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Basophilic Stippling and Chronic Lead Poisoning

(A) Bone marrow smears and (B) peripheral blood smears revealing
extensive erythrocytes of coarse basophilic stippling (1000%, Wright-
Giemsa stain). Bone marrow smears showed 4+ iron stores (C) and ring
sideroblasts (D) (1000, iron stain).

Turk Hematoloji Dernegi, 07.10.2008 tarihli ve 6 no‘IL_J karari 'ile Turkish
Journal of Hematology'nin Tiirk Hematoloji Dernegi Iktisadi Isletmesi
tarafindan yayinlanmasina karar vermistir.
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AIMS AND SCOPE

The Turkish Journal of Hematology is published quarterly (March, June,
September, and December) by the Turkish Society of Hematology. It is an
independent, non-profit peer-reviewed international English-language
periodical encompassing subjects relevant to hematology.

The Editorial Board of The Turkish Journal of Hematology adheres to
the principles of the World Association of Medical Editors (WAME),
International Council of Medical Journal Editors (ICMJE), Committee on
Publication Ethics (COPE), Consolidated Standards of Reporting Trials
(CONSORT) and Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE).

The aim of The Turkish Journal of Hematology is to publish original
hematological research of the highest scientific quality and clinical
relevance. Additionally, educational material, reviews on basic
developments, editorial short notes, images in hematology, and letters
from hematology specialists and clinicians covering their experience and
comments on hematology and related medical fields as well as social
subjects are published. As of December 2015, The Turkish Journal of
Hematology does not accept case reports. Important new findings or data
about interesting hematological cases may be submitted as a brief report.
General practitioners interested in hematology and internal medicine
specialists are among our target audience, and The Turkish Journal of
Hematology aims to publish according to their needs. The Turkish Journal
of Hematology is indexed, as follows:

- PubMed Medline

- PubMed Central

- Science Citation Index Expanded

- EMBASE

- Scopus

- CINAHL

- Gale/Cengage Learning

- EBSCO

- DOAJ

- ProQuest

- Index Copernicus

- Tibitak/Ulakbim Turkish Medical Database

- Turk Medline

Impact Factor: 0.650
Open Access Policy

Turkish Journal of Hematology is an Open Access journal. This journal
provides immediate open access to its content on the principle that
making research freely available to the public supports a greater global
exchange of knowledge.

Open Access Policy is based on the rules of the Budapest Open Access
Initiative (BOAI) http://www.budapestopenaccessinitiative.org/.

Subscription Information

The Turkish Journal of Hematology is sent free-of-charge to members
of Turkish Society of Hematology and libraries in Turkey and abroad.
Hematologists, other medical specialists that are interested in hematology,
and academicians could subscribe for only 40 $ per printed issue. All
published volumes are available in full text free-of-charge online at www.

tjh.com.tr.
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Instructions for Authors
Instructions for authors are published in the journal and at www.tjh.com.tr

Material Disclaimer

Authors are responsible for the manuscripts they publish in The Turkish
Journal of Hematology. The editor, editorial board, and publisher do not
accept any responsibility for published manuscripts.

If you use a table or figure (or some data in a table or figure) from another
source, cite the source directly in the figure or table legend.

The journal is printed on acid-free paper.

Editorial Policy

Following receipt of each manuscript, a checklist is completed by the
Editorial Assistant. The Editorial Assistant checks that each manuscript
contains all required components and adheres to the author guidelines,
after which time it will be forwarded to the Editor in Chief. Following the
Editor in Chief's evaluation, each manuscript is forwarded to the Associate
Editor, who in turn assigns reviewers. Generally, all manuscripts will be
reviewed by at least three reviewers selected by the Associate Editor, based
on their relevant expertise. Associate editor could be assigned as a reviewer
along with the reviewers. After the reviewing process, all manuscripts are
evaluated in the Editorial Board Meeting.

Turkish Journal of Hematology's editor and Editorial Board members are
active researchers. It is possible that they would desire to submit their
manuscript to the Turkish Journal of Hematology. This may be creating
a conflict of interest. These manuscripts will not be evaluated by the
submitting editor(s). The review process will be managed and decisions
made by editor-in-chief who will act independently. In some situation, this
process will be overseen by an outside independent expert in reviewing
submissions from editors.
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TURKISH JOURNAL OF HEMATOLOGY
INSTRUCTIONS FOR AUTHORS

The Turkish Journal of Hematology accepts invited review articles, research
articles, brief reports, letters to the editor, and hematological images that
are relevant to the scope of hematology, on the condition that they have
not been previously published elsewhere. Basic science manuscripts,
such as randomized, cohort, cross-sectional, and case-control studies,
are given preference. All manuscripts are subject to editorial revision
to ensure they conform to the style adopted by the journal. There is a
double-blind reviewing system. Review articles are solicited by the Editor-
in-Chief. Authors wishing to submit an unsolicited review article should
contact the Editor-in-Chief prior to submission in order to screen the
proposed topic for relevance and priority.

The Turkish Journal of Hematology does not charge any article submission
or processing charges.

Manuscripts should be prepared according to ICMJE guidelines (http://
www.icmje.org/). Original manuscripts require a structured abstract. Label
each section of the structured abstract with the appropriate subheading
(Objective, Materials and Methods, Results, and Conclusion). Letters to
the editor do not require an abstract. Research or project support should
be acknowledged as a footnote on the title page. Technical and other
assistance should be provided on the title page.

Original Manuscripts
Title Page

Title: The title should provide important information regarding the
manuscript's content. The title must specify that the study is a cohort
study, cross-sectional study, case-control study, or randomized study (i.e.
Cao @Y, Li KX, Jin PF, Yue XY, Yang C, Hu X. Comparative bioavailability
of ferrous succinate tablet formulations without correction for baseline
circadian changes in iron concentration in healthy Chinese male
subjects: A single-dose, randomized, 2-period crossover study. Clin Ther
2011;33:2054-2059).

The title page should include the authors' names, degrees, and institutional/
professional affiliations and a short title, abbreviations, keywords, financial
disclosure statement, and conflict of interest statement. If a manuscript
includes authors from more than one institution, each author's name
should be followed by a superscript number that corresponds to their
institution, which is listed separately. Please provide contact information
for the corresponding author, including name, e-mail address, and
telephone and fax numbers.

Running Head: The running head should not be more than 40 characters,
including spaces, and should be located at the bottom of the title page.

Word Count: A word count for the manuscript, excluding abstract,
acknowledgments, figure and table legends, and references, should be
provided and should not exceed 2500 words. The word count for the
abstract should not exceed 300 words.

Conflict of Interest Statement: To prevent potential conflicts of
interest from being overlooked, this statement must be included in each
manuscript. In case there are conflicts of interest, every author should
complete the ICMJE general declaration form, which can be obtained at
http://www.icmje.org/downloads/coi_disclosure.zip

Abstract and Keywords: The second page should include an abstract
that does not exceed 300 words. For manuscripts sent by authors in
Turkey, a title and abstract in Turkish are also required. As most readers
read the abstract first, it is critically important. Moreover, as various
electronic databases integrate only abstracts into their index, important
findings should be presented in the abstract.

Objective: The abstract should state the objective (the purpose of the
study and hypothesis) and summarize the rationale for the study.

Materials and Methods: Important methods should be written
respectively.

Results: Important findings and results should be provided here.

Conclusion: The study's new and important findings should be
highlighted and interpreted.

Other types of manuscripts, such as reviews, brief reports, and
editorials, will be published according to uniform requirements.
Provide 3-10 keywords below the abstract to assist indexers. Use
terms from the Index Medicus Medical Subject Headings List
(for randomized studies a CONSORT abstract should be provided: http://
Wwvv.consort—statement.org).

Introduction: The introduction should include an overview of the
relevant literature presented in summary form (one page), and whatever
remains interesting, unique, problematic, relevant, or unknown about
the topic must be specified. The introduction should conclude with the
rationale for the study, its design, and its objective(s).

Materials and Methods: Clearly describe the selection of observational
or experimental participants, such as patients, laboratory animals, and
controls, including inclusion and exclusion criteria and a description of the
source population. Identify the methods and procedures in sufficient detail
to allow other researchers to reproduce your results. Provide references to
established methods (including statistical methods), provide references
to brief modified methods, and provide the rationale for using them and
an evaluation of their limitations. Identify all drugs and chemicals used,
including generic names, doses, and routes of administration. The section
should include only information that was available at the time the plan
or protocol for the study was devised (https://www.strobe-statement.org/
fileadmin/Strobe/uploads/checklists/STROBE_checklist_v4_combined.pdf).

Statistics: Describe the statistical methods used in enough detail to
enable a knowledgeable reader with access to the original data to verify
the reported results. Statistically important data should be given in the
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text, tables, and figures. Provide details about randomization, describe
treatment complications, provide the number of observations, and specify
all computer programs used.

Results: Present your results in logical sequence in the text, tables, and
figures. Do not present all the data provided in the tables and/or figures
in the text; emphasize and/or summarize only important findings, results,
and observations in the text. For clinical studies provide the number of
samples, cases, and controls included in the study. Discrepancies between
the planned number and obtained number of participants should be
explained. Comparisons and statistically important values (i.e. p-value
and confidence interval) should be provided.

Discussion: This section should include a discussion of the data. New and
important findings/results and the conclusions they lead to should be
emphasized. Link the conclusions with the goals of the study, but avoid
unqualified statements and conclusions not completely supported by
the data. Do not repeat the findings/results in detail; important findings/
results should be compared with those of similar studies in the literature,
along with a summarization. In other words, similarities or differences in
the obtained findings/results with those previously reported should be
discussed.

Study Limitations: Limitations of the study should be detailed. In
addition, an evaluation of the implications of the obtained findings/
results for future research should be outlined.

Conclusion: The conclusion of the study should be highlighted.
References

Cite references in the text, tables, and figures with numbers in square
brackets. Number references consecutively according to the order in
which they first appear in the text. Journal titles should be abbreviated
according to the style used in Index Medicus (consult List of Journals
Indexed in Index Medicus). Include among the references any paper
accepted, but not yet published, designating the journal followed by "in
press".

Examples of References:
1. List all authors

Deeg HJ, O'Donnel M, Tolar J. Optimization of conditioning for marrow
transplantation from unrelated donors for patients with aplastic anemia
after failure of immunosuppressive therapy. Blood 2006;108:1485-1491.
2. Organization as author

Royal Marsden Hospital Bone Marrow Transplantation Team. Failure of
syngeneic bone marrow graft without preconditioning in post-hepatitis
marrow aplasia. Lancet 1977;2:742-744.

3. Book

Wintrobe MM. Clinical Hematology, 5th ed. Philadelphia, Lea & Febiger,
1961.

4. Book Chapter

Perutz MF. Molecular anatomy and physiology of hemoglobin. In:
Steinberg MH, Forget BG, Higs DR, Nagel R, (eds). Disorders of Hemoglobin:

Genetics, Pathophysiology, Clinical Management. New York, Cambridge
University Press, 2000.

5. Abstract

Drachman JG, Griffin JH, Kaushansky K. The c-Mpl ligand (thrombopoietin)
stimulates tyrosine phosphorylation. Blood 1994;84:390a (abstract).

6. Letter to the Editor

Rao PN, Hayworth HR, Carroll AJ, Bowden DW, Pettenati MJ. Further
definition of 20q deletion in myeloid leukemia using fluorescence in situ
hybridization. Blood 1994;84:2821-2823.

7. Supplement

Alter BP. Fanconi's anemia, transplantation, and cancer. Pediatr Transplant
2005;9(Suppl 7):81-86.

Brief Reports
Abstract length: Not to exceed 150 words.

Article length: Not to exceed 1200 words.
Introduction: State the purpose and summarize the rationale for the study.

Materials and Methods: Clearly describe the selection of the observational
or experimental participants. Identify the methods and procedures in
sufficient detail. Provide references to established methods (including
statistical methods), provide references to brief modified methods, and
provide the rationale for their use and an evaluation of their limitations.
Identify all drugs and chemicals used, including generic names, doses, and
routes of administration.

Statistics: Describe the statistical methods used in enough detail to
enable a knowledgeable reader with access to the original data to verify
the reported findings/results. Provide details about randomization,
describe treatment complications, provide the number of observations,
and specify all computer programs used.

Results: Present the findings/results in a logical sequence in the text,
tables, and figures. Do not repeat all the findings/results in the tables and
figures in the text; emphasize and/or summarize only those that are most
important.

Discussion: Highlight the new and important findings/results of the
study and the conclusions they lead to. Link the conclusions with the
goals of the study, but avoid unqualified statements and conclusions not
completely supported by your data.

Invited Review Articles

Abstract length: Not to exceed 300 words.

Article length: Not to exceed 4000 words.

Review articles should not include more than 100 references. Reviews
should include a conclusion, in which a new hypothesis or study about the
subject may be posited. Do not publish methods for literature search or level
of evidence. Authors who will prepare review articles should already have
published research articles on the relevant subject. The study's new and
important findings should be highlighted and interpreted in the Conclusion
section. There should be a maximum of two authors for review articles.
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Perspectives in Hematology

"Perspectives” are articles discussing significant topics relevant to
hematology. They are more personal than a Review Article. Authors
wishing to submit a Perspective in Hematology article should contact the
Editor in Chief prior to submission in order to screen the proposed topic for
relevance and priority. Articles submitted for “Perspectives in Hematology"
must advance the hot subjects of experimental and/or clinical hematology
beyond the articles previously published or in press in TJH. Perspective
papers should meet the restrictive criteria of TJH regarding unique
scientific and/or educational value, which will impact and enhance clinical
hematology practice or the diagnostic understanding of blood diseases.
Priority will be assigned to such manuscripts based upon the prominence,
significance, and timeliness of the content. The submitting author must
already be an expert with a recognized significant published scientific
experience in the specific field related to the "Perspectives” article.

Abstract length: Not to exceed 150 words.
Article length: Not to exceed 1000 words.
References: Should not include more than 50 references

Images in Hematology
Article length: Not to exceed 200 words.

Authors can submit for consideration illustrations or photos that are
interesting, instructive, and visually attractive, along with a few lines of
explanatory text and references. Images in Hematology can include no
more than 200 words of text, 5 references, and 3 figures or tables. No
abstract, discussion, or conclusion is required, but please include a brief
title.

Letters to the Editor

Article length: Not to exceed 500 words.

Letters can include no more than 500 words of text, 5-10 references, and
1 figure or table. No abstract is required, but please include a brief title.
The total number is usually limited to a maximum of five authors for a
letter to the editor.

Tables

Supply each table in a separate file. Number tables according to the order
in which they appear in the text, and supply a brief caption for each.
Give each column a short or abbreviated heading. Write explanatory
statistical measures of variation, such as standard deviation or standard
error of mean. Be sure that each table is cited in the text.

Figures

Figures should be professionally drawn and/or photographed. Authors
should number figures according to the order in which they appear in the
text. Figures include graphs, charts, photographs, and illustrations. Each
figure should be accompanied by a legend that does not exceed 50 words.
Use abbreviations only if they have been introduced in the text. Authors
are also required to provide the level of magnification for histological

slides. Explain the internal scale and identify the staining method used.
Figures should be submitted as separate files, not in the text file. High-
resolution image files are not preferred for initial submission as the file
sizes may be too large. The total file size of the PDF for peer review should
not exceed 5 MB.

Authorship

Each author should have participated sufficiently in the work to assume
public responsibility for the content. Any portion of a manuscript that
is critical to its main conclusions must be the responsibility of at least
one author.

Contributor's Statement

All submissions should contain a contributor's statement page. Each
statement should contain substantial contributions to idea and design,
acquisition of data, and analysis and interpretation of findings. All
persons designated as an author should qualify for authorship, and all
those that qualify should be listed. Each author should have participated
sufficiently in the work to take responsibility for appropriate portions of
the text.
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other associations that might pose a conflict of interest in connection
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Ethics

When reporting experiments conducted with humans indicate that
the procedures were in accordance with ethical standards set forth
by the committee that oversees human subject research. Approval of
research protocols by the relevant ethics committee, in accordance
with international agreements (Helsinki Declaration of 1975, revised
2013 available at https://www.wma.net/policies-post/wma-declaration-
of-helsinki-ethical-principles-for-medical-research-involving-human-
subjects/), is required for all experimental, clinical, and drug studies.
Patient names, initials, and hospital identification numbers should not
be used. Manuscripts reporting the results of experimental investigations
conducted with humans must state that the study protocol received
institutional review board approval and that the participants provided
informed consent.
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Non-compliance with scientific accuracy is not in accord with scientific
ethics. Plagiarism: To re-publish, in whole or in part, the contents of
another author's publication as one's own without providing a reference.
Fabrication: To publish data and findings/results that do not exist.
Duplication: Use of data from another publication, which includes re-
publishing a manuscript in different languages. Salami slicing: To create
more than one publication by dividing the results of a study unnecessarily.

We disapprove of such unethical practices as plagiarism, fabrication,
duplication, and salami slicing, as well as efforts to influence the
review process with such practices as gifting authorship, inappropriate
acknowledgments, and references. Additionally, authors must respect
participants' right to privacy.

On the other hand, short abstracts published in congress books that do
not exceed 400 words and present data of preliminary research, and those
that are presented in an electronic environment, are not considered as
previously published work. Authors in such a situation must declare this
status on the first page of the manuscript and in the cover letter.

(The COPE flowchart is available at http://publicationethics.org.)

We use iThenticate to screen all submissions for plagiarism before
publication.

Conditions of Publication

All authors are required to affirm the following statements before their
manuscript is considered: 1. The manuscript is being submitted only
to The Turkish Journal of Hematology; 2. The manuscript will not be
submitted elsewhere while under consideration by The Turkish Journal
of Hematology; 3. The manuscript has not been published elsewhere,
and should it be published in The Turkish Journal of Hematology it will
not be published elsewhere without the permission of the editors (these
restrictions do not apply to abstracts or to press reports for presentations
at scientific meetings); 4. All authors are responsible for the manuscript's
content; 5. All authors participated in the study concept and design,
analysis and interpretation of the data, and drafting or revising of the
manuscript and have approved the manuscript as submitted. In addition,
all authors are required to disclose any professional affiliation, financial
agreement, or other involvement with any company whose product
figures prominently in the submitted manuscript.

Authors of accepted manuscripts will receive electronic page proofs and
are responsible for proofreading and checking the entire article within
two days. Failure to return the proof in two days will delay publication. If
the authors cannot be reached by email or telephone within two weeks,
the manuscript will be rejected and will not be published in the journal.
Copyright

At the time of submission all authors will receive instructions for
submitting an online copyright form. No manuscript will be considered
for review until all authors have completed their copyright form. Please
note, it is our practice not to accept copyright forms via fax, e-mail, or
postal service unless there is a problem with the online author accounts
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CAR-T Cell Therapy: A Door Is Open to Find Innumerable
Possibilities of Treatments for Cancer Patients
CAR-T Hicre Tedavisi: Kanser Hastalarina Sayisiz Tedavi Olanagi Bulunmasi igin Kapi Araland

® Lorena Perez-Amilll, @ Berta Marzal2, ® Alvaro Urbano-Ispizual3, ® Manel Juan2, ® Beatriz Martin-Antoniol3

Iinstitut d’Investigacions Biomédiques August Pi i Sunyer Hospital, Clinic of Hematology, Barcelona, Spain
2|nstitut d’Investigacions Biomediques August Pi i Sunyer Hospital, Clinic of Inmunology, Barcelona, Spain

3Josep Carreras Leukaemia Research Institute, Barcelona, Spain

M e

Seven years ago a chronic lymphocytic leukemia patient was for
the first time successfully treated with chimeric antigen receptor
(CAR)-modified T cells (CAR-T cells) to target CD19 overexpression
in tumor cells. This was the beginning of the development of a
new type of immunotherapy treatment in cancer patients. Since
then, identification of novel antigens expressed in tumor cells and
optimization of both CAR constructs and protocols of administration
have opened up new avenues for the successful treatment of other
hematological malignancies. However, research still continues to avoid
some problems such as toxicities associated with the treatment and to
find strategies to avoid tumor cell immune evasion mechanisms. On
the other hand, for solid tumors, CAR-T therapy results are still in an
early phase. In contrast to hematological malignancies, the complex
tumor heterogeneity of solid tumors has led to the research of novel
and challenging strategies to improve CAR-T cell activity. Here, we
will review the main clinical results obtained with CAR-T cells in
hematological malignancies, specifically focusing on CAR-T-19 and
CAR-T against B-cell maturation antigen (CAR-T-BCMA). Moreover,
we will mention the main problems that decrease CAR-T cell activity
in solid tumors and the strategies to overcome them. Finally, we will
present some of the first clinical results obtained for solid tumors.

Keywords: CAR-T cell immunotherapy, CD19, BCMA, GD2, HER2,
EGFRvIII

Yedi sene once kronik lenfositik |6semili bir hasta ilk kez basarili
olarak tlimdr hicrelerinde asir sunulan CD19'u hedefleyen
kimerik antijen reseptor (CAR)-ile degistirilmis T hiicreleri (CAR-T
hiicreleri) ile tedavi edilmistir. Bu kanser hastalarinda yeni bir tip
immiinoterapinin gelisiminin baslangicini  olusturmaktaydi. Bunu
takiben, tlimor hiicrelerinde sunulan yeni antijenlerin tanimlanmasi
ve CAR vyapilarini ve uygulama protokolleri diger hematolojik habis
tiimorlerin basarili tedavisi icin yeni yollar agmistir. Ancak, tedavi ile
iliskili toksisite gibi bazi problemlerin dnlenmesi ve tlimdr hiicresinin
immiin kacis mekanizmalariyla bas edilmesi ile ilgili calismalar halen
devam etmektedir. Ayrica, solid timdrler icin, CAR-T tedavi sonuclari
halen erken dénemdedir. Hematolojik habis tiimorlerin aksine, solid
tlimorlerin karmasik tlimor heterojenitesi CAR-T hiicre aktivitesi
arttirmaya yonelik yeni ve zorlayici stratejilerinin arastirilmasina yol
acmistir. Burada, CAR-T hiicrelerinin hematolojik habis tlimorlerdeki,
ozellikle de CAR-T-19 ve B-hiicre matiirasyon antijenine karsi CAR-T'nin
(CAR-T-BCMA) baslica klinik sonuglarini gézden gegirecegiz. Ayrica,
solid tlimdrlerde CAR-T hiicre aktivitesini azaltan problemlerden ve
bunlarin tistesinden gelmeye yarayan stratejilerden bahsedecegiz. Son
olarak, solid tiimdrlerdeki ilk klinik ¢cahismalarin bazilarini sunacagiz.

Anahtar Sozciikler: CAR-T hiicre immiinoterapisi, CD19, BCMA, GD2,
HER2, EGFRvIII

Introduction: Chimeric Antigen Receptor-T Cell Therapy

The last decade has witnessed a huge increase in new
immunotherapy modalities to treat cancer patients, such as the
infusion of chimeric antigen receptor (CAR) modified-T cells
(CAR-T cells), which represents the most important advance made
to treat hematological malignancies in patients with relapsed/
refractory (r/r) disease. CARs are composed of different synthetic

domains combined into a single functional receptor that provides
antigen-binding to an antigen present on the tumor cell and
T-cell activation after antigen recognition [1]. Once a specific
CAR has been designed, CAR-T cell therapy consists on the ex vivo
modification of autologous T cells from the patient to express this
CAR on their membranes. Afterwards, CAR-T cells are expanded
in vitro for 8-10 days and reinfused into the patient, where they
will recognize and kill the tumor cells.
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A CAR is composed of three domains: 1) The extracellular
region codes for the single-chain variable fragment (scFv) of
an antibody against the antigen present in the tumor cell. In
this region, there is a spacer/hinge domain derived from CD8
and from immunoglobulin G (IgG) sequences that profoundly
affects CAR function and scFv flexibility [2]. 2) The CAR
transmembrane domain, derived from T-cell molecules, such
as CD3(¢, CD4, CD8a, or CD28, links the extracellular domain
with 3) the intracellular domain, which activates the T cells
and is composed of CD3{ T-cell receptor. This is the structure
of the first-generation CAR-T cells, which have the benefit of
not requiring antigen processing/presentation by the human
leukocyte antigen (HLA), allowing them to bypass HLA-I
restriction [3,4].

For the first-generation CAR-T cells, it was observed that even
when the CAR-T cell mechanism was active, T cells did not
proliferate in vivo, and moreover, a robust cytokine response
after recognition of a tumor cell was not observed. This
finding led to the addition of costimulatory domains in the
CAR construct, giving rise to second- and third-generations
CAR-T cells. Initially, CD28 was selected as the costimulatory
domain by Savoldo et al. [5], who compared two autologous
CAR-T types with the same specificity for CD19, one that
encoded CD3{ and CD28, while the other encoded only
CD3C. The CAR-T cells containing CD28 showed enhanced
expansion and persistence, confirming the requirement of
costimulatory domains in the CAR construct. At the same
time, Porter et al. [6] observed that the inclusion of 4-1BB
as a costimulatory domain increased the antitumor activity
and the in vivo persistence of CAR-T cells compared to CAR-T
cells with the CD3-{ domain alone. Therefore, costimulatory
domains such as CD28, 4-1BB, and 0OX40 [7,8,9] were
included in second-generation CAR-T cells, providing higher
in vivo CAR-T cell proliferation than first-generation CAR-T
cells. It was observed that whereas CD28 is better to activate
T cells, 4-1BB increases CAR-T cell persistence [10]. Therefore,
the majority of recent clinical studies on hematological
malignancies are infusing CAR-T cells with 4-1BB. Moreover,
third- and fourth-generations of CAR constructs have also
been added to the CAR-T arsenal. Third-generation CAR-T
cells encode more than one costimulatory domain to enhance
T-cell activation and proliferation. Fourth-generation CAR-T
cells, also known as TRUCKs or "armored CARs", incorporate
a constitutive or inducible expression domain for a protein
that needs to be induced or constitutively secreted. Therefore,
these CARs can deliver a product to the targeted tumor tissue
(i.e. a cytokine), but they also could incorporate a peptide to
recognize and bind to its ligand (i.e. CD40L) in the target cell,
and to interact with other immune cells such as dendritic
cells (i.e. 4-1BBL) (Figure 1) [11,12].

218

Cytokine Release Syndrome Associated with CAR-T Cells

The most common toxicity associated with CAR-T cell therapy
is a massive inflammatory response called cytokine release
syndrome (CRS), which results from high cytokine levels
released after T-cell engagement and proliferation. In most
patients, CRS occurs 1-14 days after CAR-T cell infusion.
Most patients develop low-grade CRS with fevers and
myalgias. However, some patients experience severe CRS with
hypotension, pulmonary edema, coagulopathy, vascular leak,
and neurotoxicity in some cases, which can resultin multiorgan
system failure [13]. Interleukin (IL)-6 is a central mediator of
CRS and CRS is well managed with tocilizumab, an anti-IL-6
receptor. However, corticosteroids have also been successfully
used without compromising CAR-T cell proliferation or efficacy
[14,15]. Managing CRS requires performing appropriate
grading to define its onset and grading and resolution criteria.
Currently, there are three CRS grading scales. The first scale
used to define CRS is the one graded by the National Cancer
Institute, called the Common Terminology Criteria for Adverse
Events; however, this system was not specific for cellular
therapeutic approaches. Afterwards, Lee et al. [16] proposed
a specific scale for cellular therapeutic modalities, which was
slightly modified by the MD Anderson Cancer Center proposing
a new grading system [17]. Currently, the most widely used
scale is the one proposed by the University of Pennsylvania
(UPenn), based on the clinical results of their murine CAR-T-19
(tisagenlecleucel) after treatment of 125 patients with B-cell
acute lymphoblastic leukemia (B-ALL) and 42 patients with
chronic lymphocytic lymphoma (CLL). This scale is based on
easily accessible clinical features and not laboratory values,
which makes it possible for it to be applied more widely by
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Figure 1. Structure of different chimeric antigen receptor
(CAR) generations. First-generation CARs contain the single-
chain variable fragment bound to the spacer/hinge domain,
a transmembrane domain region with CD8 being the most
commonly used, and the T-cell receptor CD3z domain. Second-
generation CARs add one costimulatory domain to the construct,
and third-generation CARs contain more than one costimulatory
domain. Fourth-generation CARs contain an inducible or
constitutive domain for another protein such as cytokines or
specific ligand receptors.

scFv: Single-chain variable fragment.
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many hospitals. It applies to both early-onset and delayed-
onset CRS, and it distinguishes between mild, moderate,
severe, and life-threatening CRS [18]. This scale was used in
two multicenter phase Il trials infusing tisagenlecleucel in r/r
ALL patients performed in 11 different countries and nine sites
in the United States. At all of these centers, using this scale,
819% of the patients experienced some grade of CRS and 45%
suffered grade 3 or 4 CRS [18,19]. In addition, this scale has
also been adopted for other CAR constructs against B-cell
maturation antigen (BCMA) for multiple myeloma (MM) [20]
and against mesothelin in epithelial ovarian cancer [21]. Table
1 summarizes the grading and CRS management adopted by
our institution.

From the Initial Stages Infusing CAR-T-19 to a High CAR-T Cell
Variety to Treat Different Malignancies

More than 20 years have passed from the first studies with
first-generation CAR-T cells [22,23] to the design of second-
generation CAR-T cells and finally the first successful
clinical study in 2011 to treat a CLL patient with CAR-T-19
cells achieving complete remission (CR) [6]. Since then, an
increasing number of clinical studies started to be performed,
and today almost 200 clinical trials infusing CAR-T cells are
being performed around the world. The greatest results have
been obtained with CAR-T-19 in B-cell malignancies. Here,
we will review some of the most relevant results obtained
with CAR-T-19 and CAR-T-BCMA to treat MM. Moreover, we

Table 1. Grading of cytokine release syndrome and management of complications performed at our institution (Hospital Clinic of
Barcelona) based on the grading scales of Lee et al. [16] and UPenn Porter et al. [18] and management recommendations.

Grade | Symptoms | Treatment
Conventional treatment to decrease temperature (paracetamol, ibuprofen,
naproxen)
Grade 1 Not Ilfe—thr_eatenmg symptoms: f_ever, . Maintenance by intravenous fluids for hydration
nausea, fatigue, headache, myalgia, malaise L ) )
Antibiotics in case of infection
Avoid immunosuppressors and steroids
For nonadvanced age and/or without comorbidity:
Assess management in intermediate care
Manage fever and constitutional symptoms as in Grade 1
Fluid bolus to maintain systolic blood pressure at >90 mmHg
Supplementary O, to maintain O,sp at >90%
Symptoms require moderate intervention: Obtain echocardiogram and initiate methods of hemodynamic monitoring
. 0 8
Grade 2 oxygen requirement <40% or hypotension For patients with high risk, consider tocilizumab
responsive to fluids or low dose of a ) ) o
vasopressor or Grade 2 organ toxicity For advanced age and/or cardiorespiratory comorbidity:
Assess management in intermediate care
Manage fever and constitutional symptoms as in Grade |
Fluid bolus and low noradrenalin doses
Supplementary O, to maintain O,sp at >90%
Assess tocilizumab administration
Management in an intensive care unit
Symptoms require severe intervention: Management as in Grade. 2 '
Grade 3 oxygen requirement >40% or hypotension Supplementary O, to maintain O,sp at >90%
requiring high-dose or multiple vasopressors | Intravenous fluid bolus as needed
or Grade 3 organ toxicity High doses of vasopressors or multiple vasopressors
Tocilizumab + steroids
Management in an intensive care unit
Life-threatening symptoms: requirement for Management as in Grade 3
Grade 4 . I, . I
ventilator support or Grade 4 organ toxicity | Mechanical ventilation
Tocilizumab + steroids
Neurological assessment every day
Cranial computed tomography and magnetic resonance, lumbar puncture
. Headaghe, alte.r'ed level of.consuousnless, Dexamethasone administration
Neurotoxicity confusion, delirium, aphasia, dysmetria, . . . .
ataxia, hallucinations, tremor, seizures In cases of seizures, levetiracetam administration
Orotracheal intubation
Mechanic ventilation

CRS: Cytokine release syndrome.
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will mention other CAR constructs employed to treat B-cell
malignancies not responding to CAR-T-19.

