abnormality
was observed in thrombophilia examinations. After
consulting a vascular surgeon, an indication for emer-
gency surgery was made. The patient was transferred
to the University Clinic of Cardiac Surgery, where a
thrombectomy was made immediately after admis-
sion. The Doppler ultrasound postoperatively showed
normal signals on the dorsal pedal artery. There was
no loss in motorial and sensory function of the foot,
but there was necrosis starting from the toe and tip of
the second and third finger due to reperfusion isch-
emia. After a few days, the demarcation line devel-
oped in the necrotic tissue and reached the first three
fingers. She was transferred to a plastic surgeon for
finger amputation. The patient was then discharged
home. On her ambulatory control after one month,
the patient was in good condition, and the wound was
healing well. Unfortunately, she was suffering from
depression that developed due to her amputation.

DISCUSSION

Patients with active UC, especially during an exac-
erbation, are more prone to venous and arterial throm-
boembolism, with an 18% higher risk for VTE. The
arteries and veins in the upper and lower limbs, digits,
cerebral and retinal vasculature, pulmonary, portal,
hepatic, retinal, mesenteric and cardiac systems have
all been reported to be involved with thromboembolic
events.>*

On the other hand, the risk of bleeding in this pa-
tient population is also higher, which should be con-
sidered when choosing a suitable anticoagulant. The
current practice in treating VTE for patients with
inflammatory bowel disease (IBD) is similar to pa-
tients with non-IBD.>* Anticoagulation with unfrac-

tionated heparin or low-molecular-weight heparin is
recommended in the acute setting, with the eventual
transition to oral anticoagulation. For novel anticoag-
ulants (NOACs), new evidence from studies suggests
that they have comparable efficacy to that of vitamin
K antagonists (VK As) with a more favourable safety
profile.®

Although NOACs are not officially approved for
treating arterial thrombosis, ongoing studies show
promising results. Rivaroxaban is the only NOAC
approved for secondary prevention of arterial throm-
bosis, together with aspirin.” Nevertheless, developing
arterial thrombosis while on NOAC:s is a rare condi-
tion. Compared to VKAs such as warfarin, NOACs
have more predictable pharmacokinetics and do not
need to be routinely monitored in the laboratory for
their plasma level. However, due to the variation in
the plasma drug level between the individuals, some
patients may be at increased risk of treatment failure
or bleeding events.

CONCLUSIONS

Acute arterial limb thrombosis in patients already
on NOAC because of VTE is rare but possible in
extraordinary conditions like UC. To date, the con-
centration of anti-Factor Xa is the only way to eval-
uate the treatment’s efficacy indirectly.® It should be
routinely taken in patients undergoing therapy with
NOAUC:s. There are still no guidelines that can stratify
patients with UC as low or high risk for thromboem-
bolism. More research is needed on the efficacy of
anticoagulation drugs in this specific patient group.’
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ABSTRACT

Bacterial co-infections in patients with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
pneumonia are not very common as the prevalence of co-infections with other respiratory viruses. The rate of
bacterial co-infection in hospitalised patients infected with influenza is higher than 30%, whereas it is lower
than 4% in hospitalised patients with SARS-CoV-2. Respiratory viral infections associated with bacterial
co-infection have higher mortality and morbidity rates. The literature shows that most SARS-CoV-2 patients
admitted to the hospital do not necessarily screen for bacterial infections and antimicrobial susceptibility.
Therefore, clinicians’ misdiagnosis of these co-infections can pose a significant risk to the lives of vulnerable
patients with COVID-19. In that light, we presented a complicated case of methicillin-resistant Staphylococcus
aureus.
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INTRODUCTION

Coronavirus disease-19 (COVID-19) was first re-
ported in December 2019 in China’s Wuhan city and
then spread worldwide. Later on March 11, 2020, the
COVID-19 pandemic was declared after being report-
ed in many countries. Since the first COVID-19 pan-
demic, severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) has infected more than 370 million
people, including over 5 million deaths. Both viral and
bacterial respiratory infections substantially contribute
to the burden of mortality and morbidity worldwide.'
Bacterial co-infection is a life-threatening complication
in many respiratory viral infections, contributing to the
severity of the disease in the form of respiratory failure,
shock, prolonged stay in the intensive care unit (ICU),
and even death.> SARS-CoV-2 causes pneumonia and
multi-organ failure, including myocarditis and thrombo-
sis, as well as hypoxic-type respiratory failure.* SARS-
CoV-2 infection makes the patients vulnerable to bacteri-
al co-infections. However, the mechanisms of respiratory
co-infection and the likelihood of bacteraemia favouring
the respiratory tract epithelium are still unknown.?