CAR-T-19 for the Treatment of B-Cell Malignancies

Three different institutions, the National Cancer Institute
(NCI), UPenn, and the Memorial Sloan-Kettering Cancer
Center (MSKCC), have been the pioneering centers performing
clinical studies infusing second-generation CAR-T-19 cells to
treat ALL, CLL, and lymphoma patients. Whereas the NCI and
MSKCC have employed CAR-T-19 with CD28 as a costimulatory
domain, UPenn selected 4-1BB. Their results have contributed
to defining critical parameters including the best costimulatory
domain, viral vector, gene transfer method, T-cell stimuli used
during T-cell production, conditioning chemotherapy, and
T-cell dose [24]. For instance, direct comparison by the MSKCC
of CAR-T-19 with and without conditioning chemotherapy
showed increased T-cell persistence and improved outcome with
conditioning chemotherapy [25]. Regarding T-cell dose, whereas
for CAR-T-19 this parameter is not so relevant [24], for other
CAR constructs, such as BCMA in MM, a minimal CAR-T cell
dose is required to achieve response [26]. In more detail, we will
describe some clinical results obtained with CAR-T-19 to treat
B-cell malignancies.

The first treated CLL patient received 1.46x10° CAR-T-19 cells/
kg split into three doses. CAR-T cells persisted for 6 months and
remission was ongoing for 10 months. Because of this low CAR-T
cell dose, CRS was reported 14 days after the first infusion,
coinciding with peak levels of CAR-T-19 in peripheral blood
(PB) [6]. Afterwards, two pediatric r/r ALL patients were treated
with CAR-T-19. The first patient received 1.2x10’ CAR-T-19
cells/kg for three consecutive days without lymphodepletion.
Patient 2 received 1.4x10° CAR-T-19 cells/kg in a single dose
and etoposide-cyclophosphamide was administered the week
before. In both patients, expansion of CAR-T-19 was detected,
and CR occurred the first month. However, whereas patient 1
had ongoing CR for 11 months, patient 2 had a CD19-negative
relapse 2 months after treatment [14]. This was the first study
describing CD19-negative relapses, one of the main problems
after CAR-T-19 immunotherapy, which occurs in 78% of
relapsed patients [27]. This year updated results on 75 children
and young adults receiving CAR-T-19 (tisagenlecleucel) to treat
ALL have shown overall response (OR) of 81% within 3 months,
including 60% CR. CRS occurred in 77% of patients [27]. These
results provided the basis for the approval of the first gene
therapy product in the United States in 2017, tisagenlecleucel,
commercialized by Novartis to treat B-cell precursor ALL
patients up to 25 years old [28].

Recently, the MSKCC published results for CAR-T-19 with
CD28 in 53 adult r/r ALL patients. At 29 months 83% CR was
obtained, while median disease-free survival (DFS) and overall
survival (0S) were 6.1 and 12.9 months, respectively. Severe CRS
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occurred in 26% of patients. Patients with low disease burden
showed higher remission rates with 20.1 and 10.6 months of OS
and DFS, respectively, and lower CRS than patients with higher
disease burden [29].

Whereas results in ALL have been remarkable, in CLL and
lymphoma cases the clinical results have been poorer.
Comparison of 14 phase | clinical trials between 1991 and
2014 including 119 patients demonstrated that the OR rate
was 73%, with 93% of responses in ALL patients, followed by
CLL with 62% and lymphoma patients with 36%. Moreover,
lymphodepletion, higher CAR-T cell dose, and no interleukin
(IL)-2 administration were associated with better responses
[30]. Interestingly, a more recent study of 24 CLL patients
showed that CAR-T-19 is highly effective in high-risk CLL
relapsed patients after ibrutinib treatment, showing OR of
71% and 83% CRS [31].

The CAR-T-19 from UPenn was used in 28 patients with r/r
diffuse large B-cell lymphoma (DLBCL) or follicular lymphoma
with CAR-T cell doses from 1x108 to 5x10%. CRS occurred in 18%
of patients while 90% CR was obtained after 1 month. The CR
rate at 3 months was 43% and 71% in DLBCL and follicular
lymphoma patients, respectively. At 28.6 months, sustained
remissions were maintained in 86% of DLBCL and in 89% of
follicular lymphoma patients [32].

On the other hand, the CAR-T-19 from the NCI with CD28
was employed in a phase | study of 7 patients with r/r DLBCL.
Patients received 2x10° CAR-T-19 cells/kg. One patient (14%)
experienced grade 4 CRS. Grade >3 CRS and neurotoxicity were
observed in 14% and 57% of patients, respectively. OR and CR
were 71% and 57%, respectively. At 12 months, 43% of patients
remained in CR [33]. Based on these results, a multicenter phase
2 study was performed to treat 101 r/r patients with DLBCL,
primary mediastinal B-cell lymphoma, or transformed follicular
lymphoma. Patients received 2x10° CAR-T-19 cells/kg. Grade
3 or higher CRS and neurologic events occurred in 13% and
28% of the patients, respectively. OR was 82% and CR was
54%. At 15.4 months, 42% of the patients continued having
a response, with a 40% rate of CR. OS at 18 months was 52%.
Of the patients who showed disease progression, 27% of them
showed CD19-negative disease [34]. Based on these results, the
Food and Drug Administration approved the first CAR-T-19 cell
product, called axicabtagene ciloleucel (Yescarta, Kite Pharma),
to treat DLBCL, primary mediastinal large B-cell lymphoma, and
high-grade B-cell lymphoma [35].

Other CAR Constructs Employed to Treat B-Cell Malignancies
Not Responding to CAR-T-19

Other CAR constructs, such as CAR-T cells against CD30
(CAR-T-30), have been used to treat to treat Hodgkin lymphoma
(HL) and anaplastic large cell lymphoma (ALCL), which do not
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express CD19. Recently, the induction of CR in 9 r/r patients
with HL (7 patients) and ALCL (2 patients) even in the absence
of a conditioning regimen was reported without CAR-related
toxicities. Patients received from 0.2x108 to 2x10% of CAR-T-30
cells/m2 Seven of 9 patients received two or more infusions of
CAR-T-30. Fourteen percent of HL patients entered CR lasting
more than 2.5 years after the second infusion, 14% remained
in CR for almost 2 years, and 43% had transient stable disease.
For ALCL, one patient had CR for 9 months after the fourth
infusion of CAR-T cells. Interestingly, although CD30 may be
expressed by normal activated T cells, no patients developed
impaired virus-specific immunity [36]. Tables 2 and 3 summarize
additional studies of other targets.

CAR-T-BCMA for MM and Other B-Cell Malignancies

BCMA has appeared as a promising target to treat MM patients
due to specific BCMA expression in plasma cells and its
absence in most tissues [37]. Currently, more than 20 clinical
trials are infusing CAR-T-BCMA for MM treatment. Due to
the restricted BCMA expression pattern, BCMA was defined
as the most suitable antigen to treat MM, and the design of
novel and effective CAR-T-BCMA with CD28 [38] opened the
path for a clinical trial in MM patients in 2016. This study
infused CAR-T-BCMA in 12 r/r MM patients. Patients received
different CAR-T-BCMA cell doses (0.33x10%, 1x10°, 3x108, and
9x10® CAR-T-BCMA cells/kg). The 2 lowest doses achieved
limited responses. At the third dose, a partial loss of BCMA
expression in MM cells was detected in one patient, and one
patient (25%) obtained very good partial response (VGPR). At
the highest dose, one patient (50%) achieved CR for 17 weeks
before relapse, and the other patient showed VGPR for 28
weeks. Both patients developed CRS [26]. These results were
extended to perform a multicenter study to treat 21 patients
in a dose-escalation study. CD28 was changed by 4-1BB and
the CAR-T-BCMA was now called bb2121. It was found that
71% of patients developed CRS. The lowest dose (50x10°
cells) infused in three patients was not active. The other 18
patients receiving 150x10° (6 patients), 450x10° (9 patients),
and 800x10° cells (3 patients) showed 94% OR, 89% VGPR,
and 56% CR. Durable responses were ongoing over 1 year, and
more importantly, responses continued to improve over time
from VGPR to CR [39].

Additional studies with CAR-T-BCMA have been also successful.
Cohen et al. [40] treated 21 r/[r MM patients with CAR-T-BCMA
in split-doses (10% on day 0, 30% on day 1, and 60% on day
2). Patients were assigned to three cohorts: 1-5x10° CAR-T
cells (cohort 1: 9 patients), cyclophosphamide (CXT) 1.5 g/m?
+ 1-5x107 CAR-T cells (cohort 2: 5 patients), and CTX 1.5 g/m?
+ 1-5x10® CAR-T cells (cohort 3: 7 patients). Cohort 1 showed
the highest CRS at 89% and 1 patient had ongoing CR at 21
months. Cohorts 2 and 3 showed 75% CRS. Cohort 2, with the

lowest CAR-T dose, showed the lowest response (40%), which
progressed at 4 and 2 months. Cohort 3, with a high CAR-T dose,
at 1 month of follow-up showed 83% of any type of response.
Interestingly, in 83% of the patients with >PR, MM cells
showed decreased BCMA intensity [40]. More recently, a human
CAR-T-BCMA was developed at the MSKCC, which hopefully
will avoid early disappearance of CAR-T cells. Clinical results
with this human CAR construct were recently published [41].
At our institution (Hospital Clinic), we have designed a highly
effective CAR-T-BCMA. Moreover, we have also humanized the
scFv, confirming its high efficacy, and in the next few months
it will be used in a multicenter phase | study to treat r/r MM
patients.

Moreover, Friedman et al. [42], who designed the CAR-T-BCMA
(bb2121) [26], identified BCMA expression in primary lymphoma
and CLL cells and confirmed the high efficacy of CAR-T-BCMA
against models of MM, Burkitt lymphoma, and mantle cell
lymphoma, suggesting that this CAR construct could be also
efficient for these malignancies.

One of the problems observed in CAR-T immunotherapy for
MM is the proportion of relapsed patients no longer having
BCMA expression. Different options to avoid this, such as the
use of dual CAR constructs targeting two different antigens,
are being tested. Lee et al. [16] confirmed that 100% of primary
MM cells expressed BCMA, and 78% of them also expressed
TACI. Therefore, they successfully tested a third-generation dual
CAR-T-APRIL (a ligand for BCMA and TACI), which eliminated
MM cells expressing either BCMA or TACI and demonstrated
tumor control in the absence of BCMA [43].

The impressive results in r/fr MM patients targeting BCMA
[39] suggest that after CAR-T-19, BCMA will be the next area
where CAR-T therapy will have a high clinical impact. However,
some problems still need to be addressed, such as the high
CAR-T cell dose required to achieve responses, which could cause
high CRS rates. New clinical protocols will aim to ameliorate
severe CRS. Interestingly, for other CAR constructs such as
CAR-T-20, Watanabe et al. [44] observed that the threshold
of antigen density in the tumor required to induce CAR-T cell
lytic activity was around 200 molecules per target cell, and for
cytokine production it was 10-fold higher, suggesting a range
for antigen density in the tumor cell where cytotoxicity can be
performed without development of CRS. Second, the loss of
BCMA expression in MM cells after CAR-T-BCMA treatment is
a problem. Different strategies, such as dual CAR constructs, are
being tested. Third, early disappearance of CAR-T cells in patients
may be solved with the use of human and humanized CARs.

Homemade CARs: A Reality?

As previously mentioned, CAR-T-19 cell products have been
commercialized by pharmaceutical companies, with prices of
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Disease

Type of CAR and/or dose: target
Multiple CAR-T cell infusion: CD19, CD20, CD22,

Clinical trial code / location

NCT03196830 / First Affiliated Hospital of

Table 2. Clinical trials ongoing at other institutions other than the National Cancer Institute, University of Pennsylvania, and
Memorial Sloan Kettering Cancer Center targeting CD19, CD20, and CD22 for B-cell malignancies, and other targets in other
hematological malignancies.

Phase/n
patients [ref]

Cancer Center

rir NHL CD30 Soochow University W10
DLBCL Sequential CAR-T cell infusion: CD19 and CD20 | NC102737085 / Southwest Hospital of Third I-11/40
Medical University
B-cell malignancies D20 NCTO_2710149 | Biotherapy Center of Southwest I-11/45
Hospital
t/r BCL Sequential CAR-T infusion: CD19 and CD20 l’\:](ém”(mm | Shanghai Longyao Biotechnology |},
r BCL cD20 II\:](éT03576807 | Shanghai Longyao Biotechnology 120
:T/];n;’r‘]“aarfg'eosg'ca' Bi-specific CAR-T: CD19 and CD20 or CD22 NCT03398967 | Chinese PLA General Hospital I-11/80
fr NHL cD20 NCT03277729 | Fred Hutchinson Cancer Research 1-11/30
Center
K rmi'ﬁ(f::u'f”kem'a " | Bi-specific CAR-T: CD19/CD20 NCT03097770 / Chinese PLA General Hospital 1/20
r/r CD19+ and CD20+* . e . . . .
BCL, ALL and CLL Bi-specific CAR-T: CD19/CD20 NCT03271515 / Beijing Doing Biomedical Co. 1/20
CD20+ BCL D20 NpT02965157 | Beijing Biohealthcare I-1l/15
Biotechnology Co
rfr CD19 or CD20* Bi-specific CAR-T: CD20/CD19 NCT03019055 / Medical College of Wisconsin 124
B-cell malignancies
tfr B-cell leukemia or | g; (o ific CAR-T: CD19/CD22 NCT03185494 | Chinese PLA General Hospital 1-11/30
lymphoma
rfr myeloid D33 NCT02958397 | Southwest Hospital I-11/45
malignancies
r/r AML CD33 NCT03126864 /| MD Anderson Cancer Center 1/30
f/r AML Single or double CAR-T cells combining different | NCT03222674 [ Shenzhen Geno-Immune Medical I-11/10
antigens: Muc1, CD33, CD38, CD56, CD123 Institute
Single or double CAR-T cells combining different
r/r AML antigens: CD38, CD33, CD56, CD123, CD117, NCT03473457 | Zhujiang Hospital I-11
CD34, CD133, Muc1
r/r myeloid D123 NCT02937103 | Southwest Hospital I-11/45
malignancies
r/[r BPDCN Universal CAR-T cells: CD123 NCT03203369 / Cellectis S.A. 1172
r/r AML Universal CAR-T cells: CD123 NCT03190278 [ Cellectis S.A. 1/156
/r B cell malignancies CD19 plus one of CD123, CD20, CD22, CD38, NCT03125577 [ Shenzen Geno-Immune Medical I-11/100
g CD70, or I-Cas9 Institute
NCT03556982 [ Affiliated Hospital of the Chinese
rfr AML D123 Academy of Military Medical Sciences I-1l/10
AML Donor CAR-T cells after allo-SCT: CD123-EGFRt | NNC103114670 | Affiliated Hospital of the Academy /),
of Military Medical Sciences
r/[r AML, BPDCN CD123-EGFRt NCT02159495 / City of Hope Medical Center 1/60
ffr MM CD38 NCT03464916 [ Unl_ver5|ty of Pennsylvania, 172
Sorrento Therapeutics Inc.
Single or double CAR-T cells: BCMA/CD138/ .. .
r/fr MM CD38/CD56 NCT03473496 [ Zhujiang Hospital I-11/50
fr MM Multiple CAR-T cells: BCMA/ CD138/CD38/CD56 :\:gi(t’i’fgm” | Shenzhen Geno-Immune Medical |,
/v HL and NHL cD30 NCT01316146 / UNC Lineberger Comprehensive 1110 [36]
Cancer Center
r/r AML CD33 NCT01864902 / Chinese PLA General Hospital 1-11/10 [68]
Ir/r HL, CD30+ Dose escalation of CAR-T cells: CD30 NCT03049449 [ National Cancer Institute 176
ymphoma
f/r CD30+ HLand NHL | CD30 NCT02690545 [/ UNC Lineberger Comprehensive I-11/34
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$475,000 for tisagenlecleucel and $373,000 for Yescarta. If
the positive results obtained continue this trend, hopefully
CAR-T-BCMA will also be approved for use in MM patients.
Unfortunately, these prices are not affordable for many public
national health systems. In this sense, at our institution, we have
manufactured our CAR-T-19 cell product. This process requires
having a good manufacturing practice facility to perform the
viral production. Afterwards, the T-cell transfection is performed
in the Prodigy device (Miltenyi, Biotec), a sterile isolated system,
which performs all the steps required, starting from the apheresis
product to the final product of CAR-T cells. This option provides
much more affordable prices that can be assumed by a public
national health system. With these CAR-T-19 cells (called ARI-
0001), 18 patients with r/r B-cell malignancies have already been
treated and a phase Il clinical trial is about to start.

CAR-T Cells for the Treatment of Solid Tumors

Contrary to hematological malignancies, severe side
effects, lack of persistence and effectiveness of CAR-T cells,
immunosuppression in the tumor microenvironment, lack of

homing, and tumor-off/target-on effects occurring in solid
tumors decrease the success of CAR-T therapy for these
malignancies [45]. Some strategies employed to improve
these problems include the following: 1) Fourth-generation
CAR-T cells, by incorporating additional features, such as
costimulatory ligands next to the CAR receptor and more than
one costimulatory domain, improve the lack of persistence
and efficacy of CAR-T cells. In this sense, combining CD28
with OX40 blocks IL-10 production, increasing persistence
and conferring higher efficacy to the CAR-T cells [45,46,47].
Combination of CAR-T cells with oncolytic viruses has also
been suggested to improve CAR-T efficacy [48]. 2) To overcome
the immunosuppressive microenvironment, the preselection
of virus-specific CTLs before CAR-T cell transduction achieves
a double CAR-T stimulation, either by the TCR or by the
CAR, appearing as an option to avoid loss of expression
of the tumor antigen [49]. Another option being tested is
the combination of CAR-T cells with immunocheckpoint
inhibitors, which seems to improve the potency of CAR-T cells
[47]. In addition, fourth-generation CAR-T cells can modulate

Table 2. Continued

Disease Type of CAR and/or dose: target Clinical trial code / location Pha_se/n
patients
r/r HL and NHL CD30 NCT02917083 | Baylor College of Medicine 1/18
Dose escalation with 4 cohorts, from 1x10° to
AML, MDS, r/r MM 3x107 CAR-T cells: CS1 Dana-Farber Cancer Institute, NHLBI 1/12
AML/MM Lewis Y antigen NCT01716364 [ Peter MacCallum Cancer Centre 1/6

r/r: Relapsed/refractory, NHL: non-Hodgkin lymphoma, BCL: B-cell lymphoma, DLBCL: diffuse large B-cell lymphoma, ALL: acute lymphoblastic leukemia, CLL: chronic lymphocytic
leukemia, AML: acute myeloid leukemia, BPDCN: blastic plasmacytoid dendritic cell neoplasm, I-Cas9: Inducible caspase 9, Allo-SCT: allogenic stem cell transplantation, NHLBI: National
Heart, Lung, and Blood Institute, MM: multiple myeloma, MDS: myelodysplastic syndrome, PLA: People's Liberation Army Hospital.

Pennsylvania, and Memorial Sloan Kettering Cancer Center.

Disease | Target /| CAR-T cell dose

Table 3. Clinical studies infusing CAR-T cells published by other institutions than the National Cancer Institute, University of

| N patients / clinical outcome

| Clinical trial code / location [ref]

CD30 / On day 0: 3.2x10° CAR-T/kg; from 0 0 NCT02259556 [ Chinese PLA General
rfr HL day 3 to 5, 5-fold increments 18.39% PR, 33% SD Hospital [69]
CD33 / 1.12x10° CAR-T cells; dose
fr AML escalation over 4 days (1x10° day 1, 1 [ Grade IV toxicity, response at 2 weeks NCT01864902 / Chinese PLA General
1.2x108 day 2, 4x10° day 3, and 5x10° with progression at 9 weeks Hospital [70]
day 4)
CD20 / Escalating doses split into 3-5 11/ OR 81.8%, 6 CR and 3 PR; no severe .
rB/(r:LCD20+ doses on consecutive days; total dose toxicity observed; PFS >6 months, 1 patient ﬂgloi1t:|3[5761?4 / Chinese PLA General
from 0.41x107 to 1.46x107 cells/kg CR >27 months P
5 [ 1lI-IV grade toxicity not observed; 1 . .
Lewis Y / 1.1x10° T cells (ranging from patient with cytogenetic remission, 1 with NCTo1716364 / Un|_ver5|ty of
r/r AML s 9 S . Melbourne, Australia, Heidelberg-
5x108 to 1.3x10°) reduction in peripheral blood, 1 protracted .
o Australia [72]
remission
r/r B-cell . . . 4 [ 2 patients with PFS of 12 and 24 NCT00621452 [ Fred Hutchinson
and mantle CD820 /93 infusions (Z,f escalagmg doses of months; 1 patient in OR and relapsed after | Cancer Research Center, Seattle, WA,
108, 10°, and 3.3x10° cells/m
lymphoma 12 months USA [73]
. . 9/ No toxicities; 7 patients with HL, 1 CR )
r/r HL and CD30 / 3 doses from 0.2x108 to 2x10 2.5 years, 1 CR >2 years, 3 transient SD; NCT0131614§ / UNC Lineberger
ALCL CAR-T cells/m? X ) Comprehensive Cancer Center [36]
2 patients with ALCL, 1 CR >9 months

r/r: Relapsed/refractory, HL: Hodgkin lymphoma, AML: acute myeloid leukemia, BCL: B-cell lymphoma, ALCL: anaplastic large cell lymphoma, PR: partial response, SD: stable disease,
OR: overall objective response, CR: complete response, PFS: progression-free survival, PLA: People’s Liberation Army Hospital.
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the tumor environment through the secretion of IL-12 and can
also increase tumor cell-CAR-T cell contact by the release of
adhesion molecules or enzymes that degrade the extracellular
matrix [50,51]. CRISPR/CAS9 technology appears as a further
option to generate CAR-T cells resistant to exhaustion and
inhibition [52]. 3) Moreover, the high tumor-off/target-
on effect occurring in solid tumors can be ameliorated by
variations in the administration route for CAR-T cells, cell
dose, reduction of scFv affinity, use of “switchable CARs", and
the discovery of specific tumor-associated antigens [45,53].
Additional proposals for CAR construct design include the
insertion of caspase 9 into the CAR construct, which after
administration of a small molecule (AP1903) to the patient
will induce apoptosis of 99% of CAR-T cells [54]. Inducible
caspase 9 is already being used in clinics, demonstrated to be
safe (Table 4). Moreover, the design of transient CAR-T cells
by introducing CAR-T mRNA by electroporation has shown
antitumor activity in CAR-T-19 for CLL patients [55] and CAR-
T-mesothelin for solid tumors [56], and it is being employed
in clinical trials (Table 4). Due to all these limitations, positive
clinical results with CAR-T cells in solid tumors are scarce,
most of them in phase | trials. We will now mention some of
the most interesting results obtained with CAR-T cells in solid
tumors.

Specific disialoganglioside 2 (GD2) expression in tumor cells
and slight expression in normal cells [57] makes GD2 a good
candidate for CAR-T therapy, specifically for neuroblastoma.
Eight neuroblastoma patients receiving Epstein-Barr virus (EBV)-
virus-specific CTLs with CAR-T-GD2 showed evidence of tumor
necrosis and one patient remained in CR, suggesting that virus-

specific CTLs expressing CAR-T-GD2 show higher persistence in
contrast to virus-nonspecific CAR-T cells [49].

Human epidermal growth factor receptor 2 (HER2) is not
detected in normal brain tissues, being overexpressed in 25%-
30% of breast and ovarian cancers, 60% of osteosarcomas,
80% of glioblastoma multiforme (GBM) cases, and 40% of
medulloblastomas [51]. Although HER2 has been successfully
targeted with anti-HER2-antibodies (trastuzumab and
pertuzumab) in HER2/neu2+ breast cancer, the first breast
cancer patient treated with CAR-T-HER2 died because of severe
toxicity related to tumor-off/target-on effect [58]. In contrast,
gliomas, glioblastomas, GBM, and medulloblastomas showing
lower levels of HER2 than breast cancer are not efficiently treated
with trastuzumab. Therefore, 17 GBM patients received from 10°
to 108 cells/m? of intravenous polyclonal EBV-cytomegalovirus
and adenovirus-specific T cells transduced with CAR-T-HER2
(CAR-T-FRP5). Median OS was 11 months, no serious side effects
were reported, and CAR-T cells were detected in PB 12 months
later [59].

IL-13 receptor alpha-2 (IL-13Ra2) is overexpressed in 75%
of glioblastoma patients [60,61,62]. The first study in 3
glioblastoma patients receiving up to 12 local intracranial
infusions of virus-specific CTL clones transduced with CAR-IL-
13Ra2 (E13Y-zetakine CAR) showed minimal side effects and
transient responses in 2 patients [63]. Afterwards, the CAR
construct was modified to incorporate 4-1BB and a mutated
IgG4-Fc linker to reduce tumor-off/target-on effect. At a dose
of 2x10°¢ these CAR-T cells were administrated by intracranial
infusion to one glioblastoma patient, followed by five additional
infusions of 10x10° CAR-T cells. Severe toxicities did not develop

Location / NCT code

MSKCC / NCT02414269 Mesothelin (iCasp9)

Table 4. Clinical trials incorporating inducible caspase 9 in CAR-T cells or performing mRNA electroporation to induce the CAR.

Antigen (method employed for

temporary CAR-T expression)

Malignancy

Malignant pleural disease, mesothelioma,
metastases, LC, BC

BCM / NCT01822652 GD2 (iCasp9)

Neuroblastoma |

MSKCC / NCT02792114 Mesothelin (iCasp9)

BC, metastatic HER2-negative BC

Shenzhen Geno-Immune Medical Institute /

NCT02992210 GD2 (iCasp9)

Solid tumor I/

NCI / NCT02107963 GD2 (iCasp9)

Sarcoma, osteosarcoma, NB, melanoma |

NCT01897415

BCM / NCT01822652 GD2 (iCasp9) NB |
Bambino Gesu Hospital / NCT03373097 GD2 (iCasp9) NB I/
BCM / NCT01953900 GD2/VZV vaccine (iCasp9) Sarcomas I
Abramson Cancer Center of UPenn / Mesothelin (mRNA) PDA |

UPenn [ NCT01837602 cMet (MRNA)

BC, triple negative BC I

UPenn [ NCT03060356 cMet (mRNA)

Melanoma, BC 1

adenocarcinoma, BC: breast cancer, VZV: Varicella zoster virus.

MSKCC: Memorial Sloan Kettering Cancer Center, BCM: Baylor College of Medicine, NCI: National Cancer Institute, UPenn: University of Pennsylvania, PDA: pancreatic ductal
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and regression of intracranial and spinal tumors during 7.5
months was observed [64].

Most GBM patients overexpress the mutated epidermal growth
factor receptor (EGFR) variant Il (EGFRvIII), which is associated
with tumor progression and poor prognosis [65]. Comparison
of humanized second- and third-generation CAR-T cells with
4-1BB and/or CD28/4-1BB against EGFRvIII in vitro and in vivo
demonstrated higher efficacy for the third-generation CAR-T
cells. Moreover, a lower-affinity scFv was designed to minimize
the tumor-offftarget-on effects, and finally this CAR-T cell
combined with temozolomide was the optimal strategy in a
xenograft glioblastoma model [66]. Based on these results, UPenn
conducted the first study with 10 newly diagnosed patients
with recurrent GBM with residual disease infusing intravenous
CAR-T-EGFRVIII cells. No evidence of off-tumor toxicity or CRS

was observed. One patient had residual stable disease for over
18 months. All patients demonstrated transient expansion and
trafficking of CAR-T cells to regions of active GBM. However,
expression of inhibitory molecules and regulatory T-cell
infiltration after CAR-T-EGFRVIII infusion was detected in the
tumor environment [67]. Many other ongoing clinical studies
targeting EGFRvIIl, GD2, and HER2 are summarized in Table 5.

Conclusion

In summary, CAR-T immunotherapy has achieved remarkable
results in the treatment of hematological malignancies, leading
to the commercialization of CAR-T cells as pharmaceutical
products. Despite positive results, problems such as loss of
expression of the target antigen and CRS could be improved. In
solid tumors, additional complications due to intratumoral cell
heterogeneity cause low responses and high toxicities. Novel

Table 5. Clinical trials targeting disialoganglioside 2, human epidermal growth factor receptor 2, and epidermal growth factor
receptor variant lll.

Location / NCT code Antigen Malignancy

Zhujiang Hospital / NCT02765243 GD2 NB Il

NCI / NCT02107963 GD2 NB I

BCM / NCT03294954 GD2 NB I

Cancer Research UK / NCT02761915 GD2 NB R
Bambino Gesu Hospital / NCT03373097 GD2 NB R

Seattle Children's Hospital / NCT02311621 CD171/EGFRt NB, GNB R
Chinese PLA General Hospital, Beijing / NCT01935843 HER2 Advanced HER2-positive ST I

The Methodist Hospital; Center for Cell and Gene Therapy, HER?2 GB |

BCM / NCT02442297

The Methodist _Hospital; Cer_1ter for Cell and Gene Therapy, HER?2 GBM |

BCM; Texas Children's Hospital / NCT01109095

Seattle Children's Hospital / NCT03500991 HER2 Pediatric CNST |

Fuda Cancer Hospital, Guangzhou [ NCT02547961 HER2 BC /1
Southwest Hospital, China / NCT02713984 HER2 BC, OC, LC, GC, colorectal, glioma, PC I/
Hospital of Harbin Medical University / NCT03267173 HER2 PC I

Xuanwu Hospital, Beijing / NCT03423992 HER2 Glioma I

City of Hope Medical Center / NCT03389230 HER2/CD19t GB, glioma |

BCM / NCT00902044 HER2 Sarcomas |

Duke University Medical Center [ NCT02664363 EGFRvIII GB |

NCI / NCTO1454596 EGFRvIII Glioma, GB, BC, gliosarcoma 1/l
Beijing Sanbo Brain Hospital / NCT02844062 EGFRuvIII GBM |

NCI, Duke Cancer Institute [ NCT03283631 EGFRvIII GBM |
Shenzhen Geno-Immune Medical Institute / NCT03170141 EGFRvIII GBM I/
Xuanwu Hospital, Beijing /| NCT03423992 EGFRvIII Glioma |

NCI / NCTO1454596 EGFRvIII Glioma, GB, BC, gliosarcoma i

Duke University Medical Center [ NCT02664363 EGFRvIII GB |

UPenn, UCA [ NCT02209376 EGFRvIII GB I

BCM: Baylor College of Medicine, NCI: National Cancer Institute, UPenn: University of Pennsylvania, UCA: University of California, R: recruitin, GB: glioblastoma, GBM: glioblastoma
multiforme, PC: pancreatic cancer, LC: lung cancer, BC: breast cancer, OC: ovarian cancer, GC: gastric cancer, BC: brain cancer, NB: neuroblastoma, GNB: ganglioneuroblastoma, ST: solid
tumors, CNST: central nervous system tumor, PLA: People's Liberation Army Hospital, GD2: disialoganglioside 2, HER2: human epidermal growth factor receptor 2, EGFRVIII: epidermal
growth factor receptor variant Ill.
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CAR designs, modification of clinical protocols, discovery of
novel tumor-specific antigens, and novel molecular strategies
will improve clinical results for both hematological and solid
tumors.
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Objective: To examine granulocytic and non-granulocytic cells in
children with severe congenital neutropenia (SCN) and their non-
neutropenic parents.

Materials and Methods: Fifteen patients with SCN and 21 non-
neutropenic parents were evaluated for a) CD95, CD95 ligand, annexin
V, propidium iodide, cell cycle, and lymphocyte subsets by flow
cytometry; b) rapid cell senescence (of leukocytes) by senescence-
associated B-galactosidase stain; ¢) aggregation tests by aggregometer;
d) in vitro bleeding time by PFA-100 instrument; e) mepacrine-labeled
dense granule number of thrombocytes by fluorescence microscope;
and f) hematomorphology by light and electron microscope. HAXT,
ELANE, G6PC3, CSF3R, and JAGN1 mutations associated with SCN
were studied in patients and several parents.

Amag: Ciddi konjenital n6tropenisi (CKN) olan hastalar ve nétropenik
olmayan ebeveynlerindeki graniilositik ve granilositik olmayan kan
hiicrelerini incelemektir.

Gerec¢ ve Yontemler: CKN'si olan 15 cocuk ve ndtropenik olmayan
21 ebeveynin lenfosit, graniilosit ve monositlerinde CD95, CD95
ligand, annexin V, hiicre siklusu (periferik lenfositler, grantilosiler +/-
monositlerde) ve lenfosit alt gruplari akim sitometri ile, b) hizli hiicre
yaslanmasi (I6kositlerde) yaslanma-iliskili B-galaktozidaz boyasi SA-
B-galaktosidaz boyasi ile, ¢) agregasyon testleri agregometre ile, d) in
vitro kanama zamani, PFA-100 aleti ile, e) trombositlerde mepakrin
isaretli kaba graniil sayisi floresan mikroskopu ile, f) hematomorfoloji
istk ve elektron mikroskopu ile degerlendirildi. Hastalarda ve bazi
ebeveynlerde CKN ile iliskili olarak HAX1, ELANE, G6PC3, CSF3R,
JAGNT mutasyonlari calisildi.
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Results: Significant increase in apoptosis and secondary necrosis
in monocytes, lymphocytes, and granulocytes of the patients and
parents was detected, irrespective of the mutation type. CD95
and CD95 ligand results implied that apoptosis was non-CD95-
mediated. Leukocytes of 25%, 12.50%, and 0% of patients, parents,
and controls showed rapid cell senescence. The cell cycle analysis
testable in four cases showed G1 arrest and apoptosis in lymphocytes
of three. The patients had HAXT (n=6), ELANE (n=2), G6PC3 (n=2),
and unidentified (n=5) mutations. The CD3, CD4, and NK lymphocytes
were below normal levels in 16.6%, 8.3%, and 36.4% of the patients
and in 0%, 0%, and 15.4% of the parents (controls: 0%, 0%, 5.6%).
The thrombocytes aggregated at low rates, dense granule number/
thrombocyte ratio was low, and in vitro bleeding time was prolonged
in 37.5%-66.6% of patients and 33.3%-63.2% of parents (vs. 0% in
controls). Under electron and/or light microscope, the neutrophils,
monocytes, lymphocytes, and thrombocytes in the peripheral blood
of both patients and parents were dysplastic and the bone marrow of
patients revealed increased phagocytic activity, dysmegakaryopoiesis,
and necrotic and apoptotic cells. Ultrastructurally, thrombocyte
adhesion, aggregation, and release were inadequate.

Conclusion: In cases of SCN, patients' pluripotent hematopoietic stem
cells and their non-neutropenic parents are both affected irrespective
of the genetic defect.

Keywords: Severe congenital neutropenia, Monocytes, Lymphocytes,
NK cells, Thrombocytes, Phagocytes, Apoptosis, Senescence, Parents,
Family

Bulgular: Akim sitometri ile, hasta ve ebeveynlerinin monosit,
lenfosit ve granilositlerinde apoptoz ve sekonder nekrozda belirgin
artis oldugu ve bunun konjenital nétropeni mutasyonunun cinsi ile
iliskili olmadigi gosterildi. CD95 ve CD95 ligand sonuclari, apoptozun
CD95 vyolu ile olmadigini gosteriyordu. Hasta, ebeveyn ve kontrol
olgularinin I6kositlerinin %25, %12,5 ve %0'I SA-B-gal boyasi ile
boyandi. Dort olguda yapilabilen hiicre siklusu analizinde lic olgunun
lenfositlerinde G1 arresti ve apoptoz gorildi. Hastalarda HAXT (n=6);
ELANE (n=2); G6PC3 (n=2) ve belirlenemeyen (n=5) mutasyonlar
saptandi. CD3, CD4 ve NK lenfositleri sirasiyla hastalarin %16,6;
%8,3; %36,4'linde, ebeveynlerin %0, %0, %715,4'linde, kontroliin
%0, %0, %5,6'sinda yasa gore normal araligin altinda idi. Hasta ve
ebeveynlerin trombositleri diisiik oranda agrege oluyordu (olgularin
sirasiyla 9%66,6 ve %63,2'sinde, kontroliin %0'inda), kaba grandil
sayisi/trombosit orani diisiik (hasta, ebeveyn ve kontroliin %50, %35
ve %0'inda); in vitro kanama zamani uzun (farkli kartuslarla olgularin
%37,5 ve %33,3'linde ve ebeveynlerin %18,8 ve %712,5'inde) idi. Isik
ve elektron mikroskopta hasta ve ebeveynlerin periferik kanlarindaki
notrofil, monosit, lenfosit ve trombositleri displastik idi; hastalarin
kemik iliginde fagosit aktivitesinde artis, dismegakaryopoez, nekrotik
ve apoptotik hiicreler bulunuyordu. ince yapisal olarak trombositlerde
adezyon, agregasyon, salinim yetersiz idi.

Sonug: CKN'de, pluripotent hematopoietik kok hiicreler ve ndtropenik
olmayan ebeveynleri genetik bozukluktan bagimsiz olarak etkilenirler.
Anahtar Sozciikler: Ciddi kongenital nd&tropeni, Monositler,
Lenfositler, Trombositler, Fagositler, Apoptoz, Yaslanma, Ebeveyn, Aile

Introduction

Severe congenital neutropenia (SCN) is a heterogeneous bone
marrow failure syndrome characterized by recurrent infections,
low absolute neutrophil count (<0.5x10°/L), and maturation
arrest at the promyelocyte/myelocyte stage of myelopoiesis in
the vast majority of cases and it is due to various genetic defects
[1,2,3]. Regular variations [4], giving rise to transient elevations
of neutrophil counts to even >1.5x10°/L with ‘intermittent
maturation arrest' [5], can be encountered.

Apoptosis in neutrophilic precursors plays a major role in the
pathogenesis of SCN [1,2,6]. Reports regarding lymphocyte
apoptosis in addition to granulocyte apoptosis have been
restricted to a few cases [7,8], and apoptosis in monocytes has not
been studied. Reports pertaining to non-granulocytic blood cell
lines in SCN and patients' non-neutropenic family members are
also too limited [3,7,8,9,10] to make a general characterization
of the phenotype of SCN cases with heterogeneous genetic
backgrounds.

We have hypothesized that, in SCN, development of all cell
lines other than the granulocytic lineage is also impaired and
patients’ non-neutropenic parents also carry some hematologic
abnormalities. Our specific aim in this study is to examine the
lymphocytes, monocytes, and granulocytes of patients with
SCN and their family members in terms of morphology and cell
death parameters [apoptosis and rapid cell senescence (RCS)]
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and additionally to evaluate thrombocyte morphology and
functions and percentage of lymphocyte subsets.

Materials and Methods
Study Participants

Severe congenital neutropenia was defined as persistent
neutropenia (neutrophil counts of <0.5x10°%/L) confirmed from
two samples a week for 6 weeks and the onset of neutropenia or
infections early in life and deficiency in late maturation stages
of neutrophils in bone marrow (mature neutrophils being <10%:
central neutropenia) [4]. However, subjects whose neutrophils
showed some spontaneous variations between <0.5x10°/L
and 1.5x10°/L were not excluded [4]. Those with syndromic
neutropenia were excluded.

Fifteen children with SCN [age: 9.35+4.54 years; range: 1.5-
22; 8 female (F), 7 male (M)] and 21 non-neutropenic family
members (10 mothers, 11 fathers; age: 35.14+8.92 years; range:
23-55) were included in the study. A 22-year-old female was
included since she had been followed in Pediatrics for 8 years.

Patients were prescribed G-CSF (5-25 pg/kg/day), 2-7 times
weekly; however, many patients received therapy irregularly for
economic and social reasons. Blood was drawn during periods
in which patients had stopped therapy and patients and family
members had not consumed any other drugs for at least 10 days
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Table 1. Continued.
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*These bone marrow aspirations represent those taken during the follow-up of the patients, after initiation of G-CSF therapy if needed, except AG and ZG whose aspirations represent those taken at diagnosis, ** Peripheral blood cells,
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homozygous polymorphism in exon 2 of HAX1 gene, ¥ 159T>C heterozygous polymorphism in exon 2 of HAX1 gene ““INew mutation, ““These patients required high dose (10-20 pg/kg/d) G-CSF, but the family refused to administer it

due to malignancy risk.

prior to samples being taken to eliminate drug
effects on thrombocyte aggregation [11].

For lymphocyte subsets, death parameters
(CD95, CD95 ligand, annexin V), dysmorphism,
thrombocyte  aggregation tests, mepacrine
labeling, and in vitro bleeding time, 18, 10, 9,
5, 5, and 9 healthy volunteers were evaluated,
respectively. For evaluation of lymphocyte
subsets, age-matched normal ranges for healthy
Turkish children [12] and our laboratory for adults
were used.

Flow Cytometric Evaluation

Peripheral blood was prepared for flow cytometric
analysis as reported previously [8,13,14] by direct
immunofluorescence (FAC Scan, Becton Dickinson
CAand Beckman Coulter, USA). By combining CD45
and CD14 with the forward and right-angle light
scatter parameters of blood cells, the lymphocytes,
granulocytes, and monocytes were gated (Figure
1A). CD95, CD95 ligand, and annexin V were
evaluated in each gate; the CD3, CD4, CD8, and
NK cells were evaluated in the lymphocyte gates
[13,14]. Kits from Biosciences (USA) (for CD95 and
CD95 ligand) and Pharmingen (USA) [for annexin
V, propidium iodide (PI), 7-aminoactinomycin D
(7-AAD), and CD3, CD4, CD8, and NK cells] were
used. Per sample, 10,000 cells were counted. The
cell cycles of the lymphocytes and granulocytes
were evaluated by the Pl florescence histogram
method [13].

Rapid Cell Senescence

The leukocytes were stained for senescence-
associated B-galactosidase (SA-B-gal kit, Sigma
Co., Germany) as per the manufacturer's protocols
[15].

Mutation Analysis

Mutation analyses of HAX1, ELANE, CSF3R, G6PC3,
and JAGNT genes were performed by standard
techniques (Supplemental Materials and Methods
and Supplemental Table 1).

Evaluation of Cellular Morphology

The peripheral blood cells were evaluated by
light (Nikon E400) and transmission electron
microscopy (TEM) (LEO 906E) for apoptosis and
dysplasia [8,10,14,16,17], in a blinded fashion
(Supplemental Materials and Methods). The
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bone marrow aspiration smears taken at admission were also
evaluated under light microscope. Bone marrow aspiration of
the parents could not be performed.

Evaluation of the Thrombocytes of the Patients and the Parents

In vitro bleeding time was measured with a PFA-100 instrument
(Dade Behring Marburg GmbH, Marburg, Germany) [18] and
turbidimetric aggregation tests were measured with a Chrono-
Log 560 Ca aggregometer (Chrono-Log Corporation, Havertown,
PA, USA) [18].

Dense granules were stained with mepacrine (1 uM, Sigma,
St. Louis, MO, USA) [19,20] and thrombocytes were prepared
for electron microscopic visualization of aggregation [19], as
described previously (Supplemental Materials and Methods).

Statistics Analysis

We used SPSS 15.0 (SPSS Inc., Chicago, IL, USA) to evaluate the
data we obtained. A normality test was performed to determine
if the data were distributed in a normal fashion (Supplemental
Materials and Methods).

Results
History and Physical Examination

In our cohort, there were three pairs of siblings and one
pair of cousins, one having coexistent amyloidosis and
hypercholesterolemia and the other having hemoglobin
C. Their vaccines were administered on time without any
complications. Parents of 14 patients were 1% (n=10) or 2"
(n=4) degree relatives. The patients had gingival hypertrophy,
aphthous stomatitis, decayed teeth, and tooth loss by
26.6%, 20%, 20%, and 13.3%, respectively. None had any
physical malformation. Several patients had monocytosis
and thrombocytosis [21,22]. The immunoglobulin (Ig) A, G,
and M levels of patient AG and the IgG of patient ZG were
higher than normal, while the levels of all the other patients
were normal. Four out of 15 SCN patients (26.6%) and 5
of 21 parents (23.8%; 3 mothers, 2 fathers) had frequent
nasal bleeding and easy bruising with/without menorrhagia.
Investigations of immunoglobulin levels, which could be
performed for ten parents, revealed normal results. The other
characteristics of the patients and parents are presented in
Table 1 and Supplemental Table 2.

Flow Cytometric Evaluation

Percentage of apoptotic cells, necrotic cells, and dead cells
(apoptotic + necrotic) in the lymphocyte, granulocyte, and
monocyte gates of both the patients and the parents were
higher than those of the healthy controls, while they were
similar among the patients and parents (Figure 1). CD95 and

CD95 ligand results were inconsistent with each other, implying
that apoptosis was non-CD95-mediated (Table 2; Figure 1).

The CD3, CD4, and NK cells were below the age-matched normal
ranges in 16.6%, 8.3%, and 36.4% of the patients and 0%, 0%,
and 15.4% of the parents versus 0%, 0%, and 5.6% of the
controls. On the other hand, CD3 and CD8 cells were found to
be above the age-matched normal ranges in 16.6% and 27.3%
of the patients and in 0% and 7.7% of the parents versus 0%
and 16.7% of the controls (Supplemental Table 3).

OPatient MParent @ Control

£=0.0001*
el

Lymphocyte (%)

€D95 ligand

Apoptotic cells
Necrotic cells
Dead cells

OPatient MParent @ Control

140

120

100 e
i

80

60

Granulocyte (%)

CDY5 ligand
Apoptotic cells

Necrotic cells

Dead cells

OPatient MParent @ Control

Monocyte (%)

CD9Y5 ligand
Apoptotic cells

Necrotic cells

Dead cells

Figure 1. Percentage of CD95, CD95 ligand, annexin (showing
apoptotic cells), propidium iodide (PI), or 7-aminoactinomycin D
(7-AAD) (showing necrotic cells) and overall dead cells (apoptotic
+ necrotic cells) in lymphocyte, monocyte, and granulocyte gates.
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Figure 2.A1
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Figure 2. FACS gating and flow cytometric graphics of annexin and PI/7-AAD of lymphocytes, monocytes, and granulocytes of patients
with congenital neutropenia and their parents. 2A1 and 2A2: Those of patients with HAX7 mutation (YF, EC, AY, MNY, HY) and their
parents. The mother and father of AY, MY, and HY and the mother of EC were heterozygous for HAX1.
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Figure 2.A2
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Figure 2. Continued. FACS gating and flow cytometric graphics of annexin and PI/7-AAD of lymphocytes, monocytes, and granulocytes
of patients with congenital neutropenia and their parents. 2A1 and 2A2: Those of patients with HAXT mutation (YF, EC, AY, MNY, HY)
and their parents. The mother and father of AY, MY, and HY and the mother of EC were heterozygous for HAXT.
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Figure 2.B
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Figure 2. Continued. FACS gating and flow cytometric graphics of annexin and PI/7-AAD of lymphocytes, monocytes, and granulocytes
of patients with congenital neutropenia and their parents. 2B: Those of RT with ELANE mutation and his parents and parents of NBO
with ELANE mutation. The cells of patient NBO could not be evaluated. Neither of the parents had ELANE mutation in peripheral
lymphocytes or buccal mucosa.
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Figure 2.C
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Figure 2. Continued. FACS gating and flow cytometric graphics of annexin and PI/7-AAD of lymphocytes, monocytes, and granulocytes
of patients with congenital neutropenia and their parents. 2C: Those of two siblings with congenital neutropenia with unidentified
mutation and their parents (AG, ZG). 2D: Those of one of the healthy volunteers.
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Figure 3. Cell cycle patterns of two sibling patients, their mother, and their father: A) normal cell cycle (patient AG, lymphocyte; sibling
of ZG); B) G1 arrest and pre-G1 peak showing apoptosis (patient ZG; sibling of AG); C) G1 arrest and apoptosis (mother DG, lymphocyte);
D) normal cell cycle (mother DG, granulocyte); E) G1 arrest and apoptosis (father SG, lymphocyte); F) normal cell cycle (father SG,
granulocyte) (the patients’ granulocytes could not be evaluated due to granulocytopenia). G-H-I: The leukocytes of two sibling patients
and their mother stained by SA-B-gal, as blue granules, from peripheral blood culture (400). The leukocytes of patient AG (G), patient
ZG (H), and their mother DG (I). These patients were members of a family evaluated for cell cycles.
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erythroblasts, or apoptotic cells. Necrosis of cells that had
phagocytosed other cells was also evident (Figures 6A, 6B, 6C).

Megakaryopoiesis

Megakaryocytes with asynchrony in nucleo-cytoplasmic
maturation or those undergoing emperipolesis or transformed/
transforming to naked megakaryocyte nuclei were striking.
Additionally, naked megakaryocyte cytoplasm just after
completing thrombocyte release, many megakaryoblasts, and
necrotic, apoptotic, or dysplastic megakaryocytes were also seen
in the bone marrow examinations of the patients (Figures 6A,
6B, 6C).

Thrombocytes and Thrombocyte Functions

Thrombocytes with heterogeneous size, abnormal shape,
andfor giant forms were observed on the peripheral blood
smears of both the parents and patients. Giant and dysplastic
thrombocytes were also evident in many patients' bone marrow
under light microscope (Figures 6A, 6B, 6C).

The mean dense granule number per thrombocyte was 2.01+1.19
(0.37-3.55) in the patients (n=12), 2.27+1.33 (0.22-4.47) in
the parents (n=20), and 3.32+0.40 (2.78-3.82) in the healthy
controls (n=5), and these were comparable with each other
(p=0.147). However, the percentage of patients, parents, and
controls who had fewer than 2 dense granules per thrombocyte
was 500%, 35%, and 0% respectively (Supplemental Figure 1).

Ultrastructural examination showed that the thrombocytes had
a reduced number of dense granules that were heterogeneous
in size, shape, and composition. The open canalicular system
(OCS) was enlarged and contained unevacuated components in
patients (Figures 4H, 41, 4J, 4K, and 7A - Case 2) and parents
(Figures 5G and 5l).

In vitro bleeding time was prolonged in patients and parents
by 37.5% and 18.8% with collagen-epinephrine cartridges and
by 33.3% and 12.5% with collagen-ADP cartridges, respectively,
vs. 0% in the control group with both cartridges. While in
vitro bleeding times in patients and parents were comparable
(p=0.293 and 0.233, respectively), only the in vitro bleeding
time with collagen-ADP in patients was longer than in the
control (p=0.031) (Supplemental Table 4).

Up to 63.6% and 44.4% of the aggregation results performed
with various reactive substances in patients and their family
members displayed abnormalities (Table 3; Supplemental Tables
5 and 6).

Thrombocyte aggregation at the 2™, 8, and 14" minutes under
TEM (Figure 7) revealed a lack of adhesion and a lack of or
inadequate secretion as also seen in Figures 4H, 4l, 4J, 4K, 5G,
and 5l, with delayed or defective centralization, development

of pseudopods, andfor secretion, abnormal degranulation,
dissociation phenomenon [23,24], and abnormal amoeboid
cytoplasmic protrusions (Supplemental Results).

There was inconsistency between the presence of hemorrhagic
diathesis and abnormality of laboratory tests (aggregation
tests, dense granule number in thrombocytes, in vitro bleeding
time, thrombocyte ultrastructure) and vice versa. Not all these
abnormalities coexisted all together (Table 3; Supplemental
Table 6).

Genetic Mutations

Fourteen of 15 patients and 9 of 21 parents were evaluated for
genetic mutations. Patients had homozygous [c.130_131insA
(p.W44*)] mutation in the second exon of the HAXT gene (n=6),
heterozygous ELANE mutations [c.597+5G>A and c.416C>T
(p.P139L) (n=2)], and homozygous G6PC3 mutation [c.194A>C
(p.E65A), n=2], which is a novel mutation in the literature and
is predicted to be disease-causing by SIFT and MutationTaster
in silico analysis software [in submission]. Five had unidentified
mutations. No tested patient had CSF3R mutation. ELANE
¢.597+5G>A splicing mutation was predicted to be disease-
causing by NNSPLICE, GeneSplicer, and Human Splicing Finder
in silico prediction tools.

Patients with HAX7 displayed coexistent homozygous
¢.159T>C polymorphism in the second exon of the HAXT
gene. Three patients with other mutations were heterozygous
for this polymorphism (Tables 1 and 3). Both the mother and
father of AY, MNY, and HY and the mother of EC were found
heterozygous for HAXT [c.130_131insA (p.W44*)]. The parents
of the two patients with heterozygous ELANE mutation revealed
no mutation in the ELANE gene and their buccal mucosa cells
did not reveal mosaicism.

Discussion

In this study, we showed that non-granulocytic blood cells were
also affected and that morphologic and functional changes
occurred in patients with SCN and in their non-neutropenic
family members, and cell death mechanisms other than
apoptosis also operated.

Apoptosis and Secondary Necrosis in Granulocytic and Non-
Granulocytic Cells

It has been reported that in SCN and other neutropenic states,
accelerated apoptosis of bone marrow granulocytic progenitor
cells [1,2,6,25,26,27,28,29,30,31] and lymphocyte apoptosis
[7,8] took place through different mechanisms. In our study,
apoptosis was demonstrated not only in granulocytes and
lymphocytes but also in monocytes by elevated annexin V,
ultrastructural appearance, and a pre-G1 peak in cell cycle
analysis. The absence of a pre-G1 peak is not enough to exclude
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Figure 4. Electron microscopic images of the blood cells of the patients. A) Normal lymphocyte (16700%), B) normal neutrophil (3597%), C)
normal thrombocyte (100004, D) patient EC (with HAX7 mutation) (12930%), E) patient NBO (with ELANE mutation) (12930%), F) patient
0SK (with G6PC3 mutation) (10000x), G) patient EC (with HAXT mutation) (16700), H) patient EC (with HAX7 mutation) (35970%), )
patient MeK (with G6PC3 mutation) (46460%), J) patient MNY (with HAX7 mutation) (12930%), K) patient NBO (with ELANE mutation)
(278004, L) patient MeK (with G6PC3 mutation) (14000%) (N: nucleus; thick arrow: primary granule; thin arrow: secondary granule; OCS:
open canalicular system; d: dense granule; *: segment of non-apoptotic nucleus; arrow head: fusion of granules; O: autophagosome).
Decreased number of secondary granules in the neutrophils (Figures 4D, 4E), which were abnormal in shape (4L). Primary granules
that were irregular in shape (Figures 4E, 4L) or large (Figure 4D) and had a tendency to combine and condense (Figure 4E). Chromatin
clumping in nuclei (Figure 4D) and apoptosis (Figure 4E). An active lymphocyte (Figure 4G). Abnormal giant mononuclear cell with
abundant mitochondria and autophagic vacuole (Figure 4F). Dense granules in platelets, which were large and giant (Figure 4H), reduced
in number (Figure 4H), in different shapes and dimensions (Figures 4H, 4J, 4K) with varying components (Figure 4l). Enlarged open
canalicular system due to unevacuated ingredients (Figures 4H, 41, 4J, 4K).
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Figure 5. Electron microscopic images of the blood cells of the parents. A) Normal lymphocyte (167009, B) normal neutrophil (3597%), C)
normal thrombocyte (10000%), D) mother of AO (with unidentified mutation) (SO) (12930%), E) mother of AO (with unidentified mutation)
(SO) (129307, F) father of MeK and OSK (with G6PC3 mutation) (MK) (16700%), G) father of MeK and OSK (with G6PC3 mutation) (MK)
(10000%), H) father of MeK and OSK (with G6PC3 mutation) (MK) (21560%), 1) father of MNY and AY (with HAXT mutation) (AhY) (27000%)
(N: nucleus; thick arrow: primary granule; thin arrow: secondary granule; OCS: open canalicular system; d: dense granule; *: segment of
non-apoptotic nucleus; arrow head: fusion of granules; O: autophagosome). Decreased number of secondary granules in the neutrophils
(Figures 5D, 5E). Primary granules in irregular shape (Figure 5D). Chromatin clumping in nuclei (Figure 5D) and apoptosis (Figures 5D, 5E,
5H). Abnormal lymphocytes (Figures 5F, 5G). Dense granules in platelets, which were large and giant (Figure 5l). Open canalicular system
enlarged due to unevacuated ingredients (Figures 5G, 5H, 5l).
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Figure 6.A

Figure 6.B
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Figure 6. Features of some bone marrow cells (megakaryocytes, thrombocytes, monocytes, macrophages, histiocytes, other phagocytes,
and apoptotic/necrotic cells) of the patients by light microscope. 6A: Features of some bone marrow cells from the patients with HAX1
mutation. i, xxvii, xxviii): Patient AY; ii) Patient EC; iii, iv, viii, xvi, xxx) Patient MNY; v, vi, x, xii, xv, xvii, xviii, xxi, xxii, xxiii, xxiv, xxvi)
Patient MK; vii, xiv, xxix) Patient YF; xi, xii, xiii, xix, xx, xxv) Patient HY (1000%). i) Giant thrombocyte; ii) dysplastic thrombocytes; iii, xi, xii,
xiii, xiv) Megakaryoblasts with nucleo-cytoplasmic asynchrony; iv, v, vi, ix) senescent megakaryocytes undergoing the process of being naked
megakaryocyte nucleus and naked megakaryocyte cytoplasm, just as producing (v, vi) or after completing production of thrombocytes (iv,
vii, ix), with emperipolesis of other bone marrow cells (iv, ix); viii) Abnormal megakaryocyte; x) a megakaryocyte that has just developed
into a naked megakaryocyte nucleus and naked megakaryocyte cytoplasm. xv) A macrophage full of fat (Gaucher-like cell); xvi, xix, xxii,
xxiv) monocytes that are phagocytosing various mononuclear cells; xx) a monocyte phagocytosing an apoptotic cell; xvii, xxi, xxiii) other
phagocytes like a neutrophil (xvii), eosinophilic myelocyte (xxi), and stab (xxiii) that are phagocytosing other bone marrow cells; xxv) A
megakaryocyte undergoing necrosis; xxix, xxx) megakaryocytes undergoing apoptosis; xxvi) a monocyte that had performed phagocytosis
and is undergoing necrosis; xxvii) a monocyte undergoing necrosis; xxviii) an eosinophilic myelocyte with an apoptotic body attached to
the cell. 6B: Features of some bone marrow cells from the patients with ELANE mutation. i, iii, iv, vii, viii, ix, x, xi) Patient NBO (1000%);
ii, iv, vi) Patient RT (1000). i) A degenerating dysplastic megakaryocyte; i) a mononuclear megakaryocyte undergoing emperipolesis; iii) a
giant thrombocyte; iv, v) megakaryoblasts with nucleocytoplasmic asynchrony; vi) naked megakaryocyte nuclei that could not transform to
unique nuclei. vii, viii) Histiocytes that phagocytosed many bone marrow cells; ix) A megakaryocyte that is just about to undergo necrosis;
x) a ghost-like cell degenerating through secondary necrosis; xi) a necrotic megakaryocyte. 6C: Features of some bone marrow cells from
the patients with unidentified mutations. i, v, vii, viii, xi, xv, xx, xxi) Patient AO; iii, vi, ix, X, xiii, xiv, xvi, xviii, xix, xxii, xxiii, xxiv) Patient
ZG; iv) Patient BA ii, xii, xvii) Patient KS (1000%, except Figure vi, which is presented at 400%). i) A megakaryocyte with nucleo-cytoplasmic

xxiv

megakaryocyte cytoplasm, just as producing thrombocytes (i) or after finishing production of thrombocytes (iii) or with emperipolesis (iii);
iv) a giant thrombocyte; v, viii, ix) megakaryoblasts; vii) a megakaryocyte that is just transforming to naked megakaryocyte nucleus and
naked megakaryocyte cytoplasm; vii) a naked megakaryocyte nucleus; x) a dysplastic megakaryocyte with two nuclei and scanty cytoplasm
but thrombocyte production; xi, xii, xvi, xix) Monocytes (xi, xiv), macrophages (xii, xvi, xix) that had phagocytosed or are phagocytosing
bone marrow cells with eosinophilic cytoplasm (xix) or pseudopods (xiv); xv, xx, xxi) histiocytes that have been phagocytizing bone marrow
cells (xv, xx) and/or consist of basophilic debris, which gives the appearance of sea blue-like histiocytes (xv, xx, xxi); xvii, xviii) phagocytosis
of other phagocytes like eosinophils (xviii) or eosinophil metamyelocytes (xvii); xxiii, xxiv) Macrophages with normal (xxiii) or eosinophilic
(xxiv) cytoplasm that had performed hemophagocytosis and are undergoing necrosis now.
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Figure 7. Electron microscopic images of the aggregating thrombocytes after addition of 2 uM ADP. All bars are 500 nm. Case 1 (patient
BA, with unidentified mutation): A) 2" minute of aggregation: Thrombocytes are seen to have become close to each other; the granules
(G) have centralized; open canalicular system is enlarged (1); one dense granule is visible in enlarged open canalicular system (*). B)
8™ minute of aggregation: Platelets are still distant from each other. There are no platelets that fit tightly to each other. However,
the granules (G) have centralized and have discharged their ingredients. Open canalicular system is enlarged and consists of residual
secretion (1). There are a few granules that have not evacuated their ingredients yet. C) 14" minute of aggregation: The platelets are seen
to have become closer but they are still apart from each other. The open canalicular system is enlarged and consists of some secretion
(7). There are and there are not undischarged granules (G) in thrombocytes 1 and 2, respectively. Case 2 (Patient ZG, with unidentified
mutation): A) 2" minute of aggregation: Thrombocytes are seen to be apart from each other; the granules (G) have fairly centralized
and are intact. B) 8" minute of aggregation: The granules (G) are larger than normal and increased in number. They have centralized but
have not discharged their contents yet. Pseudopods have developed. The open canalicular system has not enlarged yet (7). C) 14™ minute
of aggregation: The thrombocytes have not adhered to each other yet. The dense granules are distributed throughout the cytoplasm
but the majority have not discharged their contents yet. Upper thrombocyte: The granules (G) are very large and increased in number.
None of them have evacuated their contents. Open canalicular system (1) is apparent. Normal Control: A) 2" minute of aggregation:
Thrombocytes are seen to fit tightly together and display abundant pseudopods. They have released almost all of their granules. B) 8t
minute of aggregation: Thrombocytes fit tightly together. They have degranulated completely, except a few.
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apoptosis [32]. Inconsistent elevations in CD95 and CD95 ligand
pointed at a non-CD95-mediated apoptosis.