The 1918 influenza pandemic data showed that near-
ly all deaths were caused by bacterial co-infection, in-
cluding the most prevalent pathogens as Streptococcus
pneumoniae, Staphylococcus aureus (S. aureus), Be-
ta-hemolytic streptococci, and Haemophilus influen-
za.* Similarly, in the 2009 influenza pandemic, around
55% of the patient’s autopsy samples were positive for
bacterial co-infections.” The SARS-CoV-1 and Middle
East Respiratory Syndrome (MERS-CoV) coronavirus-

Figure 1. Chest X-ray showing bilateral infiltrates.

es pandemic reported 20% and 30% of cases with bac-
terial co-infections.® However, research on the current
pandemic has shown that patients with SARS-CoV-2
infection have lower than 4% of bacterial co-infections.
Since bacterial co-infections with SARS-CoV-2 pneu-
monia have a known clinical impact, the disease might
be missed diagnosed due to the low yield of diagnostic
tests.?

For the benefit of public health, it is essential to as-
sess the various uncertainties surrounding the effects of
bacterial co-infections during the pandemic, particular-
ly in intensive care settings. Here, we described a case
of bacterial co-infection in a COVID-19 patient who
was severely infected by methicillin-resistant S. aureus
co-infection, along with their presentation, radiographic
observation, and the outcomes.

CASE REPORT

A 90-year-old male patient who had previously
been diagnosed with ischemic heart disease and hy-
pertension was presented to the emergency room with
several health complications, including shortness of
breath, angina, fever, and a severe dry cough that had
been going on for the previous six days. He was hos-
pitalised in the intensive care unit (ICU) after being
diagnosed with hypoxemic respiratory failure caused
by COVID-19 pneumonia with oxygen saturating
of 82% on room air. On admission to the emergen-
cy room, his widespread weakness, loss of appetite,
taste, and smell were also noticed. He was breathing
at a rate of 20 breaths per minute (bpm) with a heart

Figure 2. The graph illustrates reverse transcription PCR
gene detection; red represents nucleocapsid, blue represents
RNA-dependent RNA polymerase gene, and green
represents internal control.
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rate of 82 bpm and a temperature of 38.* °C. He was
found to have leukopenia with a leucocyte count of
5,700 mcL and a low neutrophil count of 88 mcL. The
erythrocyte sedimentation rate (ESR) was elevated to
52 mm/h, with elevated interleukin-6 (IL-6) 12.7 pg/
mL, C-reactive protein 3.2 mg/L, and procalcitonin
(PCT) 0.4 pg/L, respectively. The chest radiograph
showed multifocal pneumonia (Figure 1).

A rapid COVID-19 antigen test detected him as
positive for COVID-19. Therefore, a nasopharyngeal
sample was collected for further testing. Nasal cul-
tures were collected from the patient using sterile
cotton, plated on mannitol salt agar (MSA; Becton
Dickinson Microbiology Systems), and incubated at
35 °C for 48 hours. We detected golden colour col-
onies on the MSA plate and subcultured on a tryp-
ticase soy agar supplemented with 5% sheep blood
plates (Becton Dickinson Microbiology Systems) and
incubated it at 35°C overnight. S. aureus was identi-
fied through colony morphology, a latex agglutination
assay (Remel, Lenexa, KS), and a tube coagulase test
using ethylenediaminetetraacetic acid (Becton Dick-
inson Microbiology Systems). S. aureus isolates were
screened for methicillin resistance using the National
Clinical and Laboratory Standards Institute disk dif-
fusion method. Disk diffusion was conducted using
a 1 pg oxacillin disk with Mueller-Hinton agar. The
agar plates were incubated overnight at 35°C and
measured the zone diameters.

He received both enteral and intravenous drugs
with supplementary oxygen treatment. His PCR test
showed positive results for the RNA-dependent RNA

Figure 3. Antibiotic susceptibility pattern of methicillin-
resistant S. aureus.

genes of SARS-CoV-2 on the second day of admis-
sion (Figure 2). He was treated primarily with remde-
sivir and hydrocortisone along with normal saline for
the COVID-19 infection. Despite the high-flow nasal
cannula’s assistance (15 L/min), he was tachycardic
and tachypneic. Therefore, he was intubated for fur-
ther support on the third day of admission to the ICU.
However, his repeated tests revealed an increase in
the level of IL-6 of 33 pg/mL, PCT 0.6 ng/L, lactate
dehydrogenase (LDH) 452 U/L, random blood sug-
ar 141 mg/dL, total leukocyte count (TLC) 9,070/uL
and platelets 32.7x 10*/uL. Low levels of albumin and
electrolytes were observed. However, alanine amino-
transferase (ALT) and blood urea nitrogen (BUN) lev-
els were raised to 55 U/L and 52 mg/dL, respectively.
On culturing, it was revealed that he had bacteraemia
and S. aureus co-infection. The culture of S. aureus
was grown on differential media to confirm the iso-
lates, and through Kirby Baur disk diffusion assay,
the isolates showed resistance to oxacillin antibiotics
(Figures 3 and 4). His therapy, antivirals, and sup-
portive medication were further adjusted with pipera-
cillin/tazobactam antibiotics for bacterial infections.
Unfortunately, his health condition was severely ex-
acerbated due to bacterial co-infection and finally ex-
pired on day seven of his post-hospital admission.