Only in the case of excessive apoptosis, during which the
capacity of phagocytes to engulf apoptotic cells is reduced, do
the uncleared apoptotic cells and fragments undergo secondary
necrosis (delayed apoptotic clearance), which can provoke
inflammation [33]. Our flow cytometric and microscopic
findings revealed that apoptotic and necrotic cells coexisted
in three cell lines in patients irrespective of the type of SCN
mutation, and in their parents.

We think that in our patients apoptotic and necrotic cells in the
myeloid lineage activated macrophages and other phagocytes
extensively (Figures 6A, 6B, 6C), inducing secretion of TNF-
alpha, IL-1, IL-6, and IL-12 by activated macrophages, the latter
exacerbating macrophage activation through stimulating IFN-
gamma production [34,35]. High levels of TNF-alpha [36,37]
in SCN patients and their non-neutropenic parents [36] and
increased capacity of stimulated monocytes to produce TNF-
alpha on stimulation through certain toll-like receptors [38,39]
were reported before.

We consider the apoptosis in the non-granulocytic cells to be
due to the high TNF-alpha levels, which can give rise to apoptosis
in neutrophils [40,41], lymphocytes [42,43], monocytes [44],
and thrombocytes [45] in various conditions [46] through TNF
alpha-TNFR1 interaction (Supplemental Discussion, Text 1).

Cytopenia in Non-Granulocytic Cells and RCS

Absence of lymphopenia (except 1 case), monocytopenia, and
thrombocytopenia (Table 1; Supplemental Table 2) is apparently
due to good compensation of the bone marrow of both the
patients and the parents.

However, it was striking that both patients and their parents
had quantitative abnormalities in T lymphocytes and NK cells,
regardless of the type of the SCN mutation carried by the
patients.

Abnormalities in B, cytotoxic T, NK, NKT, Th2, and Th7 cells
were reported in SCN with GFI-17 mutation, albinism-
neutropenia syndromes, and Wiskott-Aldrich syndrome (WAS)
[2,47,48,49,50,51]. None of our cases were clinically compatible
with WAS or albinism-neutropenia syndromes. However, 2 SCN
patients with WAS mutation were reported to have a reduced
number of NK and CD4+ cells [7]. Interestingly, SCN patients
with ELANE and unidentified mutations were reported to have
normal numbers of NK cells that were less mature than those
of normal controls [52]. NK cell deficiency and dysfunction
was reported in some chronic neutropenia patients with
morphological abnormalities [53]. In our cases, patients with
NK levels lower than the normal range for age had HAX1

(n=2) and G6PC3 (n=2) mutations while patients with low CD3
(n=2) and CD4 (n=1) levels had unidentified mutations (Table
3). Mature neutrophils are reportedly necessary for NK cell
development [52]. Reduced mature neutrophils may account
for low levels of NK cells in the patient group but the reasons
why not all SCN patients had low NK cells and why the parents
who had low NK levels were not neutropenic require further
investigations.

That the patients with low CD3+ and CD4+ lymphocytes (AG,
ZG) were those with B-gal positivity of leukocytes suggests
that the continual presence of circulating pro-inflammatory
factors secreted by activated macrophages kept the immune
system in a state of chronic low-level activation, giving rise to
immunosenescence through loss of telomeric DNA with each S
phase and therefore a decline in the number of T lymphocytes
and no change or decline in overall lymphocyte and NK cells [54]
during which inflammatory mediators secreted by senescent
cells themselves contributed to immunosenescence [55,56] (we
could not evaluate B lymphocytes) (Supplemental Discussion,
Text 2).

The presence of apoptosis together with RCS was reported in
SCN [8] and in cell lines that had been administered cytotoxic
drugs [57]. These cases (ZG and parents) in which individuals had
not consumed cytotoxic drugs and were exposed to radiation
may carry an unknown DNA-disrupting factor.

Cellular senescence is the state of irreversible cell cycle arrest,
predominantly in the G1 phase [57,58,59,60,61,62,63,64],
being dependent on (replicative senescence) or independent
of telomeres (RCS) [60,61]. The latter is due to inappropriately
expressed pro-proliferative genes [63], oncogenic mutations
[62], DNA-damaging drugs, or gamma irradiation [57,58].

The senescence-like phenotype ischaracterized by reorganization
of heterochromatin [65,66], formation of fragmented nuclei,
polyploidy, and enlarged and flattened cell shape, along with
expression of SA-B-gal positivity [15,57] and alterations in the
cell cycle [65].

Dysplasia of Hematopoietic Cells

In our study, as reported previously [8,10], dysplasia was noted
not only in the neutrophil series but also in the monocyte,
megakaryocyte, lymphocyte, and eosinophil series in all
patients and parents to various degrees. Some dysplasia
parameters overlap with the senescence phenotype; however,
restriction of RCS to a few cases in our study showed that
RCS only partially affected the development of dysplasia. Qur
previous studies point at the role of inflammatory cytokines
to cause dysplasia [36,37] in patients with autoimmune
disorders, acute infections, and hemophagocytic histiocytosis
[67,56]. The pro-inflammatory cytokines secreted by activated

247



Olcay L, et al: Hematopoiesis in Families with Congenital Neutropenia

Turk J Hematol 2018;35:229-259

macrophages can destroy the bone marrow microenvironment
and hematopoietic stem cell niches by activating innate
immune cells [55] and give rise to hematopoietic stem
cell dysfunction, dyshematopoiesis, and thus dysplastic
hematopoietic cells.

Morphologic abnormalities due to abnormal differentiation
in myeloid cells are also encountered in congenital, cyclic,
dysgranulopoietic neutropenia cases [7,10,66,68] with or
without the WAS, GFI-1, and G6PC3 mutations [1,7], in
myelodysplastic syndrome, and in a number of non-malignant
disorders [16,67].

Dysmegakaryopoiesis and Hemorrhagic Diathesis

That the presence of nearly no normal megakaryocytes in
our patients and that nearly all megakaryocytes displayed
characteristics of naked megakaryocyte nuclei, emperipolesis,
or abnormal morphology like peripheral vacuolization
(showing non-classical apoptosis: para-apoptosis) and
directly destructed megakaryocytes (showing necrosis) and
presence of many stage 1 megakaryocytes (megakaryoblasts),
some of which were aberrantly releasing thrombocytes, imply
defective megakaryocyte maturation, heavy intramedullary
premature cell death of megakaryocytes, and increased
megakaryopoiesis [14,69,70,71,72,73] (Supplemental
Discussion, Text 3).

Defective maturation in megakaryocytes is also expected to
be due to the increased levels of pro-inflammatory cytokines,
which can destroy the bone marrow microenvironment and
hematopoietic stem cell niches [55]. Therefore, thrombocytes
derived from megakaryocytes with defective maturation are
also expected to be functionally abnormal.

Hence, in our cases, we noted a combination of thrombocyte
functional defects and in a few of them a low number of
mepacrine-labeled dense granules reminiscent of a delta
storage pool defect. The ultrastructural view of aggregating
thrombocytes (Figure 7; Supplemental Discussion, Text 3)
may reflect defective transmission. From all these aspects, the
findings of our patients resemble the thrombocyte disorders
encountered in leukemia, refractory anemia, cystinosis, and
others [19,23,24,74,75].

Hemorrhagic diathesis is a common finding of albinism-
neutropenia syndromes like Chediak-Higashi syndrome,
Hermansky-Pudlak syndrome type 2, Griselli's syndrome type 2,
Cohen's syndrome, and p14 deficiency [51] but has not been
reported in SCN [76] before.

Our results, at the same time, confirmed that not all patients with
thrombocyte aggregation defects display laboratory evidence
[18,77,78] and the most reliable tool to show thrombocyte
aggregation defect is electron microscopic evaluation [78,79,80].
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Parents

No parent had cytopenia; however, apoptosis and secondary
necrosis to various degrees in granulocytes, monocytes, and
lymphocytes with the presence of dysplasia, decreased NK
cells, and abnormalities in thrombocyte functions in most of
the parents and RCS in one suggest that the parents were also
affected by the same genetic abnormality but the cell loss was
well compensated by the proliferating compartment. However,
only the parents of patients with ELANE and those of most
patients with HAX7 could be evaluated genetically.

For the parents of the patients with homozygous HAXT
mutation (AY, MNY, HY, EC) who were heterozygous for the same
mutation, we think that cell loss took place through one mutant
allele, just like in their children. The apoptotic hematopoietic
cells (lymphocytes, neutrophils, monocytes) were the mutant
cells that were lost early [81,82], but normal hematopoiesis
compensated for the cell loss when the other allele was normal.

As for the parents of patients with ELANE mutation (RT, NBO),
the absence of ELANE mutation in the parents' peripheral blood
cells led us to consider that the parents were either mosaic for
the mutation or actually normal and their children were sporadic
cases of ELANE mutation. Hence, a number of phenotypically
healthy parents were shown to harbor somatic [83], only
germline [3], or both somatic and germline [84] mosaicism of
ELANE mutation. On the other hand, most of the sporadic cases
of SCN were reported to have ELANE mutations [85].

That we could not detect mosaicism in the buccal mucosa cells
of the parents does not rule out mosaicism definitively. A search
for mutant alleles in various other cell types like skin or sperm
of the father, preferably using more sensitive mutation analysis
methods, might have proved mosaicism, like in the reported
cases [3,86] in which the mutant allele was negative in DNA
from neutrophils, buccal mucosa, and/or lymphocytes and was
detected only in spermatozoa. However, the parents felt uneasy
about being tested any further.

Additionally, that the parents of patient RT had normal blood
cell counts but high cell death parameters in lymphocytes,
granulocytes, and monocytes like the parents with heterozygous
HAX1 suggested that they were very probably affected by the
same mutation in the same gene, ELANE, as their children.
However, we cannot exclude the possibility that patient RT was
a sporadic case of ELANE mutation and did not additionally
harbor any other untested/unidentified neutropenia mutation
[87] and that his parents were carriers of this mutation. On
the other hand, similar death parameters in the hematopoietic
cells of the parents of NBO to those of the controls suggested
that the ELANE mutation in NBO could be sporadic. As a
second possibility, both of the parents of NBO might have
cyclic hematopoiesis with consecutive normal and abnormal
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hematopoiesis [88], just like in the mother of a patient with
JAGN1 mutation who we followed before [8,10, unpublished
data]. However, we could not exclude an unidentified mosaicism
for the parents of NBO definitively due to the same reasons.

As for the parents of patients with G6PC3 (OSK, MeK) and
unidentified mutations (AO, BA, AG, ZG, KS), only two siblings
with unidentified mutation (AG, ZG) and their parents could be
evaluated for cell death parameters and both the parents' blood
cells (lymphocytes, granulocytes, monocytes) showed apoptosis
and necrosis similar to that of their children. Therefore, we
think that the parents of patients with other recessive SCN gene
mutations (like G6PC3 and at least some of the unidentified
mutations) might be heterozygous for the same genetic defect,
like in the parents who were heterozygous for HAXT.

We think that the modifying effects of other genes or factors
[3,89] and any other accompanying neutropenia mutations [87]
and many other factors that play roles in the transmission of
disease, including the 159T>C polymorphism in the same exon
of HAX1 mutation in patients with HAXT and other mutations
as in other cases [90,91], both in the patients and parents, need
to be evaluated in further studies.

The gingival enlargement and oral aphthae of the parents in the
present study were thought to be possibly due to dysfunctional
neutrophils, which were dysplastic at the same time, like a non-
neutropenic mother of a patient with JAGNT mutation who we
followed before and had apoptosis in addition to morphological
and functional abnormalities in neutrophils, lymphocytes, and
thrombocytes with low levels of myeloperoxidase and defective
chemotaxis [8,10, unpublished data].

Easy bruising and gingival bleeding of the parents were
attributed to defective thrombocyte functions stemming from
defective megakaryopoiesis.

We attribute apoptosis and secondary necrosis in the myeloid
lineage of the non-neutropenic parents to the aforementioned
genetic abnormalities relevant to SCN, while those in the non-
granulocytic cells to the high TNF-alpha levels [36] that can
give rise to apoptosis in blood cells [40,41,42,43,44,45,46], as
discussed for children with SCN.

Conclusion

Apoptosis and secondary necrosis in non-granulocytic cell lines,
dysplasia of blood cells with/without RCS, and disturbances in
lymphocyte subsets and thrombocyte functions were observed in
patients with congenital neutropenia and their non-neutropenic
parents. Additionally, bone marrow of the patients showed
increased phagocytic activity and striking dysmegakaryopoiesis.
(Table 4). This study shows that abnormalities in lymphocyte
subsets and hemorrhagic diathesis are not restricted to albinism-

neutropenia syndromes, as current wisdom holds, but are also
encountered in SCN.

Table 4. Summary of the findings.

e In our study, 15 patients with congenital neutropenia (6 had
HAX1,2 G6PC3, 2 ELANE, 5 unknown mutations) and 21 parents (5
had heterozygous HAXT mutation) were evaluated.

e Significant increase in apoptosis and secondary necrosis in
monocytes, lymphocytes, granulocytes of the patients and their
parents was detected by flow cytometry irrespective of the type of
congenital neutropenia mutation.

e Rapid cell senescence was additionally shown in 25% and 12.5%
of patients and parents respectively.

® Dysplasia was evident in neutrophils, monocytes, lymphocytes,
thrombocytes in both patients and parents, by light and electron
microscope.

® Bone marrow of the patients showed increased phagocytic activity,
striking dysmegakaryopoiesis, necrotic and apoptotic cells.

e CD3 and CD4 lymphocytes and NK cells were decreased in 16.6%,
8.3%, and 36.4% of the patients and 0%, 0%, and 15.4% of
parents (controls: 0%, 0%, 5.6%).

® The percentages of patients, parents, and controls with fewer
than 2 dense granules/thrombocytes were 50%, 35%, and 0%,
respectively.

® In vitro bleeding time was prolonged by 37.5% and 33.3% in
patients, and 18.8% and 12.5% in parents with different cartridges.

e Up to 63.6% and 44.49% of the aggregation tests displayed
abnormality in patients and parents.

® Electron microscopic evaluation of thrombocyte aggregation
revealed abnormality in two evaluated patients.

Moreover, our findings suggest that the pluripotent
hematopoietic stem cells in SCN are defective irrespective of
the genetic etiology, in contrast to the current thinking that
understands the main defect as residing in the progenitor
myeloid cells [1,2,6], and myeloid transcriptional factors [92,93].

Study Limitations

The main limitation of our study was that not all sub-studies
could be performed for all cases due to daily limitations of our
laboratory facilities. Including idiopathic neutropenic patients
as a separate control group could have helped evaluate the
results more extensively, although these patients were beyond
the scope of this study. In spite of this, we believe that our
results may lead to further in vivo and in vitro studies involving
pluripotent hematopoietic stem cells in SCN so as to better
understand the underlying physiopathology. Additionally, the
presence of the same abnormalities in non-neutropenic parents
shows that the phenotype-genotype relationship is another
field that requires further evaluation.
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Appendix: Supplemental Materials and Methods

Mutation Analysis

Mutation analyses of the HAX1, ELANE, CSF3R, and G6PC3 genes were performed by standard techniques using a DNA sequencing kit
(PerkinElmer, Foster City, CA, USA) and the ABI Prism 3100 sequence analyzer (Applied Biosystems, Foster City, CA, USA).

Reference accession number of the genes
HAX1 (NM_006118)

ELANE (NM_001972)

CSF3R (NM_156039)

G6PC3 (NM_138387)

JAGNT (NM_032492)

Evaluation of Cellular Morphology

The peripheric blood cells were evaluated by light (Nikon Eclipse E400,
Nikon Corporation, Japan) and transmission electron microscope (TEM)
(LEO 906E, Zeiss, Germany) for apoptosis and dysmorphism [1,2,3,4],
in a blinded fashion. One hundred neutrophils of the parents (except
YF's mother whose peripheral blood smear enabled us to evaluate
only 50 neutrophils) and control group were scored for dysmorphism
under light microscope (1000X). Each dysmorphic feature shown by
an individual neutrophil was given one score and the total score for a
definite dysmorphic feature was presented as ‘% Only for YF's mother
the total score for a definite dysmorphic feature was multiplied by
two. The patients' neutrophils could not be scored due to neutropenia.
The photographs of the representative cells with dysmorphic features
under electron microscope were taken and presented.

Evaluation of the Thrombocytes of the Patients and the Parents

In vitro bleeding time: This was measured by a PFA—100 instrument
(Dade Behring Marburg GmbH, Marburg, Germany) using collagen-
epinephrine and/or collagen-ADP cartridges [5].

Turbidimetric aggregation tests: A Chrono-Log 560 Ca
aggregometer was used with minor modifications (Chrono-Log
Corporation, Havertown, PA, USA) [5]. Thrombocyte aggregation
was studied with collagen (1 and 2 ug/mlL), ristocetin (1.25 mg/mL),
ADP (2, 6, 10 uM), and epinephrine (10 pM).

Mepacrine labeling of dense granules: Thrombocyte-rich plasma was
prepared and stained with mepacrine (1 pM; Sigma, St. Louis, MO,
USA) as described previously [6,7]. The greenish-yellow fluorescent
dense granules were visualized under a fluorescent microscope
(Zeiss Axoscope; Zeiss, Thornwood, NY, USA). The dense granules
were counted in 84-106 platelets for each sample. The results were
presented as the mean dense granule number per thrombocyte [6,7].

Electron microscopic evaluation of aggregation: After adding 2 M
ADP to thrombocyte-rich plasma obtained from two patients (BA,
ZG), samples were removed at the 2"d, 8m, and 14" minutes and
were prepared for TEM [6].

Statistics

We used SPSS 15.0 to evaluate the data we obtained (SPSS Inc.,
Chicago, IL, USA). A normality test was performed to determine

if the data were distributed in a normal fashion. To compare
evenly and unevenly distributed data, we used the independent
samples t-test and the Mann-Whitney U test (for two groups) and
One-way ANOVA and the Kruskal-Wallis H test with Bonferroni
correction (for more than two groups). We used the Scheffe test
in the one-way ANOVA testing to determine which groups had
differences between themselves. One-sample t-tests were used
to evaluate whether the means of the variables differed from
the means of the reference group. Values of p<0.05 and p<0.017
were considered significant for inter-group comparison and the
Kruskal-Wallis H test, respectively.

Supplemental Results
Ultrastructural View of Aggregating Thrombocytes

Aggregation tests under TEM revealed the following abnormalities:
1) Lack of adhesion: At the 2", 8™ and 14" minutes of the
aggregation test, the thrombocytes were still separate from
each other. At the second minute, the granules were fairly or
completely centralized with no visible pseudopods, whereas
normal thrombocytes fit together tightly, displayed abundant
blunt pseudopods, and had released almost all of their granules
(Case 1, Case 2, and control). 2) Lack of or inadequate secretion:
Organelle centralization took place but the organelles later became
dispersed in the cytoplasm, without undergoing secretion and with

Supplemental Figure 1. The platelet dense granules stained by
mepacrine (arrow).
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Supplemental Table 1. Primers used for the
sequencing of the coding regions of HAX1, ELANE,
G6PC3, CSF3R, JAGNT genes.

HAX1-1F ACTGGAGGGGTTCAAAGGTT
HAX1-1R ATCACCCC AGGTTGGAGAA
HAX1-2F TCC CACTTTGCCACCCATGAGT
HAX1-2R TTCTCACACTTCCCATCCCC
HAX1-3F CCTTTCCCATCCCAGCAAACACC
HAX1-3R CT CACAAGCTCTCACTTCAGGACCA
HAX1-4F G GGGTTTTGGAGCTCGGGAGTAGTT
HAX1-4R TTCAGGGAGGGAGAACACACAG A
HAX1-5,6F CTCCTGCTTCTTCATCTCTC TGCTC
HAX1-5,6R AGGCAGAAGCAAAGGACAAGGG
HAX1-7F CTCAAGATTCCTTGGGGAAG
HAX1-7R CGGAAGTGTTGGAT GGTTCT

ELANE-2,3F CGGAGGGGCAGAGACCCCGGA

ELANE-2,3R AGACCGGGACGCGGGGTCCGA

ELANE-4F CTCGAGCACCTTCGCCCTCAG

ELANE-4R TCAACGGCCCATGGCGGGTAT

ELANE-5-6F CCTGCCCTGCAGGATCCCAGA

ELANE-5-6R GGAGAGTGTGGGTGTGGGCAG

CSF3R-3R AAGGAAATTCCCAATATCTCTCC
CSF3R-4F CCAGGGTCTGCTTTTCTCTG
CSF3R-4R AGGCACCCGCCACTATG

CSF3R-5-6F AGGAAGCTTTCTGAGTGGTCC

CSF3R-5-6R TGTGTTTCCCTCTCCATTCC

CSF3R-7-8F AGAGCCCTCTAGGGTGGG

CSF3R-7-8R GGGGCCTGGACTGGATAC

CSF3R-9F GTATCCAGTCCAGGCCCC

CSF3R-9R CTAAGCCCCGGTTTGTAGG

CSF3R-10F CCTAGAGGCTCTCCTTGACTC

CSF3R-10R CCAGGCAGTCTAGCCTTTG

CSF3R-11F CAGGCTTCTGGCTCAAGG

CSF3R-11R TCAGATAAGCACTGCCTCCC

CSF3R-12F GCTCCTGATCATTAGCACAGG

CSF3R-12R AGAGCCTTGGGAGAGAGAGG

CSF3R-13-14F | AGAAGTCCAACCGGGCTC

CSF3R-13-14R | AAATCAGCATCCTTTGGGTG

CSF3R-15-16F | AGACCCAGCCTTCCCAAC

CSF3R-15-16R | CTTGGCTTCAGAAGGTGTCC

CSF3R-17F CCAGACAGGGACAGTGGC

CSF3R-17R ACCCTCCCCTCTTCTCCAG

G6PC3-1F GTGATAGCCGAGGCGCTACAG
G6PC3-1R AGGGCTTACACATGACTCAGGG
G6PC3-2F GAGTACTCTGTGTCCTGCCCG
G6PC3-2R CTCTGAAATGTTCACCCGAACC
G6PC3-3F CAGCTGTATTATTGAGGCATCACC
G6PC3-3R GCCATGCTGCTGTGTCTATTAGG
G6PC3-4F TTCAACCATGGAGTACCTGGG
G6PC3-4R GTGGGCTCTACAGAAGCTGGG
G6PC3-5F ATTCTCTTGCCAAGCTGCACTG
G6PC3-5R AGGCTAGGTGCAGGCGAGATAG

G6PC3-6aF GATAGCCTGCCTTGTGCTGG

G6PC3-6aR CGGAAGCAGATTTAGGGAGGG

G6PC3-6bF CAGTGGCCTTCTATGTTCCAGC

G6PC3-6bR GGCCAGAGGGTGTACTTGAGG

JAGNT_TF GTGTCGTTGCGGTACCAGG
JAGNT_1R GGGGAGCAAGACCCTGAG
JAGN1_2F TTGTCTGGCATATAGTTGGTGG
JAGN1_2R AAGGGATTTTGGAACCGC
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unevacuated large granules and no enlargement in the OCS (Case 2) or having made
partial secretion with enlarged OCS full of unsecreted material (Cases 1 and 2).
3) Delay in all stages of aggregation: Each stage of aggregation (centralization,
development of pseudopods, and/or absent or impartial secretion) took place with
delay (Case 1, Case 2, and control). 4) Abnormal degranulation: Unlike in normal
degranulation, in which the dissolution of the granule’s membrane is followed
by evacuation of granule contents into the OCS and canalicular dilation, in some
samples of the patients the dense granule was evident in the OCS, without membrane
dissolution (Case 1). 5) Dissociation phenomenon: The patients' platelets showed
the dissociation phenomenon, a disruption of normal aggregation that normally
takes place in a coordinated sequence of pseudopod formation, change in shape,
clustering of central granules, degranulation, and canalicular dilation [8,9]. In our
cases, all of these changes took place without the adherence of thrombocytes to
each other. We observed OCS enlargement and secretion of some material taking
place before the degranulation phase ended (Case 1). 6) Abnormal cytoplasmic
protrusions: The cytoplasmic protrusions in normal aggregating thrombocytes were
thin, whereas in our patients they were amoeboid (Cases 1 and 2).

Clinical Correlations Between Hemorrhagic Diathesis and Laboratory Parameters

It was striking that not all cases with a history of hemorrhagic diathesis displayed
abnormal aggregation test results, low dense granule number in thrombocytes,
or prolonged in vitro bleeding time, whereas many cases without any history
of hemorrhagic diathesis displayed abnormal aggregation test results or low
dense granule number in thrombocytes or prolonged bleeding time or abnormal
ultrastructure of thrombocytes. Not all of these abnormalities coexisted all together
(Table 2; Supplemental Table 5).

Supplemental Discussion
Text 1

In the steady state apoptotic cells are rarely encountered under physiological
conditions and the removal of the apoptotic cells is fast and promotes an
anti-inflammatory response [10]. However, in the case of substantial and excessive
apoptosis during which the capacity of phagocytes to engulf apoptotic cells is
reduced, the uncleared apoptotic cells and fragments undergo secondary necrosis
(delayed apoptotic clearance) which can provoke inflammation or autoimmunity.
Macrophages that ingest necrotic cells cause increased T cell proliferation [10].

Hence, the flow cytometric graphics show that apoptotic and necrotic cells coexisted
in all three cell lines, confirming that necrosis was due to excessive apoptosis. Hence,
phagocytosis of both necrotic and apoptotic cells were shown in the bone marrow
of the patients.

However, presence of excessive apoptosis and secondary necrosis not only in
the patients' neutrophils but in all other cell lines (lymphocytic and monocytic)
regardless of the mutation type of congenital neutropenia and their existence
even in the non-neutropenic parents of the congenital neutropenia patients seem
unreliable at first glance.

We think that macrophages of our patients were activated by increased apoptosis in
the myeloid lineage, and the TNF-alpha secreted by activated macrophages gave rise
to increased apoptosis (and secondary necrosis) in all cell lineages. Hence, striking
phagocytic activity of various phagocytic cells (histiocytes, monocytes, macrophages,
neutrophils, bands and even eosinophils and eosinophil myelocytes), mainly being
monocytic cells, and our previous findings showing elevated TNF-alpha which is
mainly secreted by activated macrophages in a group of congenital neutropenia
patients, most of whom also enrolled in this study [11], confirm our explanation.
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Supplemental Table 2. Characteristics of the parents.

Age | Symptoms / findings | Molecular genetics Leukocyte Neutrophil | Monocyte Lymphocyte | Thrombocyte
count count count count count
(WBC; x109/L) | (109/L, %) | (x109/L, %) | (x109/L, %) | (x109/L, %)
(n=4.0-10.0) | (n=1.9-8.0) | (n=0.12-1.2) | (n=0.9-5.2) | (n=130-400)
Father of MK 38y |- NA? 7.0 3.6 0.8 2.5 365
Mother of MNY- | 34y | - HAXT heterozygousc.130- | 8.3 5.2 0.5 2.5 312
AY siblings* 131insA (p.W44X)**
Father of MNY- | 37y | - HAX1 heterozygous 8.48 5.77 0.62 1.8 304
AY siblings* €.130-131insA (p.W44X)**
Mother of MeK- | 55y | - NA* 9.24 4.38 0.77 3.91 314
OSK siblings
Father of MeK- 54y | - NA? 8.7 5.6 0.8 2.1 322
OSK siblings
Mother of AF* 28y | Gingival enlargement | NA* 8.8 5.4 0.8 2.3 247
Father of AF 32y | Frequent aphthae NA* 8.9 5.6 0.7 2.3 211
Mother of EC* 26y | Gingival enlargement | HAX1 heterozygous 6.82 4.26 0.61 1.80 241
gingival bleeding €.130-131insA (p.W44X)*
Father of EC* 25y |- NA* 8.32 5.37 0.57 2.07 238
Mother of HY* 29y | - HAXT heterozygous 7.38 4.75 0.52 1.94 268
€.130-131insA (p.W44X)*
Father of HY* 32y | - HAX1 heterozygous 10.15 5.87 0.70 3.18 287
€.130-131insA (p.W44X)*
Mother of RT* 30y | - No ELANE™* 10.0 7.3 0.3 2.3 261
Father of RT* 34y | - No ELANE™ 14.1 1.3 0.6 2.1 280
Mother of NBO* | 46y | Easy bruising No ELANE™* 4.7 2.8 0.3 1.6 242
Father of NBO* 49y | - No ELANE™* 5.1 2.3 0.5 2.1 251
Mother of AO 29 | Easy bruising NA? 7.9 5.2 0.4 2.2 361
Father of AO 36y | Gingival enlargement | NA* 8.0 4.8 0.48 2.4 328
Mother of BA 32y |- NA* 6.4 4.0 0.4 1.9 366
Father of BA 38y | Easy bruising NA* 9.4 6.3 0.6 2.2 248
Mother of AG- 23y | - NA* 6.7 3.6 0.56 2.24 205
ZG siblings*
Father of AG-ZG | 27y | Easy bruising NA* 6.84 3.88 0.57 2.12 227
siblings*

*Those who could be evaluated for death parameters by flow cytometry, *Peripheral blood cells, **Peripheral blood cells and buccal mucosa cells, *NA: Not available.

Supplemental Table 3. The number and percentage of the patients and their parents whose lymphocyte subset levels were below
and above age matched normal range.

CD4/CD8
i 2 2 1 0 0 3 0 0 4 0
Patients (n=11)
16.6% 16.6% 8.3% 0% 0% 27.3% 0% 0% 36.4% 0%
0 0 0 0 0 1 0 0 2 0
Parents (n=13)
0% 0% 0% 0% 0% 7.7% 0% 0% 15.4% 0%
0 0 0 0 0 3 0 0 1 0
Control (n=18)
0% 0% 0% 0% 0% 16.7% 0% 0% 5.6% 0%

Supplemental Table 4.

In vitro bleeding time of the cases.

Collagen-ADP (n=65-125 sn) / (No of cases)

Collagen-epinephrin (n=85-157 sn) / (No of cases) |

Patients 150.25+28.89 (n=8) 121.0+22.5 (n=6)
Parents 131.9+35.5 (n=16) 110.3+74.1 (n=8)
Control 129.2+28.8 (n=9) 88.3+12.2

P (Patients-parents) 0.293 0.233

P (Patients-control) 0.293 0.031

P (Parents-control) 0.293 1.000
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Family of the patient
that is examined/

mutation of the

patient

Supplemental Table 6. Laboratory parameters of the parents.

Parent/molecular genetics

Lymphocyte
subsets in
comparison to
age matched
normal ranges

Dense granule per
thrombocyte
(n=2.78-3.82)/

Bleeding time (in vitro)
(Coll-epi* n=85-157 s;
Coll-ADP** n= 65-125 s)

Aggregation defect

Family of YF/ Mother/NAt NK:25-50p 3.2/coll-epi: 120's No secondary aggregation with 2 and 6 pM
HAX1 homozygous CD3:25-50p ADP; hypoaggregation with epinephrin (10
€.130-131insA (p.W44X) CD4:<25p pM/mL), normal aggregation with collagen
CD8:25-50p (1ug/mL) and ristocetin (1.25 mg/mL)
CD4/CD8:25-50p
Father/NAT ND 2.1/coll-epi: 152 s No secondary aggregation with 2 and 6 uM
ADP; normal aggregation with epinephrin (10
uM/mL), collagen (1pug/mL), and ristocetin (1.25
mg/mL)
Family of MNY/AY Mother NK<25p;CD3>75p | 4/coll-epi: 154 s ND

mutation of the patient

comparison to
age matched
normal ranges

(n=2.78-3.82)/

Bleeding time (in vitro)
(Coll-epi* n=85-157 s; Coll-
ADP* n=65-125s)

Both HAX1/ HAX1 heterozygous ¢.130- | CD4:25-50p
Homozygous ¢.130- 131insA (p.W44X)™ CD8>75p
131insA (p.W44X) CD4/CD8<25p
Father NK<25p 0.23/coll-epi:122's Secondary aggregation defect and
HAX1 heterozygous ¢.130- CD3:50-75p and disaggregation with ADP (10 uM),
131insA (p.W44X)™* CD4>75p hypoaggregation with collagen (2 ug/mL),
CD8<25p normal aggregation with ristocetin
CD4/CD8>75p (1.25 pg/mL) (epinephrin not available)
Family of MK/ Father/NAt ND ND/ND Hypoaggregation with ADP (10 pM) and
HAX1 homozygous collagen (1 pg/mL), normal aggregation with
€.130-131insA (p.W44X) ristocetin (1.25 pg/mL)
Family of EC/ Mother NK<25p 3.6/coll-epi:134s; Normal aggregation with ADP (10 puM),
HAX1 homozygous HAX1 heterozygous ¢.130- CD3>75p Coll-ADP:103 s collagen (2 pg/mL), ristocetin (1.25 mg/mL)
.130-131insA (p.W44X) | 137insA* CD4:50-75p
CD8:50-75p
CD4/CD8:50p
Father NA* NK<25p 3.5/coll-epi:151; coll- Normal aggregation with ADP (10 uM),
CD3:25-50p ADP:80 s collagen (2 pg/mL), ristocetin
CD4>75p (1.25 mg/ml)
CD8<25p
CD4/CD8>75p
Family of HY/ Mother NK<25p 4.5/coll-epi:76 s; Secondary aggregation defect and
HAX1 homozygous HAXT heterozygous ¢.130- CD3>75p Coll-ADP:48 s disaggregation with ADP (10 uM), normal
€.130-131insA (p.W44X) | 137insA (p.W44X)* CD4:25-50p aggregation with collagen (2 pg/mL), ristocetin
CD8:25-50p (1.25 mg/ml)
CD4/CD8:50p
Father NK:25-50p 0.9/coll-epi: 166 s; coll-ADP: | Secondary aggregation defect and
HAX1 heterozygous ¢.130- | CD3:50-75p 115 disaggregation with ADP (10 pM),
131insA (p.W44X)** CD4:25-50p collagen (2 pg/ml), ristocetin
CD8:25-50p (1.25 mg/mL)
CD4/CD8:50p
Family of OSK/MeK Father/NAt ND 2.3/ND Normal aggregation with ADP (2 uM),
G6PC3 homozygous, hypoaggregation with epinephrin (10 uM/mL),
¢.194A>C (p.E65A) collagen (1ug/mL) and ristocetin (1.25 mg/mL)
Family of the patient Parent/molecular genetics Lymphocyte Dense granule per Aggregation defect
that is examined/ subsets in thrombocyte

CD4/CD8:25-50p

Family of RT/ Mother NK<25p 3.95/coll-epi: 142 s; coll- Normal aggregation with ADP
ELANE No ELANE mutation™** CD3:50-75p ADP: 96 s (2 and 6 pM), epinephrin (10 uM),
Heterozygous CD4>75p collagen (1 pg/mL), ristocetin (1.25 mg/mL)
IVS4+5G>A CD8<25p
CD4/CD8>75p
Father NK<25p 3.26/coll-epi: 107 s; coll- Normal aggregation with ADP
No ELANE mutation™** CD3>75p ADP:65 s (2 and 6 uM), epinephrin (10 pM),
CD4:25-50p collagen (1 pg/mL), ristocetin (1.25 mg/mL)
CD8:50-75p
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Supplemental Table 6. Continued.

Family of the patient
that is examined/

mutation of the patient

Parent/molecular genetics | Lymphocyte
subsets in
comparison to
age matched

normal ranges

Dense granule per
thrombocyte
(n=2.78-3.82)/

Bleeding time (in
vitro) (Coll-epi*
n=85-157 s; Coll-
ADP* n=65-125 s)

Aggregation defect

Family of BA Father/[NA? NK<25p 3.5/coll-epi: 97 s No secondary aggregation with 2uM ADP and
Unidentified mutation CD3:50-75p epinephrin (10 uM/mL) but normal aggregation with 6
CD4>75p UM ADP, collagen (1pg/mL), and ristocetin (1.25 pg/mL)
CD8<25p
CD4/CD8>75p
Family of AG/ZG Mother//NA? NK<25p 0.76/coll-epi: 134s Normal aggregation with ADP
Unidentified mutation CD3:50-75p (2 and 10 pM), collagen (2 pg/mL), ristocetin
CD4>75p (1.25 mg/ml)
CD8<25p
CD4/CD8>75p
Father/INA* NK<25p 0.98/ coll-epi: 193 s; | Normal aggregation with ADP (10 uM), collagen (2 pg/
CD3>75p coll-ADP>300 s mL), ristocetin (1.25 mg/mL)
CD4>75p
CD8<25p
CD4/CD8>75p
Family of NBO/ Mother ND 1.8/coll-epi: 82's Normal aggregation with ADP
Heterozygous No ELANE mutation™* (2 and 6 uM), epinephrin (10 pM),
ELANE c.416C>T collagen (1 pg/mL), ristocetin (1.25 mg/mL)
Father 2.0/coll-epi: 91's No secondary aggregation with ADP (2 uM) but normal
No ELANE mutation™* ND aggregation with ADP (6 puM), epinephrin (10 uM),
collagen (1 ug/ml), ristocetin (1.25 mg/mL)
Family of AO Mother/NAt ND 0.22/coll-epi: 189's; | Normal aggregation with ADP (2 and 6 pM), collagen
Unidentified mutation coll-ADP:103 s (1 ug/mL), ristocetin (1.25 mg/mL). Prolonged lag phase
with epinephrin (10 pM)

*Collagen-epinephrin cartridge, **Collagen-ADP cartridge, **Peripheral blood cells, ***Peripheral blood cells and buccal mucosa cells, TNA: not available.

megakaryocyte emperipolesis,
of apoptosis, paraapoptosis,
thrombocyte aggregation.

megakaryocytes with features
necrosis, and abnormalities in

Naked megakaryocyte nuclei form after progressive folding of
lobulated nucleus itself and then contracting (pyknosis), in order to
reach the lowest volume that the megakaryocyte can occupy. The
surrounding small rim of cytoplasm contains no characteristic MK
granules or demarcation membranes. In physiological conditions,
NMN are senescent cells which completed thrombocyte shedding and
are few in normal bone marrow. However, large numbers of NMN in
the bone marrow, like in myeloproliferative diseases and AIDS show
defective maturation, a heavy intramedullary premature cell death
of megakaryocytes and increased megakaryopoies [27, 28].

Emperipolesis [29,30] is a random passage of one cell through
the cytoplasm of another one with no physiological change in
neither of them. It is most frequent in megakaryocytes and the
most engulfed cell types are neutrophils and erythrocytes, as in our
patients.

Naked megakaryocyte nuclei [27] and megakaryocytes with
emperipolesis [29] were shown to display the features of
paraapoptosis (non classical apoptosis).

While apoptosis is characterized by margination of condensed
chromatin, nuclear fragmentation and formation of apoptotic
bodies, paraapoptosis of megakaryocytes is characterized by
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cytoplasmic vacuolization due to mitochondrial swelling and
distended demarcation membrane system (DMS), condensed
nuclear chromatin with no early chromatin margination and no
surface blebbing and apoptotic body formation. All paraapoptotic
megakaryocytes were shown to have an intact, thickened peripheral
zone which seemed to contain no functional cellular material, like
organelles or DMS and their cytoplasm did not contain thrombocyte
territories [31], like in our patients.

Additionally presence of many stage 1 megakaryocytes
(megakaryoblasts), some of which are aberrantly releasing
thrombocytes, unlike what is expected, also show
dysmegakaryopoiesis [32].

That presence of nearly no normal megakaryocytes in our patients
and that nearly all megakaryocytes displayed characteristics of NMN,
emperipolesis or abnormal morphology like peripheral vacuolization
(showing non-classical apoptosis: paraapoptosis and directly
destructed megakaryocytes (showing necrosis) imply defective
megakaryocyte maturation, a heavy intramedullary premature cell
death of megakaryocytes and increased megakaryopoiesis.

Defective maturation in megakaryocytes is also expected to be
due to the increased levels of aforementioned proinflammatory
cytokines secreted by and after macrophage activation which can
destroy the bone marrow microenvironment and hematopoietic
stem cell niches [25] giving rise to hematopoietic stem cell
dysfunction and dyshematopoiesis and thereby generalized
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dysplastic findings of bone marrow cells, as it is for the other bone
marrow cells.
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Objective: Cancer cell reprogramming is a potential tool to study
cancer progression, disease pathology, and drug sensitivity. Prior to
performing cancer reprogramming studies, it is important to evaluate
the stemness predisposition of cells that will be reprogrammed. We
performed a proof-of-concept study with chronic myeloid leukemia
K562 cells in order to evaluate their tendency for cancer cell
reprogramming.

Materials and Methods: Expression of reprogramming factors,
pluripotency markers, and tumor-suppressor genes was analyzed at
gene and protein levels via real-time reverse transcription-polymerase
chain reaction and flow cytometry. Human peripheral blood
mononuclear cells (PBMCs) were used as a positive control.

Results: K562 cells were shown to express higher levels of most of the
reprogramming factors and pluripotency markers. Expression of p53,
which is one of the main regulators during the generation of induced
pluripotent stem cells, was found to be lower in K562 cells compared
to PBMCs, whereas the other tumor-suppressor genes showed higher
expression levels.

Conclusion: This study suggested that, similar to healthy human
PBMCs, K526 cells could be used in cancer cell reprogramming studies.
Generating induced pluripotent stem cells from leukemia cells could
help scientists to establish chronic myeloid leukemia models in vitro
for a better understanding of therapy resistance and development of
novel therapeutic targets.

Keywords: Induced pluripotent stem cells, Chronic myeloid leukemia,
K562, Disease modeling, Cell reprogramming

Amac: Kanser hiicrelerinin - yeniden programlanarak hastalik
modellerinin olusturulmasi, hastaligin ilerleyisini, patolojisini ve ilag
duyarhhginiincelemek icin 6nemli bir teknolojidir. Kanser hiicrelerinde
yeniden programlama ¢alismalarini gerceklestirmeden dnce, hiicrelerin
programlamaya yatkinhgini degerlendirmek énemlidir. Kronik myeloid
[6semi K562 hiicrelerinin  kanser programlama calismalarinda
kullanilabilirligini gostermek amaciyla bir kavram kaniti calismasi
gerceklestirdik.

Gere¢ ve Yontemler: Yeniden programlama faktorleri, pluripotensi
belirtecleri ve tiimor baskilayici genlerin ifadeleri, gercek zamanl-
polimeraz zincir reaksiyonu ve akan hiicre sitometrisi ile gen ve
protein seviyelerinde analiz edildi. Programlama calismalarinda en cok
kullanilan insan periferik kan mononiikleer hiicreleri (PBMC) pozitif
kontrol olarak kullanildi.

Bulgular: K562 hiicrelerinin, yeniden programlama faktorlerini
ve pluripotency belirteclerini PBMC hiicrelerine gore daha yiiksek
seviyede ifade ettigi gosterilmistir. Uyariimis pluripotent kok
hiicrelerinin olusumu sirasinda ana diizenleyicilerden biri olan p53'iin
ifadesi, K562 hiicrelerinde PBMC'ye kiyasla daha disiik bulunurken,
diger tlimor baskilayici genler daha yiiksek ifade géstermistir.

Sonug: Bu calisma, saglikh insan PBMC'lerine benzer sekilde, K526
hiicrelerinin yeniden programlama calismalarinda kullanilabilecegini
gostermistir. Losemi kaynakli uyarilmis pluripotent kok hiicreleri
kullanilarak in vitro ortamda hastalik modellerinin iretilmesi, bilim
insanlarinin ilag direnclerini daha iyi anlamasi ve yeni tedavi hedefleri
gelistirilmesi icin 6nemli bir arac olacaktir.

Anahtar Sozciikler: Uyarilmis pluripotent kok hiicreler, Kronik
myeloid l6semi, K562, Hastalik modelleme, Hiicre programlama
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Introduction

Since their discovery, induced pluripotent stem cells (iPSCs)
have been extensively used to model diseases and test drugs
in vitro [1,2,3,4,5,6]. Hematological disorders including chronic
myeloid leukemia (CML) have been modeled by various research
groups [4,7,8]. iPSCs capture the genetic alterations present in
leukemia cells and their differentiation ability helps scientists to
understand disease progression and therapy resistance.

In one of the first such studies, the CML cell line KBM7 was
reprogrammed towards pluripotency via retroviral vectors
carrying OKSM (Oct3/4, KIf-4, Sox-2, c-Myc) factors [9].
Unlike the untreated cells, the reprogrammed group showed
resistance to the chemotherapeutic agent imatinib, which is
an inhibitor of the BCR-ABL oncogene. It was hypothesized
that the therapeutic agent imatinib targets cells in a specific
epigenetic differentiated cell state, which can contribute to
its inability to fully eradicate disease in CML patients [10].
Later, Bedel et al. [11] reported that when CD348CR-8l+ cells
from CML patients were reprogrammed, CML-iPSCs lost their
BCR-ABL dependency and became resistant to tyrosine kinase
inhibitor therapy. The authors suggested that CML-iPSCs can
be used to study mechanisms by which leukemic stem cells
survive to therapy and are a promising tool for testing and
screening new therapeutic targets reducing leukemic stem
cell survival [11]. In another CML study, again with the use
of retroviral vectors, iPSCs were generated from primary
CML patients' cells. Although CML-iPSCs were resistant to
the chemotherapeutic agent imatinib, CML-iPSC-derived
hematopoietic cells recovered sensitivity to the drug [12]. In
another study, whole-genome sequencing of CML-derived
iPSCs revealed genocopying of highly mutated primary
leukemic cells, which were used to understand the selective
growth under tyrosine kinase inhibitor therapies [13]. In
2015, iPSCs were used to identify the leukemia stem cells
for primitive CML by Suknuntha et al. [14]. Due to the rarity
of leukemia stem cells within the primitive hematopoietic
cell compartment, it is difficult to study their contribution.
By the generation of CML-iPSCs, the authors discovered
olfactomedin 4 as a novel factor that contributes to the
survival and growth of somatic lin(-)CD34(+) cells from the
bone marrow of patients with CML in the chronic phase, but
not primitive hematopoietic cells from normal bone marrow
[14]. These contradictory results show that more work is
needed to model CML. However, as in the reprogramming
of healthy cells, there are various factors affecting
reprogramming efficiency, and for this reason, these factors
should be first determined for leukemia in order to model
such diseases in vitro.

As can be seen from the above studies, reprogramming cancer
cells is a potential tool to study cancer progression, disease

pathology, and drug sensitivity. Prior to performing cancer
reprogramming studies, it is important to evaluate the stemness
predisposition of cells that will be reprogrammed [4]. Here, we
performed a proof-of-concept study with K562 cells in order
to evaluate their tendency for cancer cell reprogramming. We
analyzed the endogenous expression of reprogramming and
pluripotency factors that are known to be important factors
for cell reprogramming. Furthermore, it is well known that
the expression of tumor-suppressor genes also determines
reprogramming efficiency [15]. Therefore, the levels of
important tumor-suppressor genes were identified in K562 cells.

Materials and Methods

Cell Culture

Human CML cell line K562 and human peripheral blood
mononuclear cells (PBMCs) were obtained from ATCC and Lonza,
respectively. Cells were cultured in RPMI 1640 supplemented
with 10% fetal bovine serum, 50 U/mL penicillin, 50 ug/mL
streptomycin, and 1% L-glutamine at 37 °C in 5% CO,.

RNA Extraction and Quantitative Real-Time PCR (qRT-PCR)

Cells (1x10° cells) were collected and RNA was extracted with
the Macherey-Nagel RNA isolation kit. cDNA synthesis from 1 ug
of RNA sample was performed with the iScript cDNA synthesis
kit (Bio-Rad) according to the manufacturer's instructions. Two
microliters of each cDNA sample were used to perform real-time
quantitative reverse transcription-polymerase chain reaction
(qRT-PCR) reactions with iQ SYBR Green SuperMix (Bio-Rad).
Samples were run on the CFX-96 Connect Real-Time System
(Bio-Rad) with the following protocol: 95 °C for 3 min, 1 cycle;
95 °C for 10 s and 60 °C for 30 s, repeated for 40 cycles. GAPDH
was used as a reference gene and gene expression levels for
0CT3/4, SOX2, KLF4, CMYC, NANOG, REX, CRIPTO, P53, P21, P16,
and PRB were normalized to PBMCs.

Flow Cytometry Analysis

Cells (1x10° cells) were collected by centrifugation, washed
with ice-cold methanol for fixation, and then permeabilized
with 0.1% Triton-X100 containing 2% bovine serum albumin-
phosphate buffered saline (PBS). Following washing with PBS,
cells were stained with rabbit anti-Oct3/4, rabbit anti-Nanog, or
mouse anti-p53 antibodies. Anti-rabbit-AF543 and anti-mouse-
AF488 were used as secondary antibodies. Cells were analyzed
with a BD Accuri Plus Flow Cytometer (BD). For 10,000 events,
percentages of positive populations were determined by using
BD Accuri Plus software (BD).

Statistical Analysis

Triplicates containing required amounts of cells were used
during analyses. Delta Ct values were used for the statistical
analysis of RT-PCR results. Statistical analysis was performed
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by analysis of variance and Tukey's pairwise comparisons using
SPSS 16.0 (SPSS Inc.).

Results

In order to test the tendency of K562 cells towards cell
reprogramming, we used human PBMCs as a positive control
because there are studies that have shown successful
reprogramming with PBMCs [16].

As shown in Figure 1, the reprogramming factors (Oct3/4, KIf2,
Sox2, cMyc) were all upregulated in K562 cells compared to
PBMCs (Figure 1A). Significant differences were observed for the
KIf2, Sox2, and cMyc genes. When the cells were analyzed for
the expression of pluripotency markers including Nanog, Rex,
and Cripto via real-time RT-PCR, we observed higher expression
levels compared to PBMCs (Figure 1B). However, we obtained
a lower profile when compared to that of the programming
factors.

In addition to the programming and pluripotency factors,
the expression of tumor-suppressor genes determines the
efficiency of reprogramming [15]. For this reason, we analyzed
the expression of the P53, P21, P16, and PRB genes and found
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Figure 1. Gene expression of reprogramming factors and pluripotency
markers. RNA was isolated from peripheral blood mononuclear cells
(PBMCs) and K562 cells and quantitative real-time polymerase chain
reaction was performed. Relative gene expression was plotted for A)
reprogramming factors and B) pluripotency markers. GAPDH was used as
a reference gene and data were normalized to PBMCs.

*p<0.05 compared to PBMCs.
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that P53 was downregulated in K562 cells compared to PBMCs,
whereas the others showed higher expression levels (Figure 2).

In order to confirm the gene expression data, we performed flow
cytometric analysis of programming factor Oct3/4, pluripotency
marker Nanog, and tumor suppressor p53 in PBMCs and K562
cells. Flow cytometry analyses confirmed the real-time RT-PCR
data. The percentage of cells positive for Oct3/4 and Nanog
was increased to 11.7% and 9.5%, respectively (Figure 3).
When anti-P53 antibodies were used to stain the cells in flow
cytometry, in contrast to real-time RT-PCR data, there was no
significant change in the P53-positive cell populations (Figure
4). This may suggest that even though there was a difference
at the mRNA level, protein levels do not vary, possibly due to
posttranscriptional regulation.

Discussion

It has been previously reported that the expressions of
reprogramming and pluripotency factors in the starting cells are
limiting factors in cell reprogramming [4,17]. As shown here,
higher levels of reprogramming and pluripotent factors at both
gene and protein levels increase the tendency towards cellular
reprogramming. On the other hand, expression of tumor-
suppressor genes needs to be controlled during iPSC generation
[15,18,19]. In this study, we observed downregulation of P53
mRNA and similar levels of its protein in K562 cells compared
to PBMCs. However, the overall expressions of other tumor-
suppressor genes can still be limiting factors. Therefore, the
expression of these genes should be carefully monitored during
reprogramming. Silencing strategies could be needed to achieve
efficient reprogramming. Until now, cancer reprogramming
studies for CML have not focused on the expression of the above
factors [9,11,13,20,21] and there is no study that has reported
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Figure 2. Gene expression of tumor-suppressor genes. RNA was isolated
from peripheral blood mononuclear cells (PBMCs) and K562 cells and
quantitative real-time polymerase chain reaction was performed. Relative
gene expression was plotted for tumor-suppressor genes. GAPDH was
used a reference gene and data were normalized to PBMCs.

*p<0.05 compared to PBMCs. Small graph shows the gene expression profile of
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the link between these factors and the ease of reprogramming.
Therefore, this is an important preliminary study that reinforces
the importance of these factors.

Screening the levels of reprogramming and pluripotency
factors has been one of the ways to assess the efficiency of iPSC
generation [4]. On the other hand, expression of these markers
has also been linked with multidrug resistance of leukemia cells
through modulating the ATP-binding-cassette transporters
(ABC-transporters) [9,21]. For example, the expressions of
Oct4, Sox2, and Nanog, all of which are studied in the present
work, have been shown to be upregulated in K562 cells when
they retain multidrug resistance to doxorubicin [20,22].
Therefore, this also suggests that monitoring their expression
status is a key step in order to model the disease and study
drug resistance.

n - PBMC -

1.600

1600

Vi-L
a7 8% 2,2%|
g g
< 2 -
.“""'\-\.
[ER=F8 -1
(@] =] 3
o LRLLLURALLL maLl et S -
wl ol W wf Wl o ol wd wf ud WS WP T2
PE-A PE-A
: PBMC : K562
= V-l Vi-R = M-L Vi-R
a7 ,8% 2,2%) 90,5% 9,5%]
g
ay -
e £
2
g 3
g 8- s
- T T T

I Wl Wl W8 ot WS P WTD
PE-A

14,00%
*

12,00%
10,00% -

8,00% 4
mOct3fd

6,00% 4 Nanog

% OF POSITIVE CELLS

4,00%

0,00% +——
PBMC K562

Figure 3. Protein expression of reprogramming factor Oct3/4 and
pluripotency marker Nanog. Cells were collected by centrifugation,
followed by staining for Oct3/4 and Nanog. Cells were analyzed in a BD
Accuri Plus Flow Cytometer (BD).

*p<0.05 compared to peripheral blood mononuclear cells.

PBMC: Peripheral blood mononuclear cell.

In addition to the above factors, there are other factors
that limit the efficiency of iPSC generation from cancer
cells. These include the proliferation rate of cancer cells,
the epigenetic background, long-term culturing conditions
during reprogramming, the heterogeneity of tumor cells, and
the presence of cancer stem cells [4]. For example, highly
proliferating cells will be difficult to reprogram since dividing
cancer cells and reprogrammed cancer cells will compete in
culture conditions, which would not allow for ground-state
pluripotency in the reprogrammed cells [23]. Therefore, future
studies should monitor the above parameters in detail during
cell reprogramming of CML.

Considering PBMC usage as the cell source in reprogramming
protocols, this proof-of-concept study showed that K526 CML
cells could also be used in cancer cell reprogramming studies.
Generating iPSCs from these cell lines could help scientists to
establish CML models in vitro. This can allow us to study disease
progression, drug responses, and disease pathology.

Conclusion

This study suggested that, similar to healthy human PBMCs,
K526 cells could be used in cancer cell reprogramming studies.
Generating iPSCs from leukemia cells could help scientists
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Figure 4. Protein expression of tumor-suppressor gene p53. Cells
were collected by centrifugation, followed by staining for p53. Cells
were analyzed in a BD Accuri Plus Flow Cytometer (BD).

PBMC: Peripheral blood mononuclear cell.
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to establish CML models in vitro, better understand disease
progression, and develop novel therapeutic targets.
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M e

Objective: Sickle cell disease (SCD), described as a group of inherited
blood disorders, affects millions of people throughout the world and
is particularly common in the southern part of Turkey. We aimed to
determine the relationship between ischemia-modified albumin (IMA)
and the dynamic thiol/disulfide balance in SCD.

Materials and Methods: Fifty-four adult SCD patients and 30 healthy
controls were included in the study. The 54 adult patients included
30 (56%) males and 24 (449%) females with a mean age of 28.3+8.4
years (minimum-maximum: 18-46 years). Of the 54 patients, 46 had
homozygous sickle cell anemia (HbSS) and 8 had sickle/B-thalassemia
(HbS/p*-thalassemia). Fasting blood samples were collected. After
centrifugation at 1500xg for 10 min, plasma samples were portioned
and stored at -80 °C. IMA levels were determined by albumin cobalt
binding test, a colorimetric method. Total and native thiols and
disulfide were analyzed with a novel spectrophotometric method.

Results: We found significantly lower levels of native thiol (-SH)
(284.0+86.3 pmol/L), disulfide levels (14.6+7 umol/L), and total thiols
(-SH + -S-S-) (313.0+89.3 umol/L) in SCD patients compared to
healthy controls (respectively 417.0+54.2, 22.7+11.3, and 462.0+58.7
umol/L). Plasma albumin levels (34.9+7.9 g/L) were lower and IMA
levels (13.6+3.1 g/L) were higher in SCD patients compared to controls
(respectively 43.5+3.1 and 8.4+1.6 g/L). Plasma albumin levels were
strongly correlated with both plasma native (r=0.853; p=0.0001) and
total thiols (r=0.866; p=0.0001).

Conclusion: Decreased plasma native and total thiol levels and
increased IMA levels are related to increased oxidative stress and
provide an indirect and quick reflection of the oxidative damage in
SCD patients.

Keywords: Sickle cell disease, Thiol/disulfide homeostasis, Oxidative
stress, Ischemia-modified albumin

Amac: Kalitsal kan hastaliklarinin bir grubu olarak tanimlanan orak
hiicre hastaligi (OHH), tim dinyada milyonlarca insani etkilemekte
ve ozellikle Turkiye'nin glineyinde yaygin olarak goriilmektedir. OHH
hastalarinda, iskemi modifiye albiimin (IMA) ve dinamik tiyol/disiilfit
dengesi arasindaki iliskiyi belirlemeyi amagcladik.

Gereg ve Yontemler: Calismaya, yas ortalamasi 28,3+8,4 (minimum-
maksimum: 18-46) olan 30 (%56) erkek ve 24 (%44) kadin olmak
lizere 54 yetiskin OHH hastasi ve 30 saglikli kontrol dahil edildi. Elli
dort yetiskin OHH hastanin 46'sinda homozigot orak hiicre anemisi
(HbSS) ve 8'inde orak/B-talasemi (HbS/B+-talasemi) vardir. Hasta ve
kontrol gruplarinin aclik kan &rnekleri toplandi. Plazma &rnekleri
1500xg'de 10 dakika santrifiij edildikten sonra porsiyonlandi ve -80
°C'de saklandi. IMA seviyeleri, kolorimetrik bir test olan albiimin
kobalt baglanma testi ile belirlendi. Toplam ve serbest tiyoller ve
distilfit diizeyleri yeni bir spektrofotmetrik metot ile analiz edildi.

Bulgular: OHH hastalarinda sirasiyla serbest tiyol diizeyleri (-SH)
(284,0+86,3 umol/L), distilfit seviyeleri (14,6+7 umol/L) ve total tiyol
(-SH + -SS-) dizeylerinin saglikli kontrollerle karsilastirildiginda
anlaml  derecede diistik oldugu bulundu (313,0+89,3 pmol/L)
(417,0454,2; 22,7+11,3; 462,0+58,7 umol/L). OHH hastalarinda kontrol
grubu ile karsilastirildiginda plazma alblimin seviyeleri (34,9+7,9 g/L)
daha diisiik ve IMA diizeyleri (13,643,1 g/L) daha yiiksek bulundu
(sirasiyla 43,5+3,1; 8,4+1,6 g/L). Ayrica, plazma alblimin diizeylerinin,
hem serbest tiyoller (r=0,853; p=0,0001) hem de total tiyoller
(r=0,866; p=0,0001) ile giiclii bir korelasyona sahip oldugu bulundu.

Sonuc: Azalmis plazma serbest ve total tiyol seviyeleri ve artmis IMA
seviyeleri, artmis oksidatif stres ile iliskilidir ve OHH hastalarinda
oksidatif hasarin dolayh ve hizl bir yansimasini saglar.