DISCUSSION

The patient presented to the ICU had a history of
ischemic heart disease and hypertension. The patient
had a productive dry cough with sputum production. A

Figure 4. Growth of methicillin-resistant S. aureus on
mannitol salt agar with characteristics of golden yellow
colonies.
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productive cough is not a unique finding for bacterial
pneumonia because, according to a Zhou et al study,
50% of patients with SARS-CoV-2 infection had a
similar presentation. The chest radiograph of the pa-
tient showed pneumonia with bilateral infiltrates. His
rapid SARS-CoV-2 antigen test and PCR both were
reported positive for COVID-19. Positive growth for
S. aureus was seen in the sputum and nasopharyngeal
swab cultures. The isolates showed resistance to ox-
acillin, one of the markers for methicillin-resistant S.
aureus (MRSA) identification. According to the lab
results, the patient had leukopenia and high ferritin,
IL-6 and PCT levels.

Khilnani et al® reported that immunocompro-
mised, critically ill, and ICU patients were more sus-
ceptible to bacterial co-infections with increased usage
of preventive or therapeutic antibiotics than non-inva-
sive patients. Older people who live in nursing homes
for long-term care also have a high risk of caring for
S. aureus. Liu et al® reported that the prevalence of
MRSA in upper respiratory tract-infected patients
was associated with high mortality ranging from 18.°
to 30.0%. Co-infections can increase the severity of
the disease and even mortality rates. According to Pa-
checo et al'’, the overall co-infection rates in respira-
tory diseases can reach up to 68% of hospitalised pa-
tients co-infections could be explained by a possible
dysregulation of the host immune response in case of
infection with one pathogen, making the subsequent
infection with the other pathogen more accessible. In
previous viral pandemics, S. aureus was the leading
cause of secondary bacterial infections, considerably
increasing patient mortality rates. For influenza virus
infection, mainly, S. aureus co-infection and bacter-
aemia were associated with mortality rates of nearly
50%, in contrast to the 1.4% mortality rates observed
in influenza-infected patients alone.'” A more similar
phenomenon with reinfection and co-infection during
the recent COVID-19 pandemic was recorded, which
severely affected the hospitalised patients."

Bacterial co-infections in respiratory viral infec-
tions are the leading cause of morbidity and mortality.
According to Zhou et al’ and Lai et al., 12 studies
on the 1918 influenza pandemic, between 20 and 60
million deaths were caused by bacterial co-infection
rather than the virus itself. Although the rate of bac-
terial co-infection in COVID-19 is unclear, several
studies reported that the rate is significantly lower
than in prior pandemics.'> Due to the lack of resourc-
es and the heavy burden on the healthcare system
during a pandemic, COVID-19 patients are not being

thoroughly diagnosed with co-infections.” In recent
research, individuals with COVID-19 who also had
S. aureus co-infection had the greatest fatality rate,
at 61.7%."> The primary S. aureus co-infection di-
agnosis in individuals admitted to a medical facility
suggests that the community serves as a favourable
environment for the spread of pathogenic infections.”
The mortality rate in S. aureus bacteraemia is associ-
ated with the severity of the disease, age, acute renal
failure, length of mechanical ventilation, and antimi-
crobial resistance."* The patient’s laboratory examina-
tion showed low albumin and electrolyte levels and
increased ESR. He was given plenty of intravenous
fluids, antivirals, antibiotics, anti-allergic, and hydro-
cortisone. Due to severe bacteraemia and COVID-19
complications, he expired on the seventh day of his
post-hospital admission.

CONCLUSIONS

S. aureus is an opportunistic pathogen for humans
and animals amongst the staphylococcal species with
low guanine-cytosine content. It is also known as
a commensal coloniser of the skin, nares and nasal
cavity. It can enter the body through openings in the
skin and cause various infections, from minor skin to
life-threatening blood infections. The empirical an-
ti-MRSA therapy methods were included with vanco-
mycin hydrochloride or linezolid plus guideline-rec-
ommended standard antibiotics such as B-lactam,
macrolide, or tetracycline hydrochloride, or extend-
ed-spectrum of quinolone.15 We propose that despite
the low level of bacterial co-infection associated with
COVID-19, it is important to investigate a severe-
ly ill patient for a possible co-infection. The role of
evaluating empirically covering co-infections is very
significant. Proper and timely evaluation of bacterial
co-infection in high-risk patients may overcome the
rate of morbidity and mortality.
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