Anahtar Sozciikler: Orak hiicre hastahgi, Tiyol/distlfit dengesi,
Oksidatif stres, iskemi modifiye albiimin
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Introduction

Sickle cell disease (SCD), described as a group of inherited blood
disorders, affects millions of people throughout the world and
is particularly common in the southern part of Turkey [1]. It
is characterized by chronic anemia and painful events mainly
related to tissue and organ damage. The primary cause of
this disorder is a single DNA base mutation that results in the
substitution of valine for glutamine at position 6 in the 3-globin
chain of hemoglobin [2]. This single base mutation induces the
production of abnormal and insoluble hemoglobin S (Hb S),
which is accumulated especially in anoxic conditions, leading
to erythrocyte sediments by sickling [3]. Interaction of sickle
erythrocytes with capillary endothelium initiates ischemic
end-organ injury via a cascade of thrombotic, inflammatory,
and oxidative insults that is exacerbated during painful vaso-
occlusive crises [4]. These interact by changing the imbalance
of reactive oxygen species (ROS) and antioxidants, causing
oxidative damage to cell structures such as lipids, membranes,
proteins, and nucleic acids [5]. The imbalance between free
radicals and antioxidants also affects sulfhydryl groups (-SH) of
organic sulfur derivatives (thiols, RSH), which are represented by
serum proteins, mainly albumin [6], and play crucial roles in redox
homeostasis. The increase in oxidative stress leads to imbalance
in the reversible formation of dynamic disulfide bonds between
protein thiol groups [7]. Increasing evidence indicates the vital
roles of dynamic thiol-disulfide homeostasis in the regulation
of intracellular enzymatic activity, antioxidant protection, and
apoptosis, which are related to the pathogenesis of a variety of
diseases including diabetes mellitus [8], cardiovascular diseases
[9], and cancer [10].

Oxidative stress also causes the reduction of the binding affinity
of albumin due to free radical damage to the N-terminal of
aloumin molecules [11]. This new chemically changed albumin
is called ischemia-modified albumin (IMA) and is used as a
sensitive biochemical marker of ischemia and oxidative stress
originating as a consequence of tissue hypoxia [12]. IMA has
been shown to increase in patients with ischemic conditions
including acute coronary syndrome, stroke, and chronic liver
diseases [13,14,15].

However, there is no study in the literature evaluating
dynamic thiol/disulfide hemostasis and IMA levels in patient
with SCD. In light of those studies that indicated the role of
increased oxidative stress in SCD, we hypothesized that thiol/
disulfide hemostasis could be related to the pathogenesis of
the disease.

In this study, we aimed to evaluate the relationship between IMA
and the dynamic thiol/disulfide balance in sickle cell patients.
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Materials and Methods

Study and Control Groups

Fifty-four SCD patients, including 30 (56%) males and 24
(449%) females with a mean age of 28.3+8.4 years (minimum-
maximum: 18-46 years), in steady-state condition who applied
to the hematology department of Mustafa Kemal University
Hospital, were enrolled in the study. The control group consisted
of 30 age- and sex-matched healthy subjects. Of the 54 patients,
46 had homozygous sickle cell anemia (HbSS) and 8 had sickle/
B-thalassemia (HbS/B+-thalassemia).

Informed written consent was obtained from all patients and
healthy controls. Demographic data were collected from the
hospital information system. Patients with diabetes mellitus,
obesity, kidney or liver failure, coronary heart disease, any
hematologic disorder other than SCD, and malignancy were
excluded from the study, as were smokers, alcohol drinkers, and
patients with a recent history of transfusion in the last 3 months.
The institutional Ethics Committee of Mustafa Kemal University
approved the study protocol (protocol number: 2016/90).

Specimen Collection

Fasting venous blood samples were collected into vacutainer
tubes containing ethylenediaminetetraacetic acid and lithium-
heparin from the sickle cell patients and healthy controls
and were centrifuged at 1500xg for 10 min within 1 h after
sampling. After separation, plasma samples were aliquoted for
albumin, total thiol, native thiol, and IMA measurements and
stored at -20 °C until the time of assay.

Measurement of Biochemical Parameters
Chemicals and Devices Used in the Assays

All reagents and chemicals were purchased from Sigma-Aldrich.
Spectrophotometric analysis was performed with a Shimadzu
UV-1800 spectrophotometer with a temperature-controlled
cuvette holder and an automated analyzer (Architect Plus
8000, Abbott, USA).

Assay Principle of Thiol/Disulfide Homeostasis Parameters

Native thiol and total thiol levels were assayed with a newly
developed spectrophotometric method as described previously
by Erel and Neselioglu [7]. Briefly, disulfide bonds were first
reduced to form free functional thiol groups using sodium
borohydride. The unused sodium borohydride reductant was
removed with formaldehyde to prevent reduction of DTNB
(5,5'-dithiobis-(2-nitrobenzoic) acid). After the reaction with
DTNB, the thiol groups including reduced and native thiol
groups were determined spectrophotometrically at 415 nm.
Disulfide concentration and disulfide/native thiol percentages
were calculated with the following formulas:
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Disulfide levels (umol/L) = (total thiol - native thiol)/2.

Disulfide/native thiol percentage (%) = (disulfide x 100)/native
thiol.

Since most of the serum thiols are formed by human serum
aloumin thiols (HSA-SH, ~80%), we calculated the adjusted
total thiol, native thiol, and disulfide levels based on serum
albumin concentrations from the following formulas:

Adj. total thiol levels = total thiol (umol/L)/alb (g/L).
Adj. native thiol levels = native thiol (umol/L)/alb (g/L).
Adj. disulfide levels = disulfide (umol/L)/alb (g/L).

Ischemia-Modified Albumin and Plasma Albumin Levels

IMA levels were determined by albumin cobalt binding test,
a rapid colorimetric method developed by Bar-Or et al. [16].
The method is based on the binding ability of reduced cobalt
ions (Co?) of HSA due to ischemia. Briefly, a known amount of
exogenous Co (CoCl) was added to serum samples. Albumin,
which is altered as a result of ischemic processes, binds to the
Co(ll) to a far lesser extent and the excess (unbound) amount
of Co? forms a colored complex with dithiothreitol, which is
measured spectrophotometrically at 480 nm. Plasma albumin
levels were measured in a calibrated and well-controlled
autoanalyzer using the bromocresol green method (Architect
Plus C8000, Abbott, USA).

Statistical Analysis

Analysis of study data was carried out using MedCalc for
Windows, version 15.8. Data normality was examined with the
Kolmogorov-Smirnov test. Qualitative data were evaluated using
the chi-square test and quantitative data were tested utilizing
the Kruskal-Wallis and Mann-Whitney U tests. Correlations
were assessed using the Spearman test. Values of p<0.05 were
regarded as statistically significant.

Results

A total of 54 adult patients, including 30 (56%) males and 24
(44%) females with a mean age of 28.3+8.4 years (minimum-
maximum: 18-46 years), were included in this study. Of the 54
patients, 46 had homozygous sickle cell anemia (HbSS) and 8
had sickle/p-thalassemia (HbS/B*-thalassemia). We found that
plasma native thiol (-SH) and total thiol levels (-SH + -S-S-)
were significantly lower in SCD patients (respectively 284+86.3
umol/Land 313+89.3 umol/L) compared to controls (respectively
417+54.2 umol/L and 462+58.74 umol/L). However, plasma
disulfide (-S-S-) levels were lower in SCD patients compared to
controls (respectively 14.6+7.0 pmol/L and 22.7+11.3 pmol/L).
In addition, plasma IMA levels of SCD patients were higher
than those of controls (respectively 13.6+3.1 g/L and 8.4+1.6

g/L) (Table 1) and negatively correlated with plasma native thiol
(r=-0.730; p=0.0001) and total thiol (r=-0.729; p=0.0001)
(Table 2).

Although plasma albumin levels were within the normal
reference minimum-maximum (3.4-5.4 g/dL) in the healthy
controls and SCD patients, levels were found to be significantly
decreased in SCD patients. Albumin levels strongly correlated
with both plasma native (r=0.853, p=0.0001) and total thiols
(r=0.866, p=0.0001) (Table 2). However, after adjusting disulfide
levels according to the albumin concentrations, no significant
difference was observed between the patient and control groups.

Disulfide/native thiol ratios were not significantly different
between the two groups before or after correction for albumin
concentrations. Our study demonstrated that IMA levels
significantly increased in SCD patients compared to healthy
controls.

Discussion

There are no other reports in the literature investigating the
plasma IMA levels and thiol/disulfide balance in patients with
SCD. These findings provide a context for understanding the
role of the dynamic thiol/disulfide balance and its relation with
IMA, an indicator of oxidative stress, in SCD patients.

Our study demonstrated that IMA levels significantly increased
and serum native (-SH) and total thiol (-S-S- + -SH) levels
decreased in SCD patients. Plasma albumin levels were lower
in SCD patients and significantly correlated with plasma native
and total thiol levels. The disulfide (-S-S-) levels were lower
in SCD patients compared to healthy controls. However, there
was no significant difference observed between the study and
control groups after adjusting disulfide levels according to
albumin concentrations.

It is well known that the repeated polymerization of
deoxygenated HbS, under hypoxic conditions, causes hypoxia,
increased ROS, and impairment of oxidative balance in patients
with SCD [17]. In addition, decreasing antioxidant enzyme
activities (i.e. glutathione peroxidase, catalase, and superoxide
dismutase) and consumption of non-enzymatic antioxidants
(i.e. glutathione) exacerbate the oxidative damage [18,19].
It has been accepted that -SH groups of sulfur-containing
proteins are also related to the maintenance of oxidative
balance and play a critical role in the prevention of oxidative
stress [20]. Oxidation of free cysteine residues (-SH) leads
to reversible formation of disulfide bonds (-S-S) between
thiols and protein thiol groups and abnormal thiol/disulfide
hemostasis [6]. Therefore, dynamic thiol/disulfide homeostasis
is being increasingly implicated in many disorders associated
with ischemia.
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Table 1. Comparison of thiol/disulfide homeostasis parameters and ischemia-modified albumin levels of the study and control
groups.

SCD (n=54) Controls (n=30)
Variables Mean + SD Median (min; max) | Mean + SD Median (min; max)
Total thiol (umol/L) 313.0+89.3 308.6 (172.3; 620.6) | 462.0+58.7 465.4 (325.9; 578.5) 0.0001
Native thiol (umol/L) 284.0+86.3 275.2 (145.5; 589.2) | 417.0+54.2 414.6 (285.7; 498.5) 0.0001
Disulfide (umol/L) 14.6+7.0 14.5(2.9; 31.9) 22.7+11.3 25.1 (4.3; 44.5) 0.0006
Adjusted total thiol (umol/g alb) 9.1+1.4 8.9 (7;14) 10.6+0.9 10.5 (9; 12) 0.0001
Adjusted native thiol (umol/g alb) 8.2+1.4 7.9 (6.0; 13.5) 9.6+0.9 9.7 (8; 11) 0.0001
Adjusted disulfide (umol/g alb) 0.4+0.2 0.4 (0; 1) 0.5+0.3 0.6 (0; 1) 0.0630
Disulfide/native thiol (%) 55+2.9 5(1.7; 10.1) 56+2.8 6.2 (1.1; 10.9) 0.8400
Albumin (g/L) 34.9+7.9 36.2 (15; 47) 43.5+3.1 43.8 (33; 48) 0.0001
IMA (g/L) 13.6+3.1 13.1 (10; 20) 8.4+1.6 8.4 (5.4;13) 0.0001
SD: Standard deviation, IMA: ischemia-modified albumin.

Table 2. Correlations among plasma ischemia-modified
albumin, albumin levels, and thiol/disulfide homeostasis
parameters in sickle cell disease patients.

Total thiol Native thiol Disulfide

(umol/L) (umol/L) (umol/L)

r p r p r p
IMA [g/dL] -0.7 | 0.0001 |-0.7 | 0.0001 | -0.2 | 0.2400

Albumin (umol/L) | 0.8

IMA: Ischemia-modified albumin.

0.0001 | 0.8 | 0.0001 | 0.3 |0.0660

Intracellular thiols mainly consist of reduced glutathione (GSH),
a low-molecular-weight thiol (LMWT) [21]. Intra-erythrocyte
GSH depletion has been shown in many studies and is linked to
increased oxidative stress in SCD patients [22,23,24,25,26,27].
Even though the exact mechanism remains to be elucidated,
erythrocyte GSH loss is attributed to a variety of factors
including increased GSH consumption, substrate availability (i.e.
NADPH), and dysfunctional GSH recycling [28]. In the present
study we evaluated plasma total thiols and dynamic thiol/
disulfide balance for the first time by a novel method described
by Erel and Neselioglu [7] in SCD patients.

We found significantly lower levels of plasma native and total
thiol levels in SCD patients compared to healthy controls
(Table 1). Plasma albumin levels were also strongly correlated
with both plasma native (r=0.853, p=0.0001) and total thiols
(r=0.866, p=0.0001) (Table 2). In a previous study, Ates et al.
[29] evaluated serum thiol levels in patients with chronic
kidney disease (CKD) and speculated that low serum native
and total thiol levels may have resulted from low serum
albumin concentration in the CKD patients. In contrast to
the intracellular environment, in plasma, total thiols are at
lower concentrations than cells and are mainly formed by
HSA-SH (~80%) and slightly formed by LMWTs (i.e. cysteine,
cysteinylglycine, gamma glutamylcysteine, glutathione, and
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homocysteine) [30]. Therefore, we can say that low plasma
native and total thiols may be attributed to the low albumin
levels in SCD patients. However, this significant difference
did not change between the study and control groups after
normalization of native and total thiol levels according
to albumin concentrations. This suggests that lower thiol
levels are related to SCD and cannot be explained simply by
depletion of albumin levels. Interestingly, for disulfide levels,
the difference between the two groups was nonsignificant
after normalization with albumin. This suggests that lower
disulfide levels (before adjusting for albumin) may be
explained by decreased albumin levels in the SCD group.
Two possible processes may contribute to this phenomenon.
First, HSA-SH, as the most abundant thiol in plasma, has an
antioxidant role due to its cysteine thiols, which react with
ROS [30]. In hypoxic conditions, oxidation of thiols with
oxidants leads mainly to sulfenic acid (HAS-SOH) formation,
which is an oxidized form of albumin. Sulfenic acid can form
reversible disulfides or, in the presence of excess oxidants,
it can be further oxidized to sulfinic (RSO,H) and sulfonic
acids (RSO,H), which are irreversible processes. These oxidized
forms of albumin have relatively short half-lives and are
swept from the circulation by liver cells [30,31]. We suggest
that native thiols may change into sulfenic acid forms of
albumin, rather than disulfide forms, and be picked up by the
liver continuously. Second, glutathione and other LMWTs are
necessary for the reduction of oxidized thiol groups. It has
been shown that they have relatively low concentrations both
in erythrocytes and plasma [30,32]. We can say that the low
availability of glutathione and other LMWTs can limit protein
mixed-disulfide formation.

IMA (or the albumin cobalt binding test) is used as a novel and
sensitive marker of ischemia and oxidative stress mainly for
myocardial infarction and various diseases related to ischemia,
including peripheral vascular disease, skeletal muscle ischemia,
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and diabetes mellitus [33,34,35,36]. SCD causes several harmful
conditions including sickling, vaso-occlusion, and ischemia-
reperfusion injury, which involve the generation of ROS and
impairment of oxidative balance. Many studies have shown
relationships between oxidative stress parameters and SCD
or other related complications such as acute chest syndrome
[37] and pulmonary hypertension [38]. In the present study
we showed for the first time that IMA levels were significantly
higher in SCD patients. Increased IMA levels can be explained by
increased ROS production in SCD patients. These data indicate
that increased oxidative stress and ROS production in SCD can
play a major role in decreased body thiol reserves and cause
increased IMA levels.

Study Limitations

The limitation of our study is that it is a cross-sectional study.
Further prospective studies are needed to compare the thiol
balance and IMA levels in patients with vaso-occlusive crises
and in the steady-state condition.

Conclusion

Our results support the idea that decreased plasma native
and total thiol levels are related to increased oxidative
stress. Impaired thiol balance plays an important role in the
pathogenesis of SCD. Disulfide levels are also important in
evaluating thiol hemostasis, but these levels should be adjusted
according to albumin concentrations because unadjusted
disulfide levels might give misleading results in patients with
low albumin levels. In addition, IMA levels are increased by
excessive ROS production and measuring IMA as a marker in
plasma samples provides an indirect and quick reflection of the
oxidative damage in SCD patients.
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M e

Objective: High-doses of melphalan treatment with autologous
stem cell transplantation in multiple myeloma (MM) remains a major
treatment modality in suitable patients. A minimal dose of 2x10%/kg
CD34+ cells is preferred to achieve engraftment. Some patients need
multiple leukapheresis procedures to achieve the necessary number
of CD34+ cells, but this can cause a high volume of stem cell product
that cannot be given in a single day. Whether or not the number of
infusion days affects engraftment has not been studied before. We
aimed to evaluate the impact of reinfusion of stem cells on multiple
days on engraftment results.

Materials and Methods: Demographic features, CD34+ cell doses,
neutrophil and platelet engraftment days, hospitalization days, and
number of infusion days of 149 autologous transplantations of 143
MM patients were evaluated retrospectively.

Results: The data of 143 MM patients who were transplanted were
analyzed retrospectively. Median age was 55+8.5 (range: 26-70) years
with a male/female ratio of 91/58. Hospitalization days for all patients
were 24+6 (range: 14-50) days. Mean CD34+ cell number was (7.5+5.3)
x10%/kg (range: 1.5-31x106/kg). CD34+ cells were reinfused in 1 day in
80.5% (n=120) of the patients, 2 days in 18.2% of the patients (n=27),
and 3 days in 1.3% of the patients (n=2). For 29 patients, reinfusion
was applied in more than 1 day because of the high volume of stem
cell product. We did not see any dimethyl sulfoxide toxicity, cardiac
arrhythmia, or volume overload complications. Hypertensive attacks
during infusion were easily controlled by furosemide treatment. In the
group with multiple infusions, the infused CD34+ cell numbers had a
mean of (4.8+2.8)x10%kg, and in the single infusion group the mean
was (8.1+5.5)x10%/kg. There were no statistical differences between
the two groups regarding platelet and neutrophil engraftment days
(p=0.850, r=0.820 and p=0.500, r=0.440). There was no statistical
difference between the two groups for hospitalization days (p=0.060,
r=0.050).

Amag: Multipl myelom (MM) hastalarinda yiiksek doz melfalan ve
otolog kék hiicre nakli fit hastalarda hala majoér tedavi modalitesidir.
Yeterli engrafman icin en az 2x10°/kg CD34+ hiicre dozu tercih edilir.
Bazi hastalar gerekli sayida CD34+ hiicre sayisina ulasmak icin ¢oklu
I6koferez prosediiriine ihtiyac duyarlar, fakat bu tek glinde verilemeyen
yiiksek miktarda kék hiicre iiriiniine neden olabilir. infiizyon giinii
sayisinin engrafmani etkileyip etkilemedigi daha dnce calisiimamistir.
Coklu giin kok hiicre reinflizyonunun engrafman sonuclarina etkisini
degerlendirmeyi amacladik.

Gere¢ ve Yontemler: Demografik ozellikler, CD34+ hiicre dozlar,
notrofil ve trombosit engrafman glinleri, hastanede yatis glinleri ile
143 MM hastasinin 149 otolog transplantasyonunun infiizyon giin
sayisi retrospektif olarak degerlendirildi.

Bulgular: Transplantasyon yapilan 143 MM hastasinin verileri
retrospektif olarak incelendi. Ortalama yas 55+8,5 idi (en dustik:
26 - en fazla: 70) ve erkek/kadin orani 91/58 idi. Tiim hastalar icin
hastanede kalis giinleri 24+6 giindi (en dusiik: 14 - en fazla: 50).
Ortalama CD34+ hiicre sayisi (7,5+5,3)x108/kg idi (en dusiik: 1,5
x10%kg - en ylksek: 31x10%kg). Hastalarin 9%80,5'inde (n=120)
tek glinde CD34+ hiicre reinfiizyon, hastalarin %18,2'sinde (n=27)
2 glinde CD34+ hiicre reinfiizyon ve hastalarin %1,3'tinde (n=2) 3
giinde CD34+ hiicre reinflizyon yapilmisti. Yirmi dokuz hastada yilksek
hacimde kok hiicre tirlinii olmasi nedeniyle 1 giinden fazla reinflizyon
uygulandi. Herhangi bir dimetil silfoksit toksisitesi, kardiyak aritmi
veya hacim yiikii komplikasyonlari gérmedik. infiizyon sirasinda
hipertansif ataklar furosemid tedavisi ile kolayca kontrol altina alindi.
CD34+ hiicre sayilari ortalama ¢oklu giin reinflizyonu yapilan grupta
(4,8+2,8)x10%/kg ve tek giin reinflizyon grubunda ise (8,1+5,5)x10%/
kg idi. iki grup arasinda trombosit ve nétrofil engrafman giinleri
acisindan istatistiksel olarak anlamh fark yoktu (p=0,850, r=0,820 ve
p=0,500, r=0,440). iki grup arasinda hastanede yatis giinleri agisindan
istatistiksel fark yoktu (p=0,060, r=0,050).
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Conclusion: In cases with a high volume of stem cell product to acquire
adequate stem cells, reinfusion can be safely applied across multiple
days without any delay in engraftment.

Keywords: Multiple myeloma, Autologous transplantation, Multiple
reinfusion days

Sonuc: Yeterli kok hiicre elde etmek igin yiliksek miktarda kok hiicre
toplanmasi durumunda, engrafmanda herhangi bir gecikme olmaksizin
reinflizyon coklu glinde guivenli bir sekilde uygulanabilir.

Anahtar Soézciikler: Multipl myelom, Otolog transplantasyon, Coklu
glin reinflizyon

Introduction

Multiple myeloma (MM) is a hematologic malignancy with
a median age at presentation of 60-65 years [1]. High-
dose melphalan therapy together with autologous stem cell
transplantation (ASCT) in MM remains a major treatment
modality in suitable patients [2]. Advanced age is a poor
prognostic factor in studies using conventional chemotherapy
even if the biological and clinical features in older MM patients
are the same as to those of younger patients [3,4]. This procedure
can be applied safely even in selected patients older than the age
of 65. The use of peripheral stem cells was found to accelerate
the speed of hematopoietic recovery, leading to a significant
decrease in mortality and morbidity. ASCT has been a part of
myeloma treatment in these patient groups [5,6,7]. Adequate
collection and application of enough CD34+ hematopoietic
stem cells are needed for successful transplantation. The
determination of a suitable minimum CD34+ cell dose for
MM patients aged 65 years and older is critical given that the
median age of diagnosis for MM is generally between 65 and
70 years of age and many of these patients may be transplant-
eligible [8]. In recent practice, a CD34+ dose of at least 2x10%/kg
is preferred for sufficient neutrophil and platelet engraftment,
and >5x10%/kg CD34+ was shown to be related to a shortened
time to platelet recovery [9,10].

The aim of our study was to examine the effect of CD34+
reinfusion on multiple days on engraftment results in MM
patients. We evaluated the demographic features, infused
CD34+ cell doses, neutrophil and platelet engraftment days,
hospitalization days, and number of infusion days in 149 ASCTs
of 143 MM patients retrospectively.

Materials and Methods

Between February 2009 and September 2017, 143 patients with
MM underwent ASCT at the Dokuz Eyliil University Hospital
Division of Hematology. Data were collected from the electronic
and patient files of the medical archives retrospectively. Baseline
patient characteristics are shown in Table 1. All patients were
suitable for ASCT therapy and had enough stem cell collection.
However, second ASCTs were planned for six patients due to
late relapse of the disease. All patients were informed about
the benefits and risks related to stem cell collection and
transplantation. The majority of the patients had one or two
lines of prior chemotherapy (range: 1-3) in the pre-ASCT period
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(vincristine, adriablastin, and dexamethasone [VAD] therapy;
bortezomib and dexamethasone therapy; or lenalidomide and
dexamethasone therapy).

Transplant details including mobilizing agents, CD34+ cell
doses, neutrophil and platelet engraftment days, hospitalization
days, and number of CD34+ reinfusion days were analyzed.
The data were examined according to the number of CD34+
cell reinfusion days. The neutrophil and platelet engraftment
days, hospitalization days, and collected CD34+ cell count of
the patients for whom CD34+ cells had been reinfused in one
day were compared to those of the patients for whom CD34+
cells been reinfused on multiple days. At the time of transplant,
only 11.4% (n=17) of patients had complete response (CR).
The majority (n=86, 57.6%) had achieved a very good partial
response (PR), while 28% (n=42) of the patients had reached
PR and 3% (n=4) had refractory or progressive disease. Second
autologous transplantations were planned for six patients
because of progressive disease.

Peripheral blood stem cells were collected in 1-4 apheresis
procedures (mean: 1.7), following mobilization regimens.
We used intravenous cyclophosphamide at 2.4 g/m? for one
day with mesna and granulocyte colony-stimulating factor

Table 1. Patients’ characteristics.

Patients 143 100
Age, years, median (range) 55 (26-70)

Sex (male/female) 91/58 61/39
Status at transplantation

CR 17 1.3
VGPR 86 57.7
PR 42 28
Progressive/refractory 4 3
Mobilization regimens

Cyclophosphamide/G-CSF 133 89.3
Plerixafor/G-CSF 9 6
G-CSF 7 4.7
Conditioning

Melphalan, 200 mg/m?2 124 83.2
Melphalan, 140 mg/m?2 25 16.8
Death 37 24.8
CR: Complete remission, VGPR: very good partial remission, PR: partial remission,
G-CSF: granulocyte colony-stimulating factor.
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(G-CSF, 5 ug/kg/day subcutaneously) in 133 patients (89.3%),
G-CSF alone in 7 patients (4.7%), and plerixafor plus G-CSF
in 9 patients (6%) for mobilization. Apheresis was initiated
when the CD34+ cells of peripheral blood samples increased
to >10 pL. Each sample was tested by flow cytometric analysis
for the proportion of cells expressing CD34. The minimum
goal CD34+ stem cell dose as a target for collection was
>2x10¢ CD34/kg for all autologous transplantations.

The regimen for conditioning consisted of melphalan for all
patients. Melphalan was given at a dose of 200 mg/m? for
124 patients (83.2%) and at a reduced dose of 140 mg/m?
for 25 patients (16.8%) due to reduced creatinine clearance
(<50 mL/min). Patients received G-CSF once a day starting on day
1 after the infusion of stem cells until the time of engraftment.

Statistical Analysis

Data were entered and analyzed using SPSS 21.0. Descriptive
statistics were used for baseline characteristics, transplant-
related factors, and posttransplant results. Differences in the
distribution of variables between patient subsets were analyzed
using the Pearson chi-square test/correlation test/t-test. All
statistical analyses were performed at a critical significance
level of 0.05, and p-values were reported.

Results

We analyzed 149 autologous transplantations of 143 MM
patients between February 2009 and September 2017
retrospectively. Mean age was 55+8.5 (range: 26-70) years
with a 91/58 M/F ratio. There were no significant differences
in platelet engraftment days, neutrophil engraftment days,

reinfusion days, hospitalization days, or infused CD34+ dose
with regards to sex distribution (Table 2).

Patients were separated into two age groups: those aged
younger than 60 years and those older. There was no significant
difference between the two groups in terms of platelet and
neutrophil engraftment days, multiple day reinfusion rate,
hospitalization days, or infused CD34+ cell dose (Table 3).

When we analyzed all patients, hospitalization days were 24+6
(range: 14-50). Mean CD34+ cell count was (7.5+5.3)x106/kg
(range: 1.5-31x108/kg). Platelet engraftment days were 13.9+3
(range: 9-30) and neutrophil engraftment days were 11.5+1.5
(range: 8-17).

Higher reinfused CD34+ cell doses were associated with
faster platelet and neutrophil engraftment (p=0.034 and p=
0.001). Hospitalization days decreased because of a better
transplantation outcome with the higher reinfused CD34+ cell
doses (p=0.001).

CD34+ cells were reinfused in one day in 80.5% of patients
(n=120), 2 days in 18.2% of patients (n=27), and 3 days in
1.3% of patients (n=2). For 29 patients, reinfusion was
performed on more than one day, because of the higher
volume of stem cell product and according to the tolerability
of the patients. However, reinfusion of peripheral blood
mononuclear cells cryopreserved with dimethyl sulfoxide
(DMSO) can be associated with toxic reactions. We know that
infusion of product containing more than 1 g/kg of DMSO per
day can lead to increased DMSO toxicity. As a result, the days
of reinfusion were determined according to the performance
status of our patients, the amount of product they had, and
the amount of DMSO contained in the products. There were

Table 2. Results in regards to sex distribution.

Patient number, n/% 91/61 58/39

Platelet engraftment days 14+3.4 14+3.6 0.700
Neutrophil engraftment days 1.7+1.6 11.3+1.3 0.150
Reinfusion days 1.2+0.4 1.1+0.4 0.330
Infused CD34+ dose (7.5+5.2)x10° CD34/kg (7.4+5.3)x10° CD34/kg 0.800
Hospitalization days 2445 24+6 0.530

Table 3. Results in regards to age (<60 years and >60 years).

Patient number, n/% 91/61 58/39

Platelet engraftment days 14+3.7 13.742.9 0.560
Neutrophil engraftment days 11.5+1.4 11.5+1.6 0.900
Reinfusion days 1.1+0.3 1.240.4 0.260
Infused CD34+ dose (7.7+5.3)x10° CD34/kg (7.145.2)x10° CD34/kg 0.500
Hospitalization days 24+6.4 23.5+4.7 0.310
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also statistical differences between the two groups in terms
of mobilization days. Mobilization days were found higher
in the multiple day infusion group than in the single day
infusion group (2.2 days vs. 1.6 days, p=0.0001). We did not
see any DMSO toxicity, cardiac arrhythmia, or volume overload
complications. Hypertensive crisis was easily controlled by
diuretic treatment at the during infusion. CD34+ cell levels
were a mean of (4.8+2.8)x10%/kg in the multiple day infusion
group and (8.2+5.5)x10%/kg in the single day infusion group.
The infused CD34+ cell count was found higher in the single
day infusion group than in the multiple day infusion group
(p=0.003). There were no statistical differences between the
two groups in the case of platelet and neutrophil engraftment
days (p=0.850, r=0.820 and p=0.500, r=0.420) or hospitalization
days (p=0.060, r=0.050) (Table 4).

Discussion

MM is a disease of the elderly. ASCT is an important treatment
modality in symptomatic myeloma patients. Treatment options
have expanded in the last decade with novel drugs, but ASCT
still maintains its place in the treatment of myeloma. We offer
the results of a retrospective analysis of MM patients with
autologous transplantation in our center in the last decade. The
median age was 55 years and there was male dominance in our
study. The median age was relatively young in our study, similar
to the study of O'Shea et al. [11].

Recent population-based studies have shown increasing use of
ASCT in elderly patients with MM [12]. However, different age
cut-off values of 60 years, 65 years, or 70 years were given that
estimate survival independently in different studies [13,14].

In our study, ASCT was planned for transplant-eligible
patients who had adequate stem cell collection. We mostly
applied cyclophosphamide and G-CSF as the mobilization
regimen. The target CD34+ stem cell dose for collection was
>2x10® CD34/kg for each autologous transplantation. The
mean CD34+ cell number was (7.5+5.3)x10%/kg in our study.
The mean platelet engraftment days were 13.9 and the mean
neutrophil engraftment days were 11.5 in our study. In other
studies, the median time to neutrophil engraftment and the
median time to platelet engraftment were reported as 9-14
days [15] and 13.5-25 days [16], respectively. The prior studies
used the total infused CD34+ cells as a predictor of neutrophil

and platelet engraftment. We also demonstrated a significant
correlation between the infused CD34+ cell dose and the
period to platelet engraftment and neutrophil engraftment
[17,18,19].

The collected stem cell product is mostly given as a single day
infusion, but in some situations, the product can be reinfused
on multiple days due to patient characteristics or concern about
complications related to higher volumes.

We chose multi-day reinfusion to overcome possible
volume overload in older patients. DMSO toxicity could
be another problem if the patient is given the infusion in
a single day. Patients requiring multiple days to collect an
adequate number of CD34+ cells may be at risk of exposure
to serious doses of DMSO. Davis et al. [20] suggested that
toxicities related to the infusion of cryopreserved cells are
related to the volumes of cryoprotectants, but our study did
not demonstrate a difference in toxicity with multiple day
infusions, like the study of Abdel-Razeq et al. [21]. We did not
see any other toxicity, such as cardiac arrhythmia or volume
overload complications. We also wondered about the effect
of multi-day infusion on engraftment. The effect of multi-
day infusion of stem cells on engraftment was evaluated in
the study of Abdel-Razeq et al. [21], as well. They showed
there was no effect on engraftment. However, that study
consisted of a heterogeneous group of patients with non-
Hodgkin lymphoma, Hodgkin lymphoma, and breast cancer,
and it did not include myeloma patients. There is no other
study evaluating the effect of multi-day stem cell infusion
on engraftment in the literature. If we consider all patients in
our study, there were no statistical differences between the
two groups (multiple reinfusion days and single reinfusion
day) regarding platelet and neutrophil engraftment days and
hospitalization days.

We also observed that multi-day infusion of stem cells due to
higher volumes was mostly done in patients older than 60 years.
The ages of these patients were between 26 and 70 years; 39%
of them were older than 60 years and 61% were younger than
60. On the other hand, the number of patients older than 65
years old was found to be 149%. In the Italian Group for Bone
Marrow Transplantation-Working Group study, age over 65 was
described as a poor mobilizing factor, like previous cytotoxic
chemotherapy, radiotherapy, bone marrow involvement, and

Table 4. Neutrophil and platelet engraftment days, hospitalization days, and infused CD34+ cell dose according to reinfusion days.

Multiple infusions group Single infusion group

Patient number, n/% 29/19.5 120/80.5

Platelet engraftment days 14.3+3.2 13.7+3.5 0.850
Neutrophil engraftment days 11.9+1.4 11.5+1.5 0.500
Infused CD34+ dose (4.8+2.8)x10° CD34/kg (7.145.2)x10° CD34/kg 0.003
Hospitalization days 26+7 23.5+5 0.060
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platelet count before mobilization [22]. We did not observe any
problem in the mobilization of myeloma patients regarding age.

In our study, we also compared findings between two age
groups (<60 years old, =60 years old). There were no significant
differencesin platelet engraftment days, neutrophil engraftment
days, reinfusion days, hospitalization days, or infused CD34+
doses in these two groups. However, Sanchez et al. [23] found
a significant difference in mean hospitalization days (18.6 days
in older versus 16.8 days in younger patients, p<0.01) and no
significant difference in hospital mortality between older and
younger patients.

Conclusion

In cases with high volumes of stem cell product to acquire
adequate amounts of stem cells, reinfusion can be safely applied
across multiple days without any delay in engraftment.
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Objective: Invasive fungal infections (IFls) are a significant cause
of morbidity and mortality among neutropenic patients undergoing
chemotherapy for acute myeloid leukemia (AML) and stem cell
transplantation. The aim of this study was to evaluate the real-life
impact of posaconazole prophylaxis.

Materials and Methods: Eighty-four adult patients were included
with AML under remission induction chemotherapy and posaconazole
prophylaxis. The 34 patients in the control group did not receive
primary antifungal prophylaxis. The period between June 2006 and
January 2009, when antifungal prophylaxis was not administered
(control group), was retrospectively compared to the period between
December 2010 and May 2012 when primary oral posaconazole
prophylaxis was administered in similar conditions (posaconazole
group) according to the use of antifungal agents for treatment,
breakthrough infections, galactomannan performance, and the
necessity for performing bronchoalveolar lavage (BAL) procedures.

Results: The two groups were compared according to the use of
antifungal agents; progression to a different antifungal agent was
found in 34/34 patients (100%) in the control group and in 9/84
patients (11%) in the posaconazole group (p<0.001). There were four
breakthrough IFls (4/84, 4.8%) in the posaconazole group and 34 IFls
in the control group (p<0.001). In addition, 15/34 patients (44%) in
the control group required BAL compared to 11/84 patients (13%)
in the posaconazole group (p<0.001). Posaconazole treatment was
discontinued within 7-14 days in 7/84 patients (8.3%) due to poor
oral compliance related to mucositis after chemotherapy.

Conclusion: Posaconazole appears to be effective and well-tolerated
protection against IFls for AML patients.

Keywords: Acute myeloid leukemia, Invasive fungal infections,
Antifungal prophylaxis, Posaconazole

Amac: invaziv fungal enfeksiyonlar (IFE) akut myeloid [6semili
(AML) ve kok hiicre nakli yapilan hastalarda nemli bir mortalite ve
morbidite nedenidir. Bu ¢alismanin amaci posakonazol profilaksisinin
gercek yasamdaki etkisini degerlendirmektir.

Gerec ve Yontemler: AML ve remisyon indiiksiyon kemoterapisi alan
ve posakonazol profilaksisi uygulanan 84 eriskin hasta ¢calismaya dahil
edildi. Kontrol grubunda primer antifungal profilaksi almayan 34
hasta dahil edildi. Haziran 2006 ile Ocak 2009 tarihleri arasi primer
oral posakonazol profilaksisi almayan (kontrol grubu) ile Aralik 2010
ile Mayis 2012 arasi primer oral posakonazol profilaksisi (posakonazol
grubu) uygulanan hastalari geriye doniik olarak; tedavi igin
antifungal ajan kullanimi, tedavi altinda (breakthrough) enfeksiyonlar,
galaktomannan performansi ve bronko-alveolar lavaj (BAL) gerekliligi
gibi benzer durumlar igin karsilastirdik.

Bulgular: iki grup antifungal ajan kullanimina gére karsilastirildiginda
farkli antifungal ajana gecis kontrol grubunda 34/34 (%100) idi
ve posakonazol grubunda bu oran 9/84 (%11) bulundu (p<0,001).
Posakonazol grubunda 4 tedavi altinda (breakthrough) IFE (4/84,
0%04,8) ve kontrol grubunda ise 34 iFE vardi (p<0,001). ilaveten kontrol
grubunda BAL gereken hasta 15/34 (%44) iken, posakonazol grubunda
BAL gerekliligi 11/84 (%13) bulundu (p<0,001). Posakonazol tedavisi
hastalarin 7/84'linde (%8,3) kemoterapi sonrasi mukozite bagl oral
alim bozuklugu nedeniyle 7-14 giin icinde kesilmisti.

Sonug: Posakonazol AMLi hastalarin invaziv fungal enfeksiyonlarina
karsi korumada etkili ve iyi tolere ediliyor gériinmektedir.

Anahtar Sozciikler: Akut myeloid 16semi, invaziv fungal enfeksiyonlar,
Antifungal profilaksi, Posaconazol
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Introduction

Invasive fungal infections (IFls) are a significant cause of
morbidity and mortality among neutropenic patients undergoing
chemotherapy for acute myeloid leukemia (AML) and stem cell
transplantation. Antifungal prophylaxis is an important aspect
of treatment because these infections are often difficult to
diagnose due to their lack of specific clinical features [1,2]. The
use of mold-specific prophylaxis has increased in recent years,
particularly in AML patients, because of the high mortality rate
of IFls [1,2,3]. Posaconazole has been recommended as the drug
of choice for AML patients undergoing induction chemotherapy
based on the results of randomized controlled trials [4,5,6,7,8].

The aim of this study was to evaluate the real-life impact
of posaconazole prophylaxis. Patients under posaconazole
prophylaxis who were followed from 2010 to 2012 were
compared with historical control patients without posaconazole
prophylaxis who were followed from 2006 to 2009 in similar
conditions according to the use of antifungal agents for
treatment, breakthrough infections, galactomannan (GM)
performance, and the requirement for bronchoalveolar lavage
(BAL) procedures.

Materials and Methods

A retrospective single-center study on primary prophylaxis with
posaconazole was conducted in the Department of Hematology
at the Uludag University Hospital, a tertiary care hospital with
900 beds accredited by the Joint Commission International.
Patients had to meet the following inclusion criteria to be
eligible for this study: 18 years or older age, AML diagnosis,
under remission induction or salvage chemotherapy, and under
treatment at the hospital between December 2010 and May
2012. There were no patients with myelodysplastic syndrome
(MDS) in either group. This retrospective study (humber 2012-
13/1; 19 June 2012) was approved by the local ethics committee
for data collection.

Eighty-four adult patients were included with AML under
remission induction chemotherapy and posaconazole
prophylaxis who were followed from December 2010 to May
2012. In accordance with the indications for high-risk episodes,
prophylactic treatment was started 24 h after the last day of
chemotherapy and continued until neutrophil levels recovered
to >0.5x10°/L. Posaconazole (200 mg, oral suspension) was
given orally three times daily. Thirty-four patients undergoing
remission induction chemotherapy for AML who were not under
posaconazole prophylaxis and who were followed from 2006 to
2009 were included as a control group. The control group did not
receive any antifungal prophylaxis. The posaconazole-treated
patients were compared with the control group according to
the use of antifungal treatment, breakthrough infections, GM
performance, and the need for BAL.
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In 2008, the Infectious Disease Society of America (IDSA)
recommended posaconazole for antifungal prophylaxis in
hematopoietic stem cell transplantation recipients with graft-
versus-host disease and for neutropenic patients with AML or
MDS [9]. The protocol for treating febrile neutropenia was based
on the clinical practice guidelines for the use of antimicrobial
agents in neutropenic patients with cancer that were introduced
by the IDSA in 2002 and updated in 2010.

According to the National Institute of Allergy and Infectious
Diseases Mycoses Study Group (EORTC/MSG) criteria, the clinical
decision to replace prophylaxis with intravenous antifungal
therapy was based in all cases on an individualized clinical
judgment. This decision took into account the patient's general
condition, the patient's signs and symptoms, the test results,
and the patient's treatment compliance. The incidence and
reason for early discontinuation of prophylaxis and the cause of
death were recorded in all applicable cases.

Aspergillus galactomannan tests (Platelia Aspergillus; Bio-Rad
Laboratories, Marnes-la-Coquette, France) were performed
for the BAL and bronchial lavage specimens according to the
manufacturer's instructions [10,11]. The patients were followed by
high-resolution pulmonary computerized tomography (CT), serum
GM, BAL, and BAL GM during the course of antifungal treatment
in our clinic to refine the overall treatment strategy. The levels of
GM in serum were measured twice a week for all of the patients.
The serum GM test results were available within 2 days and were
considered to be positive if the optical index was >0.7 in one
sample or >0.5 in two consecutive samples. The BAL results for GM
were considered to be positive if the BAL GM was >1.5.

A high-resolution pulmonary CT scan was performed between
days 5 and 7 of febrile neutropenia or in the case of clinical
deterioration.

These data were used to direct the treatment strategy and
guide preemptive antifungal therapy at the study center.
A multidisciplinary approach was used to make treatment
decisions; a hematologist, an infectious disease specialist, a
medical microbiologist, and a pulmonologist were consulted.
Special attention was given to clinical, radiographic, and
microbiological signs of infection; the duration of neutropenia;
and the antimicrobial therapy. There was no difference in the
daily diagnostic and therapeutic approaches and the physical
and environmental conditions during the entire period. There
were no HEPA filters or constructional changes in our inpatient
clinic in either period. If there was evidence of invasive fungal
disease, it was classified according to the 2008 revised EORTC/
MSG criteria as 'possible’, ‘probable’, or ‘proven’ IFI [12,13].

Breakthrough IFI was considered if IFl occurred four or more
days after the initiation of primary antifungal prophylaxis with
posaconazole [14].
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Statistical Analysis

Statistical analyses were performed with SPSS 20.0 for Windows
(IBM Corp., Armonk, NY, USA). The data are expressed as means
+ standard deviation and were compared as follows: continuous
variables were compared using the Mann-Whitney U test,
categorical variables were compared using the chi-square test,
and p<0.05 was considered significant. Data analyses were
performed using Fisher's exact test and chi-square analysis.

Results

The patients’ characteristics are summarized in Table
1. The average age, distribution of sex, medical history,
and underlying disease status were similar in the two
groups. In the posaconazole group, there were 84 patients
with AML. The median age of the patients was 49.5
years (min-max: 20-71) and 54% of the patients in the
posaconazole group were female. Of these 84 patients,
68 had received remission induction chemotherapy for
a newly diagnosed disease and 16 had received salvage
chemotherapy for relapsed disease. The median duration
of primary posaconazole prophylaxis was 28 days
(min-max: 7-60) in the posaconazole group and there was
no toxicity related to posaconazole treatment. Posaconazole
treatment was discontinued within 7-14 days in seven
of 84 patients (8.3%) due to poor oral compliance related
to mucositis after chemotherapy (Table 2). Two of these
patients developed IFls (1 possible, 1 probable). In addition
to that, two patients without mucositis were diagnosed
with breakthrough IFls (1 possible, 1 probable) during
posaconazole prophylaxis and their antifungal treatment was
changed. There was no breakthrough IFl in 75 patients who
completed posaconazole prophylaxis. Totally, there were four

breakthrough infections in the posaconazole prophylaxis
group (4/84, 4.8%). There were 28 possible and 6 probable
IFls in the control patients.

Antifungal therapy was given to seven of these patients. The
antifungal drugs used were conventional amphotericin B,
itraconazole, liposomal amphotericin B, voriconazole, and
fluconazole (Table 2). Serum GM positivity was detected in 5/84
patients (6%) in the posaconazole group and in 5/34 patients
(15%) in the control group (p=0.149). BAL GM positivity was
detected in 4/15 patients (27%) in the control group and in 6/11
patients (55%) in the posaconazole group (p=0.227). However,
15/34 patients (44%) required the BAL procedure in the control
group and 11/84 patients (13%) required this procedure in the
posaconazole group (p<0.001).

There was no mortality within 3 months of the completion of
chemotherapy cyclesamong the AML patients with posaconazole
prophylaxis. However, 18/34 patients (53%) in the control group
died within 3 months of completion of their chemotherapy
cycles. The 3-month mortality rate was significantly higher in
control group (p<0.001).

Discussion

Antifungal prophylaxis in hematology patients is important and
reduces the use of antifungal therapy for suspected or proven
IFls, total mortality, and fungal infection-related mortality and
minimizes the costs of management of either suspected or
proven IFls [15].

Thisstudy showed that antifungal prophylaxis with posaconazole
significantly reduced IFls and the need for antifungal treatment.
Several recent studies supported the finding that posaconazole

Table 1. Characteristics of the patients and controls.
Patient characteristics

| Control group

| Posaconazole group

Period June 2006-January 2009 | December 2010-May 2012

AML diagnosis 34 84

New diagnosis / Relapse 31 (91%)/3 (9%) 68 (819%)/16 (19%) p=0.274
Female [ Male 11/23 45/39 p=0.059
Age, median (min-max) 48.5 (24-79) 495 (20-71) p=0.863
Remission induction [ Salvage chemotherapy 31 (91%)/3 (9%) 68 (819%)/16 (19%) p=0.274
Discontinuation of prophylaxis - 9 (11%) -

Need for antifungal treatment 34/34 9/84 p<0.001
Duration of prophylaxis, days (min-max) - 28 (7-60) -
Duration of neutropenia, days (min-max) 17 (13-25) 20 (14-27) p=0.299
Empirical approach | Preemptive approach 17/17 5/4 p<0.001
IFI 34/34 4/84 p<0.001
Alive [ Exitus 16/18 84/0 p<0.001
Remission induction: 3+7 (idarubicin plus cytarabine), Salvage chemotherapy: etoposide-mitoxantrone-cytarabine.

AML: Acute myeloid leukemia, IFl: invasive fungal infection.
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Table 2. The clinical characteristics of seven patients with mucositis under posaconazole prophylaxis.

Patient | Age

Sex

Disease
status

GM

Clinic
status

Antifungal

treatment

Outcome

positivity

1 65 | M New diagnosis Serum: - Diarrhea, grade Conv. Amp-B Possible | Alive
AML (GM: ) -V (4 days)
Mucositis
2 44 |M New diagnosis | Serum: + Mucositis Conv. Amp-B - Alive
AML (GM: 1.26) | Diarrhea (11 days)
BAL -
(GM: 0.92)
3 61 | M New diagnosis | Serum: - Fever (continued) Conv. Amp-B - Alive
AML (GM: -) Extensive mucositis (8 days)
4 43 | F Relapsed Serum: - Fever (20 day) Fluconazole - Alive
AML (GM: -) Diarrhea (4 days)
Pleural effusion
S. hominis
5 59 | F New diagnosis Serum: + Diarrhea, grade Il Itraconazole (1 day) Probable | Alive
AML (GM: 1.42) Liposomal Amp-B (10 days)
BAL: + Voriconazole (10 days)
(GM: 2)
6 41 | M Relapsed Serum: - Diarrhea, grade IV - Fluconazole (16 days) - Alive
AML [GM: —)
7 27 | M New diagnosis Serum: - Mucositis - Fluconazole (14 days) - Alive
AML (GM: -)

AML: Acute myeloid leukemia, GM: galactomannan, BAL: bronchoalveolar lavage, IPA: invasive pulmonary aspergillosis, IFl: invasive fungal infection.

prophylaxis reduces the incidence of IFls and invasive aspergillus
in patients with AML/MDS or hematopoietic cell transplantation
recipients when tested against comparable antifungal agents
[16,17,18]. Prophylactic posaconazole was associated with
statistically significantly fewer febrile days, shorter duration
of hospitalization, and longer fungal-free survival; however,
overall and attributable mortality did not differ [19]. In a study
of 424 AML or MDS patients by Cho et al. [20], 140 received
posaconazole and 284 received fluconazole prophylaxis.
Fungal infection-free survival was significantly higher in the
posaconazole group (74.7% vs. 87.1%, p=0.028). Investigators
in Singapore created a network meta-analysis of randomized
controlled trials evaluating posaconazole, concluding that it
significantly reduced all-cause deaths compared to a fluconazole
and itraconazole solution [21].

In patients receiving mold-active systemic antifungal prophylaxis
with posaconazole, breakthrough IFls occurred in 7.5% of
patients [22]. Breakthrough infections are a major problem in
patients receiving long-term prophylaxis [23]. Hoenigl et al.
[24] proposed that GM testing is a useful diagnostic method
for diagnosing breakthrough invasive aspergillosis in patients
receiving mold-active prophylaxis and empirical therapy.
In the study by Auberger et al. [25], breakthrough IFls due
to non-Aspergillus species, especially Mucorales spp., were
noticed in a considerable proportion of patients at a high risk
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for IFls receiving posaconazole prophylaxis. Bose et al. [26]
reported that life-threatening Fusarium spp. infection may
occur in immunocompromised patients despite prophylactic
posaconazole.

It is assumed that azole-resistance could become a major
problem in the future. Hamprecht et al. reported the first
culture-proven case of invasive aspergillosis caused by azole-
resistant Aspergillus fumigatus in a patient with AML in
Germany, and this aspergillosis presented as a breakthrough
infection under posaconazole prophylaxis [15]. Data from
previous studies indicated that posaconazole is well tolerated,
even following long-term administration. Several studies have
shown that the most commonly reported adverse events were
fever, nausea, diarrhea, vomiting, and headache [1,4,27,28,29].
In our study, posaconazole was discontinued within 7-14 days
in 9/84 patients (11%) patients due to mucositis and diarrhea
after chemotherapy. In our experience, prophylactic antifungal
treatment is infrequently interrupted due to mucositis.
Girmenia et al. [30] reported that posaconazole suspension
might be used without the stringent need for monitoring
plasma posaconazole concentrations in patients without
diarrhea.

BAL GM has been recently explored as an additional method
to diagnose invasive pulmonary aspergillosis. In those studies,
the sensitivity of detection ranged from 57% to 88% and the
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specificity ranged from 87% to 95.8% [31]. In this study, there
was no difference for serum and BAL GM positivity between
the two groups. We found similar GM positivity within the
two groups. We think that the low number of patients in
the control group could be responsible for this result. On the
other hand, it was shown that prophylaxis with posaconazole
negatively affected GM test performance. It was shown that
the serum GM test was unreliable in asymptomatic patients
under anti-mold prophylaxis [32,33,34]. Previous exposure to
antifungal agents should be considered when interpreting GM
results.

Study Limitations

The present study has some limitations. First, it is a retrospective
study. Second, our control group was historical with a small
sample size of controls, which was not matched numerically
with the posaconazole prophylaxis group even at the minimum
required optimal ratio of 1:1 to ensure reliable statistical
analysis. Third, we did not measure plasma posaconazole levels.
Finally, our study is a single-center study. In spite of these
limitations of our study, we think that our results demonstrate
the advantage of posaconazole prophylaxis in a real-life
setting.

Conclusion

This study showed that antifungal prophylaxis with a second-
generation azole (posaconazole) can significantly reduce the
need for antifungal treatment without the risk of increasing
the rate of adverse events.
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M e

Chronic basophilic leukemia (CBL) is an extremely rare type of
leukemia. A literature review revealed six cases reported as primary
CBL and five patients with secondary CBL. Patients with primary
CBL may present with symptoms not related to leukemia. Dysplastic
changes in peripheral blood and bone marrow were described and
demonstrated in cases of primary and secondary CBL. The literature
review also revealed that differential counts made by automated
blood cell counters may not characterize cells as basophils in patients
with primary and secondary CBL and may mislead physicians in
making a differential diagnosis. For these reasons, laboratory studies
for the diagnosis of CBL are required, including metachromatic
staining by toluidine blue and antigen expressions by flow cytometric
analysis, to detect the nature of the neoplastic cells as basophils for a
reliable diagnosis of CBL. The literature review failed to reveal specific
cytogenetic findings in patients with primary and secondary types of
CBL.

Keywords: Myelodysplastic syndrome, Dysplasia, Interleukin-6,
Chronic myeloid leukemia, Chronic basophilic leukemia, Mast cell
leukemia

Kronik bazofilik 16semi (KBL) son derece nadir bir losemi tipidir.
Literatiirlin gozden gecirilmesi ile primer KBL olarak alti olgu ve
sekonder KBL olarak bes olgu rapor edildigi gordldi. Primer KBL'li
hastalar, 16semi ile ilgili olmayan yakinmalar ile basvurabilirler. Primer
ve sekonder KBL hastalarinin periferal kan ve kemik iligi yaymalarinda
anormal degisiklikler tamimlandi ve gdsterildi. Literatiir taramasi,
primer ve sekonder KBL hastalarinda otomatik kan hiicre sayicilar
tarafindan yapilan ayirici sayimlarin hiicreleri bazofil olarak karakterize
edemeyecegini ve doktorlari ayirici tanida yaniltabilecedini ortaya
koymustur. Bu nedenle glivenilir bir KBL tanisi icin neoplastik hiicre
tlrlnilin bazofil olarak saptanmasi, toluidine mavisi ile metakromatik
boyanmayl ve membranlarindaki antijen ekspresyonlarini akim
sitometrik analizi ile yapan kanitlayici laboratuvar incelemelerini
gerektirir. Literatlirlin gozden gecirilmesi primer ve sekonder KBL
hastalarinda 6zel sitogenetik bulgular olmadigini gdstermistir.

Anahtar Sozciikler: Myelodisplastik sendrom, Displazi, Interleukin-6,
Kronik myeloid l16semi, Kronik bazofilik 16semi, Mast hiicre |6semi

Introduction

Basophils are one of the members of granulocytes in the myeloid
lineage and are formed by proliferation and differentiation of
committed myeloid progenitors. Basophils in peripheral blood (PB)
or tissues range in size from 10 to 15 pm and have nuclei that are
purplish or dark blue and cytoplasmic granules of dark blue to purple
and even blackish color as seen on Wright-stained PB and bone
marrow (BM) smears [1]. A review of the international literature
revealed 6 cases reported as primary chronic basophilic leukemia
(CBL) [2,3,4] and 5 cases reported as chronic myeloid leukemia
(CML) with transformation to CBL, as a secondary CBL [5,6,7,8,9].
The purpose of this review is to remind readers of the importance
of diagnostic problems as automated blood cell counters (ABCCs)
may not characterize cells as basophils in patients with primary
and secondary CBL, but may simply flag them [3,4,9]. The literature

review failed to reveal lymphoma or non-hematologic neoplasia
with transformation to secondary CBL.

Age and sex distribution, splenic size, presenting symptoms, results
of complete blood counts, and cytogenetic and molecular studies
in patients with primary and secondary CBL are shown in Table 1
and Table 2, respectively.

Presenting Symptoms

Presenting symptoms may not be related to leukemia, as in Case #6
with primary CBL (Table 1). The patient presented with recurrent
occurrence of febrile episodes and abdominal pain at about
8-week intervals, associated with simultaneous cyclic oscillation
in neutrophil leukocyte counts and in the levels of C-reactive
protein (CRP) when leukocyte counts climbed to the peak level
and remained with the consumption of analgesics-antipyretics in
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Table 1. Characteristics of chronic and accelerated phases of primary chronic basophilic leukemia patients [2,3,4,5].

Characteristics

Case 1

Case 2

Case 3

Case 5

Case 7

(Accelerated

phase of Case 6)

Age/Sex 30/Male 67/Male 52/Male 32/Male 81/Male 68/Female At the age of 73
Presenting Polyurea, Progressive | Progressive Progressive fatigue Decrease Febrile episodes Febrile episodes
symptoms Diabetes fatigue, fatigue, in appetite, occuring with when basophil
insipidus, Severe motor | EPigastric pain, Weight loss | 8-week intervals | count >40x10°/L
Polydisplasia, neuropathy Pruritis with abdominal with abdominal
Pituitary urticaria, pain, Weight loss | pain
lesion Weight loss
Splenomegaly Absent Marked Absent Marked 3-4cm Absent 4cm
Hemoglobin (g/dL) 1.1 12.6 13.2 9.1 10.5 11.2 5.7-7.1
WBC (x10%/L) 9.9 9.3 52.0 47.5 50.0 59.1 59-315
Platelet (x10°/L) 200 319 227 240 874 226 134-41
BM blast (%) 7 2 8 5 NR <1 6
BM basophil (%) 15 26 20 NR 40 75 51
BM eosinophil (%) |3 3 6 6 15 8.5 13
BM dysplasia Atypical Atypical Atypical Dysmegakaryopoiesis | See text See text See text
mega- mega- mega-
karyocytic karyocytic karyocytic
hyperplasia | hyperplasia | hyperplasia
PB basophil (%) NR NR NR NR 38 70 54-65
PB dysplasia NR NR NR NR See text See text See text
Toluidine blue NP NP NP NP NP Positive Positive
Antigen NP NP NP NP CD11a, CD11b, | CD10 (dim), CD10 (dim), CD11¢
expression by flow CD13,CD18, |CD11c (dim), (dim), CD13, CD15,
cytometry CD33, CD45, |CD13, CD15, CD22 (dim), CD25,
CD123 CD22 (dim), CD25, | CD33, CD38,
CD33, CD38, CD45, CD123,
CD45, CD123, MPO, IgDR, CD117
MPO, IgDR
Cytogenetic +8, 11g- -7, -7/-4 46, XY 46, XY 46, XY, t(5;12) | 47, XX, der(6) 47, XX, der(6)
findings (q31;p13) t(6;2)(q25-27;7) | t(6;7)(q25-27;7)
+mar(16) der(17) t(17;?)
(p13;?) +mar(16)
Molecular genetic | - - - - Absence of IL-6 gene Heterozygote
studies JAK2, (V617F) | expression substitution
mutation, in neoplastic of C1650A>T
BCR/ABL basophils and (K550N) on exon
rearrange- absence of 1, wild type
ment by PCR | JAK2 mutation sequence on exons
detected by real |9, 13, 17. Absence
time PCR of PIF1L1-PDGFRA
rearrangement
IL-6 (pg/mL) NP NP NP NP NP 15.8 38.5
Tryptase (ug/L) NP NP NP NP NP NP 42.9-51.2
Treatments ALLO-SCT Hydroxyurea |Imatinib ALLO-HSCT Hydroxyurea | Hydroxyurea Hydroxyurea,
prednisone Imatinib,
Etoposide,
Leukapheresis,
Prednisone CTX,
RBC transfusion
Follow-up 35, alive 48, dead 2, alive 10, dead 9, dead >50, alive 5, dead
(months)

CBL: Chronic basophilic leukemia, WBC: white blood cells, BM: bone marrow, PB: peripheral blood, NR: not recorded, NP: not performed, IL-6: interleukine-6, ALLO-SCT: allogeneic-
human stem cell transplantation, RBC: red blood cells, PCR: polymerase chain reaction.
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2 h. Physicians were misled in making a differential diagnosis of
familial Mediterranean fever because they relied on differential
counts made by ABCCs [4]. However, manual differential counts
made on PBsmearsduring a febrile episode revealed that the ABCCs
wrongly characterized 70% of basophils as neutrophils; this was
confirmed by toluidine blue stain and antigen expression by flow
cytometric analysis. Marked elevation in plasma interleukin-6 (IL-
6) level of 15.8 pg/mL (normal: <5.8 pg/mL) was detected during
the febrile episode. Real-time polymerase chain reaction showed
IL-6 gene expression in neoplastic basophils, revealing that IL-6
was released from neoplastic basophils infiltrating the BM [4]
(Table 1). IL-6 production and release by normal human basophils
has not been reported in the literature [10].

Values of PB and BM Basophil Percentages in the Diagnosis of CBL

As shown in Tables 1 and 2, BM basophil percentages of 15%,
26%, and 20% in 3 of 4 patients with primary CBL were reported
by Pardanani et al. [2]. These values are almost equal to the
BM basophil percentage of >20% in 11% of 25 patients in the
accelerated phase of CML reported by Kantarjian et al. [11] and
also BM basophil percents greater than 1% (range 1 to 27%) in
34 cases and median 19% (range 14 to 27%) in 6 patients (in 4
of whom toluidine blue staining was positive) were reported by
Hoyle et al. [12] in their series of 750 patients with acute myeloid
leukemia. However, the BM basophil percentages in patients
reported by Pardanani et al. [2] were markedly lower compared
to the BM basophil percentages (40%,75%) of two patients in the
chronic phase [3,4] and the value recorded (51%) in a patient in
the accelerated phase of primary CBL [5] (Table 1). BM basophil
percentages of 55%, 51.4%), 63%, 72%, and 66% in six patients with
secondary CBL were also respectively recorded (Table 2) [6,7,8,9].

Dysplastic Changes in Primary CBL

In Case #5, a patient with primary CBL, dysplasia in the PB smear
included hypogranular basophils with small and fine granulations
and nuclear hyperlobation. In the BM smear, an increase in
cellularity and megakaryocytes and hypogranular, agranular,
and hypersegmented forms of basophils and eosinophils with
coarse granulations and nuclear hyperlobation in addition to
megakaryocytes with many small and hypolobated forms were
reported [3].

In Case #6, a patient with primary CBL in the chronic phase,
dysplasia appeared as basophils with coarse basophilic granules,
occasionally hypersegmented or giant segmented, and band forms
of basophils in PB smear [4].

In the BM smear, an increase in cellularity, megakaryocytes,
eosinophils, and prominent basophilic hyperplasia with the
presence of all stages of maturation that resulted in marked
neutrophilic suppression and mild suppression in erythroid
lineages were noted. Three-lineage dysplasia manifested
as hyposegmented basophils, giant segmented bands, and
metamyelocyte forms of basophils and hypogranular basophilic
metamyelocytes were noted. Dysplasia seen in eosinophils
included binuclear metamyelocyte and myelocyte forms of

eosinophils and large eosinophilic myelocytes. Occasional
binuclear (Figure 1A) and multinuclear red cell precursors
were also noticed. In addition, binuclear agranular immature
megakaryocytes, mononuclear giant forms of megakaryocytes,
and megakaryocytes with nuclear hyperlobation were observed.
Toluidine blue stain showed red (metachromatic) granular
staining in about 75% of non-erythroid granular cells in the
marrow fields (Figure 1B).

Dysplastic Changes in the Accelerated Phase of Primary CBL

Clinical and hematologic features of the accelerated phase of
primary CBL were only observed by Cehreli et al. [5] in their
patient in the chronic phase of primary CBL (Case #6) after
53 months of hematologic remission; this is shown as Case #7
in Table 1. She presented with symptoms of anemia and was
found to have relapse of her CBL and development of systemic
mastocytosis (SM) as a secondary neoplasia. Three months
later, the patient showed a rapid downhill clinical course when
transformation of primary CBL to the accelerated phase with
simultaneous occurrence of mast cell leukemia (MCL) was
detected [5]. She experienced febrile episodes with abdominal
pain during the accelerated phase of primary CBL with MCL.
Although mast cells and eosinophils were shown to produce
IL-6 [10], no febrile episodes were observed despite increases
in mast cell (MC) counts to 3x10°/L and eosinophil counts to
5.3x10°/L unless her basophil counts climbed to >40x10°/L when
prominent elevation in IL-6 level (38.5 pg/mL) was found. In
a Wright-stained BM smear, basophilic hyperplasia with the
presence of all stages of maturation that resulted in marked
suppression in neutrophilic and erythroid lineages in addition to
aggregates of MCs with a new and undefined MC morphology
were demonstrated. MCs have round or oval nuclei, one or more
nucleoli in immature forms, and mixed orange and dark purplish
to black round cytoplasmic granules (Figure 2A). Tryptase
immunohistochemical staining of the PB smear showed round,
brown, granular cytoplasmic staining in the aggregates of the
cells, confirming that these cells demonstrated tryptase activity
and represented MCs (Figure 2B), because B-tryptase is a natural
serine protease and is the most abundant mediator stored in the
granules of MCs [13]. Three-lineage dysplasia manifested as giant
hypersegmented basophils, giant binuclear metamyelocytes,
binuclear hypogranular basophilic metamyelocytes, binuclear
erythroblasts, and Pelger-Hiiet anomalies were noted.
Additionally, marked pyknosis, manifested as a decrease in both
cellular and nuclear sizes, resulted in dense chromatin clumping,
inducing a nuclear appearance that resembled a chromatin mass.
Pyknotic myelocytes, metamyelocytes, binuclear basophilic
metamyelocytes, and drum stick-like nuclear sticks in both
pyknotic eosinophils and basophils were observed (Figure 2A).
Dysplastic changes in the megakaryocytic lineage were similar
to those seen in the chronic phase of the patient [4].

Marked pyknotic changes in the accelerated phase of primary CBL
[5] have not been reported in patients with the chronic phase of
primary CBL [3,4] as well as in patients with the accelerated [5,7,8]
and chronic phase [9] of secondary CBL in the literature.
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Table 2. Characteristics of secondary chronic basophilic leukemia patients reported in the literature [6,7,8,9].

Characteristics

Case 1

Age/Sex 45/Male 57/Female 61/Male 49/Male 45/Male

Phase of CBL Accelerated Accelerated Accelerated Accelerated Chronic

Presenting symptoms | Fatigue, Tiredness, Fatigue, Weakness, Fatigue,

Gas, Weight loss, Productive cough Myalgia, Weight loss
Fullness Abdominal pain, Intermittent fever
Night sweats

Splenomegaly Massive Massive Massive NR 3-4cm

Hemoglobin (g/dL) 7.7 7.7 6.7 9.1 5.1

WBC (x10°/L) 223 190 175 42 173

Platelet (x10°/L) 16 162 NR 12 NR

BM blasts (%) 1 5.8 NR 7 9

BM basophils (%) 55.2 51.4 63 72 66

BM eosinophils (%) 2 5 NR NR 8

BM dysplasia NR NR NR Large basophilic granules | See text

BM cellularity and Hypercellular, | Hypercellular, Increased, 90-1000%, Hypercellular

findings BDSM BDSM BDSM BDSM

PB basophils (%) 75 71 NR 90 40

PB dysplasia NR NR NR NR NR

Toluidine blue NP NP Metachromatic staining Metachromatic staining NP

Antigen expression by | NP NP NP NP CD11b, CD13, CD33, CD34,

flow cytometry CD117, CD123, HLA.DR,

CD45, CD7 (aberrant)

Cytogenetic findings | Insufficient Insufficient [46, XY, t(8;21), t(9;22)/48, | Diagnosis CML Ph' t(9;22), | 46, XY, t(9;22)

analysis analysis XY, +8, t(8;21), t(9;22) Diagnosis of CBL, extra
+Ph'[49, XY, +8, t(8;21), chromosomes (8, 10, 17, X)
t(9;22), 9g+, +Ph]

Interval between CML | 12 31 4.5 48 -

and CBL (months)

Treatments Busulfan, Busulfan, Hydroxyurea, +3 cycles ALLO-HSCT Resistant to Gleevec,
Supportive Splenic CHOP aggressive treatment
care irradiation,

Supportive care

Follow-up (months) 3, dead 1, dead 4, dead Died after ALLO-HSCT NR

CBL: Chronic basophilic leukemia, WBC: white blood cells, BM: bone marrow, PB: peripheral blood, NR: not recorded, NP: not performed, ALLO-HSCT: allogeneic-human stem cell

transplantation, BDSM: basophils at different stages of maturation, CHOP: cyclophosphamide, doxorubicin, vincristine, and prednisone.

Dysplastic Changes in the Chronic and Accelerated Phases of
Secondary CBL

Confirmatory Laboratory Studies

Both basophils and MCs have electron-dense cytoplasmic granules
and produce numerous mediators such as histamine common to
both cells. They also both show metachromatic staining with
basic dyes, toluidine blue, and Alcian blue [1]. Toluidine blue stain
showed a red (metachromatic) granular cytoplasmic staining in
both basophils and MCs (Figure 1B) [4,5,14,15]. Peroxidase stain
showed black granular cytoplasmic staining in basophils, but MCs
do not contain myeloperoxidase and showed negative activity
by peroxidase stain (Figure 2C) [16]. Flow cytometric analysis of
mononuclear cells (MNCs) of the BM using monoclonal antibodies
against the following antigens in Cases #6 and #7 showed that
antigen expressions were positive for CD10 (dim), CD11¢ (dim),
CD13, CD15, CD22 (dim), CD25, CD33, CD38, CD45, CD123,

Case #5 in Table 2 was the only patient in the chronic phase of
secondary CBL presenting with dysplasia. Diagnosis of CML may
possibly be made when transformation of CML to CBL occurs; in
this case, the patient had marked basophilia with the presence of
40% and 66% basophils in PB and BM, respectively, and antigen
expressions by flow cytometric analysis revealed the nature of
cells as basophils. Dysplasia included cytoplasmic hypogranulation
or agranulation and nuclear hypersegmentation, eosinophils
with abnormal granulation and nuclear hyperlobation, and
dyserythropoiesis [9]. No dysplastic findings have been reported in
patients in the accelerated phase of secondary CBL [6,7,8] (Table 2).
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immunoglobulin D (IgD) receptor, and myeloperoxidase and
negative for HLA-DR, CD7, CD34, CD71, and CD117 with aberrant
expression of CD10 [17,18], thus revealing that the neoplastic cells
were basophils.

Expression of the IgD receptor on normal basophils was
demonstrated by Chen and Cerutti [19] and was also shown on
neoplastic basophils by Cehreli et al. [4,5].

Importance of Confirmatory Laboratory Studies for the Diagnosis
of CBL

Tang et al. [3] and Vaidya et al. [9] reported that automated
hematology analyzers did not characterize cells as basophils,
but simply flagged them. Flow cytometric immunophenotyping
became particularly important in confirming the nature of cells
as basophils [9]. Cehreli et al. [4,5] reported that ABCCs, even
with advanced technology, wrongly characterized basophils as
neutrophils, misleading physicians in making differential diagnosis
when the physicians relied on differential counts made by ABCCs.
These reported observations suggest that manual differential
counts should be seen before making a decision for diagnosis and
also confirmed by metachromatic staining with toluidine blue stain
in PB or BM smears and antigen expressions by flow cytometric
analysis in BM MNCs to make an accurate diagnosis of CBL. The
authors also proposed that neoplastic basophils with coarse, dark
purple basophilic granules as demonstrated in Figure 1A may
possibly mimic neutrophils with toxic granules [5]. Neutrophils
usually contain light purplish-blue fine granules on Wright-stained
PB smears (Figure 1A). Interestingly, in 1932, Kugel and Rosenthal
[20] found that during bacterial infections fine neutrophilic
granules are replaced by large, dark, irregular basophilic granules,
which are called toxic granules, compared to the fine granules of
the neutrophils.

Oscillation in Leukocyte Counts

Similar to cyclic oscillations in leukocyte (neutrophil) counts
reported in patients with CML [21,22], cyclic oscillations in basophil
counts with simultaneous elevations in CRP levels and association
with febrile episodes were only demonstrated by Cehreli et al. [5]
in patients with primary CBL [4], but not reported in patients with
primary [3] and secondary CBL [6,7,8,9].

Literature findings reveal that the diagnosis of CBL is mainly based
on basophil morphology and increase in PB and BM basophil
percentages. The literature also suggests that higher BM and
PB basophil percentages are required to establish a satisfactory
morphologic diagnosis of CBL. Based on the reported literature
findings [2,3,4,5,6,7,8,9], diagnostic criteria for CBL as shown in
Table 3 can be proposed.

Differential Diagnosis

The presence of an increase in megakaryocytes with atypical
megakaryocytic hyperplasia and BM basophil percentages of
less than 40% in 3 of four patients (Cases #1-3), the absence
of diagnostic confirmatory laboratory studies (Table 1), and an
abnormal pattern of perivascular atypical MC infiltration detected
by tryptase immunohistochemical staining (Cases #2 and #4)
suggesting concurrent MC disease were reported as primary CBL by
Pardanani et al. [2]. These findings created diagnostic problems in
classifying the cases as primary CBL as described by Pardanani et al.
[2] because according to the proposed diagnostic criteria for CBL
(Table 3) BM basophil percentages were less than >400%, increased
megakaryocytes with dysplasia have been described in patients with
essential thrombocythemia and chronic idiopathic myelofibrosis
[23], and presence of abnormal pattern of perivascular atypical MC
infiltration detected by tryptase immunohistochemical staining in
the BM biopsy is one of the diagnostic criteria for SM [24].

Figure 1. A) Showing hyposegmented basophils (1, 2, 6), binuclear erythroblast (3), giant forms of basophilic bands (4, 5), large
eosinophilic myelocyte (7), erythroblast with dysplastic nucleus (8), giant basophilic hypogranular metamyelocyte (9), giant binuclear
basophilic metamyelocyte (10), basophilic myelocyte (11), neutrophilic band (12), segmented neutrophil (13) in chronic phase of primary
chronic basophilic leukemia (Wright's stain, 100%); B) Demonstrating red color (metachromatic) granular cytoplasmic staining in 70%

nucleated cells of the bone marrow (toluidine blue stain, 100%).
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Dysplastic changes described in two patients in the chronic phase
of primary CBL [3,4] and in a patient in the accelerated phase of
primary CBL [5] (Table 1) in addition to a patient in the chronic
phase of secondary CBL [9] (Table 2) were not specific for CBL and
have been described in patients with myelodysplastic syndrome
(MDS) [25,26]. In MDS, dysplastic changes are accompanied by
specific cytogenetic abnormalities [25], whereas cytogenetic studies
specific for primary and secondary CBL have not been reported in
the literature [2,3,4,5,6,7,8,9]. Additionally, laboratory studies with
metachromatic staining by toluidine blue stain in both primary and
secondary CBL [4,5,7,8] and antigen expressions detected by flow
cytometric analysis in both primary and secondary CBL [3,4,5,9]
are confirmatory for diagnosis of CBL (Tables 1 and 2), but have
no diagnostic value in patients with MDS [25,26]. Patients in the
chronic and accelerated phases of CML associated with both PB

Table 3. Proposed diagnostic criteria for chronic basophilic
leukemia.

| Diagnostic criteria

CBL - Hypercellularity of bone marrow,

- Increase in megakaryocytes,

- Eosinophilia,

- Blasts <109%,

- BM and PB basophils >400%,

- Prominent basophilic hyperplasia with presence
of all stages of maturation that result in moderate
to marked suppression in neutrophilic lineage

Primary CBL
Secondary CBL

No previous hematologic neoplasia

Known previous hematologic neoplasia

CBL: Chronic basophilic leukemia, BM: bone marrow, PB: peripheral blood.

Figure 2. A) Demonstrating hypersegmented basophil (1), basophilic myelocyte (2), giant binuclear basophilic metamyelocyte (3),
pyknotic eosinophil and basophil with drum-stick like nuclear sticks (4, 10), normal basophilic metamyelocyte (6), pyknotic myelocyte,
metamyelocytes, binuclear basophilic metamyelocyte and basophilic myelocyte (5, 7, 11, 12, 16), agranular and hypogranular
metamyelocyte (8, 9), binuclear hypogranular metamyelocyte (13), basophilic myelocyte (14), Pelger-Hiiet anomaly (15) and aggregates
of mast cells having mixed orange and dark purplish to black color round cytoplasmic granules (17) in accelerated phase of primary
chronic basophilic leukemia with mast cell leukemia (Wright's stain, 100%); B) Showing tryptase activity in the round, brown color
of cytoplasmic granules of mast cells demonstrated by immunohistochemical staining for tryptase. (tryptase immunohistochemical
staining, 100%); C) Demonstrating black granular cytoplasmic staining by peroxidase stain in myeloperoxidase-positive basophils and
absence of staining in aggregates of cells representing myeloperoxidase-negative mast cells in the bone marrow (peroxidase stain, 100x).
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and BM basophil percentages of >40% [6,7,8,9], patients with
autoinflammatory diseases manifesting with recurrent attacks
of fever and abdominal pain [27] and additionaly, chronic
myeloproliferative disorders [28], mastocytosis variants [29],
Castleman's disease [30] and the possibility of underlying CBL [4,5]
should be considered in the differential diagnosis in the patients
presented with progressive leukocytosis associated with eosinophilia
and elevations in IL-6 and CRP levels.

Conclusion

ABCCs may not characterize cells as basophils in patients with
primary and secondary CBL [3,4,5,9] and may mislead physicians in
making a differential diagnosis [4]. The new generation of blood cell
counters could be designed to contain toluidine blue stain for the
detection of neoplastic basophils, and MCs with atypical or new MC
morphology will be beneficial in leading physicians to make a reliable
differential diagnosis, like ABCCs containing methylene blue stain for
reticulocyte counts. Diagnosis, treatment, and follow-up should be
performed with the guidance of manual differential counts in cases
of primary and secondary CBL. The frequency and type of dysplastic
changes [3,4] observed, especially during the accelerated phase of
primary CBL [5] (Figures 1 and 2), are comparable to those seen
in patients with MDS and may create problems in the differential
diagnosis of MDS [25,26].
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Objective: We aimed to find the incidence and risk factors of
hematologic adverse effects of piperacillin-tazobactam (TZP).

Materials and Methods: Adult patients who used TZP for more than
10 days were included in the study.

Results: The incidence of leukopenia, neutropenia, and eosinophilia
in 110 TZP therapy episodes was found to be 16.3%, 10%, and 10%,
respectively. Lower Charlson Comorbidity Index score, lower initial
leukocyte count, combination of TZP with another antibiotic, and total
duration of TZP therapy were found to be independent risk factors for
leukopenia, while initial higher eosinophil count (IHEC) and usage of
TZP for >20 days were independent risk factors for neutropenia and
IHEC and total duration of TZP therapy were independent risk factors
for eosinophilia.

Conclusion: Longer duration of therapy, combination with other
antibiotics, younger age with fewer comorbidities, and IHEC could
result in hematologic adverse effects in patients treated with TZP.
Patients with IHEC may be more prone to allergic reactions, so
immunological mechanisms may facilitate the development of
hematological adverse effects of TZP.

Keywords: Neutropenia, Leukopenia, Eosinophilia, Piperacillin-
tazobactam, Adverse effects

Amag: Piperasilin-tazobaktamin (TZP) hematolojik istenmeyen etki
insidansini ve risk faktorlerini bulmayi amacladik.

Gere¢ ve Yontemler: On giinden uzun siire TZP kullanan eriskin
hastalar calismaya dahil edildi.

Bulgular: Yiiz on tedavi epizodunda I6kopeni, nétropeni ve eozinofili
insidanslari sirasiyla %16,3, %10 ve %710 olarak bulundu. Charlson'in
Komorbidite indeksi'nin diisiik olmasi, baslangic I6kosit sayisinin
dusik olmasi, TZP ile baska antibiyotigin kombine kullaniimasi ve
TZP'nin toplam tedavi siresi; baslangi¢c eozinofil sayisinin yiiksek
olmasi (BESYO) ve 20 giinden uzun siireli TZP kullanimi; BESYO ve
TZP'nin toplam tedavi siiresi sirasiyla I6kopeni, nétropeni ve eozinofili
icin bagimsiz risk faktorleri olarak bulundu.

Sonug: TZP ile tedavi edilen hastalarin tedavi siiresinin uzun
olmasi, kombine antibiyotik tedavisi almalari, daha genc¢ yasta daha
az komorbiditelerinin olmasi ve BESYO hematolojik istenmeyen
etkilerin gelismesine neden olabilir. BESYO olmasi hastalarin alerjik
reaksiyonlara daha vyatkin olmasina neden olabilir, bu nedenle
immunolojik mekanizmalar TZP kullanimiyla hematolojik istenmeyen
etkilerin gelismesini kolaylastirabilir.

Anahtar Sozciikler: Notropeni, Lokopeni, Eozinofili, Piperasilin-
tazobaktam, istenmeyen etkiler

Introduction

Piperacillin-tazobactam (TZP) is a broad-spectrum semisynthetic
antibiotic. It has increased activity against Pseudomonas
aeruginosa when compared with other penicillins [1].
It is commonly used in nosocomial infections and many
other conditions that require broad-spectrum antibiotics,
such as febrile neutropenia. Adverse effects of TZP include

hypersensitivity reactions and gastrointestinal, renal, and
hematologic effects. Although the most frequently reported
hematologic adverse effect of TZP is reversible neutropenia,
Coombs-positive hemolytic anemia and thrombocytopenia
are also reported [1,2]. After the observation of fever and
neutropenia in some patients who received prolonged TZP
therapy, we aimed to identify the incidence and risk factors for
the development of these adverse effects.
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Materials and Methods

Patient Selection

Adult patients (aged >18 years) who were given original TZP for
more than 10 days at our faculty from January 2013 to December
2014 were included in the study. Usual adult doses were used
and TZP was adjusted to renal function if necessary. Patients
with HIV infection and hematologic malignancy, patients
with leukopenia and neutropenia, and patients using systemic
steroid therapy or chemotherapy within the last 3 months
were excluded from the study. If the duration between two
episodes of TZP therapy exceeded 1 month, those episodes were
evaluated separately.

Data Collection

Patientinformation was recorded on previously prepared forms by
reviewing medical records. The Charlson Comorbidity Index (CCl)
was calculated for all patients.

Definitions

Leukopenia was defined as absolute leukocyte count of <4000
cells/mm?®. Anemia was defined as hemoglobin level of <13.5
g/dL in males or <12 g/dL in females, or a decline of 2 g/dL
in patients with low hemoglobin levels at the beginning of
therapy. Thrombocytopenia was defined as absolute platelet
count of <150,000 cells/mm?, neutropenia was defined as
absolute neutrophil count of <2000 cells/mm3, eosinophilia was
defined as absolute eosinophil count of >500 cells/mm?®, and
hypereosinophilia was defined as absolute eosinophil count of
>1500 cells/mm?.

Statistical Analysis

Statistical analyses were performed using SPSS 21 (IBM Corp.,
Armonk, NY, USA). The univariate analyses were investigated
using chi-square tests, Fisher's exact test, Student's t-test, and
Mann-Whitney U tests as appropriate. For multivariate analysis,
the possible factors identified with univariate analyses were
further entered into logistic regression analysis to determine
independent risk factors for leukopenia, neutropenia, and
eosinophilia. Hosmer-Lemeshow goodness-of-fit statistics were
used to assess model fit and p<0.05 was considered statistically
significant.

Results

One hundred and ten TZP therapy episodes of 102 patients
were included in the study. The epidemiological, clinical,
and laboratory data of the patients are given in Table
1. Total TZP dose and duration of TZP therapy had no significant
effect on the development of anemia or thrombocytopenia.
However, they were detected as significant risk factors for the

development of leukopenia (16.3%), neutropenia (10%), and
eosinophilia (10%).

Drug fever appeared in five of the 11 neutropenic patients
and in six of the 18 patients with leukopenia who were
afebrile beforehand. All of the patients were alive until the
end of TZP therapy. Therapy was continued with another
antibiotic in 8 patients with leukopenia and in 5 patients with
neutropenia. Body mass index was normal in all patients who
developed leukopenia and neutropenia.

Characteristics of patients and statistical analysis with and
without leukopenia, neutropenia, and eosinophilia during TZP
therapy are given in Table 2. In multivariate analysis, lower
CCI score, lower initial blood leukocyte count, combination
of TZP with another antibiotic, and total duration of TZP
therapy were found to be independent risk factors for
leukopenia; initial higher blood eosinophil count (IHEC)
and use of TZP for >20 days were found to be independent
risk factors for neutropenia; and IHEC and total duration of
TZP therapy were found to be independent risk factors for
eosinophilia. The characteristics of leukopenia, neutropenia,
and eosinophilia episodes are given separately in Tables 3, 4,
and 5, respectively.

Table 1. Characteristics of patients within 110 therapy
episodes.

Female sex, n (%) 47 (42.7)
Mean age (years), mean + SD 59.5+16
Charlson Comorbidity Index, mean + SD 4.07+2.19
Reason for piperacillin-tazobactam usage

Lower respiratory tract infections, n (%) 60 (54.5)
Bone and joint infections, n (%) 26 (23.6)
Skin and soft tissue infections, n (%) 18 (16.3)
Other infections, n (%) 6 (5.4)
Mean duration of therapy (days), mean + SD (total) 21+14
Mean dose of therapy (g), mean + SD (total) 2444149
Combination antibiotic therapy with, n (%) 63 (57.2)
Ciprofloxacin 37 (58.7)
Glycopeptides 17 (26.9)
Others 9 (14.2)
Leukopenia developed during treatment, n (%) 18 (16.3)
Neutropenia developed during treatment, n (%) 11 (10)
Eosinophilia developed during treatment, n (%) 11 (10)
Hypereosinophilia developed during treatment n (%) |1 (0.9)
Anemia developed during treatment, n (%) 21 (19)
Thrombocytopenia developed during treatment, n (%) | 7 (6.3)
SD: Standard deviation.
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TZP: Tazobactam, SD: standard deviation, OR: odds ratio, Cl: confidence interval.

Discussion

The incidence of leukopenia and neutropenia in patients treated
with TZP for more than 10 days were found to be 16.3% and 10%
respectively in our study. Incidence of neutropenia was found between
0.04% and 34% in previous studies [3,4,5]. The difference between
neutropenia incidences may have resulted from the definitions of
neutropenia, duration of TZP therapy, and study design. The total dose
and duration of TZP therapy were also found to be the most frequently
determined risk factors in the development of these adverse effects in
previous studies [4,5,6]. The mechanisms and causes of TZP-induced
leukopenia or neutropenia have not been clearly determined. It has
been shown that TZP causes reversible proliferation arrest in myeloid
cells with cumulative doses [7,8,9].

Duration of TZP therapy was detected as a significant risk factor for
the development of leukopenia (21 days), neutropenia (19 days), and
eosinophilia (13 days) in our study. Also in a study of 41 patients
with bone-related infections, neutropenia developed in patients who
used TZP for more than 18 days [4]. In another study that compared
risks of neutropenia in patients treated with either TZP or ticarcillin-
clavulanate, the risk of neutropenia was higher when children were
treated with TZP than with ticarcillin-clavulanate and use of TZP
for more than 2 weeks was found to be related to increased risk of
neutropenia [5].

In some studies patients who developed neutropenia were
found to be younger, as in our study [4,9]. However, these
studies could not explain the mechanism behind this. We could
find no other study identifying lower CCl as a risk factor for
developing leukopenia or neutropenia during TZP therapy in
adult patients. This situation could be explained by the role
of immunological mechanisms in the hematologic adverse effects
of TZP. Hypersensitivity responses against antimicrobial agents may
be more effective in younger patients with better immune systems
and no comorbid conditions. Additionally, we found IHEC as another
independent risk factor for the development of neutropenia with TZP
therapy. Patients with higher eosinophil counts were probably allergic
to something previously and could be more prone to allergic reactions
to antibiotics such as TZP as well; this could also be the reason for
neutropenia and leukopenia. In another study, immunoglobulin G
antibodies directed against penicillins and neutrophils were described
and the authors concluded that an immune-mediated pathogenesis
was highly probable in developing neutropenia with penicillin use
[10].

Combination antibiotic therapy was found to be a risk factor for
the development of leukopenia but not neutropenia in our study,
and it was found as a risk factor also in developing neutropenia
in another study [4]. Although the hematologic adverse effects
of ciprofloxacin, which was the agent most frequently combined
with TZP in our study, are mild and rarely seen [11], bone marrow
suppression associated with ciprofloxacin use was shown. Combination

293



Benli A, et al: Piperacillin-Tazobactam Myelosuppression Turk J Hematol 2018;35:290-295

Table 3. Characteristics of the 18 episodes of leukopenia.

Age, year Time to onset of leukopenia, day |Total dose, g Initial leukocytes count, | Nadir of leukocytes count,
x10°/L x10°/L

F 34 15 180 1.7 2.7

F 76 17 204 5.7 3.7

M 47 10 120 8.9 3.4

F 70 8 96 7.2 3.2

M 46 30 360 13.8 3.2

F 40 15 180 9.8 2.6

M 30 25 300 8.0 39

M 69 21 252 7.3 3.2

M 73 21 252 11.8 3.4

M 63 33 396 1.9 3.1

F 60 20 240 6.6 3.4

M 70 29 348 5.2 3.8

M 69 40 480 4.8 3.9

M 22 14 168 6.9 3.1

M 51 20 240 8.0 2.3

M 60 20 240 6.9 3.9

M 32 23 276 6.4 3.8

F 18 21 252 15.9 3.9
Mean + SD | 51.66+18.72 | 21.22+8.04 254.66+96.48 8.71+£3.12 3.36+0.48
SD: Standard deviation, M: male, F: female.

Table 4. Characteristics of the 11 episodes of neutropenia.

Time to onset of Total dose, g Initial neutrophils count, | Nadir of neutrophiles count,
neutropenia, day x10°/L x10°/L

M 60 25 300 9.9 0.8

M 47 10 120 6.4 0.5

F 70 8 96 6.2 1.4

M 46 30 360 10.5 1.1

M 73 23 276 9.4 1.2

M 63 24 288 8.1 0.8

F 60 20 240 43 1.9

M 51 21 252 3.7 1.3

M 60 23 276 4.5 1.9

F 18 21 252 11.0 1.6

F 19 6 72 9.7 1.5

Mean + SD 51.54+18.39 19.18+7.7 230.18 £92.45 | 7.6+2.68 1.27+0.45

SD: Standard deviation, M: male, F: female.

antibiotic therapy with TZP should be limited to patients with Study Limitations

severe life-threatening Pseudomonas aeruginosa infections and Our study is novel in several ways: it includes the largest patient

especially those with immunocompromising conditions because sample among studies on the same subject, we evaluated the

of the increased rate of adverse effects, including leukopenia, hematologic adverse effects of TZP as a whole, and finally
and the lack of evidence of either improved efficacy or decreased we analyzed the independent risk factors for development of
resistance [12]. leukopenia, neutropenia, and eosinophilia.
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Table 5. Characteristics of the 11 episodes of eosinophilia.

Age, year Time to onset Total dose, g Initial eosinophils count, Nadir of eosinophils count,

of eosinophilia, x109/L x109/L
day

F 58 1 12 0.3 0.6

M 74 4 24 0.4 0.9

M 65 31 372 0.1 2

F 52 32 384 0.218 1.62

M 30 3 36 0.1 0.7

M 42 7 42 0.748 0.577

M 53 28 336 0.1 1.4

M 74 29 348 0.2 0.5

F 18 3 36 0.126 0.8

M 50 7 84 0.5 0.6

M 76 5 60 0.2 0.5

Mean + SD 53.81+15.59 13.63+13.12 157.63+161.93 0.272+0.204 0.927+0.512

SD: Standard deviation, M: male, F: female.

Conclusion References

It should be kept in mind that if TZP therapy is extended for
more than 2-3 weeks, a patient could develop leukopenia,
neutropenia, or eosinophilia, especially in cases of combination
antibiotic therapy and in younger patients with fewer
comorbidities. Although the consequences of TZP-induced
hematologic adverse effects were not devastating, duration of
hospital stay after the beginning of TZP was longer in patients
with leukopenia and neutropenia. Therefore, younger patients
with fewer comorbidities and patients with IHEC should
particularly be monitored more frequently with complete blood
counts. Although combination antibiotic therapy was not
found as a risk factor for neutropenia, it was a risk factor for
leukopenia and should be avoided unless necessary.
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Acanthocytosis and HyperCKemia

Akantositoz ve Kreatin Kinaz Yiksekligi

O© Ulug Yis?, © Kerstin Becker2.3, ® Sebnem Yilmaz4, ® Sebahattin Cirak2.3

1Dokuz Eyliil University Faculty of Medicine, Department of Pediatrics, Division of Pediatric Neurology, [zmir, Turkey

2University Hospital Cologne, Department of Pediatrics, Cologne, Germany

3University of Cologne, Center for Molecular Medicine Cologne, Cologne, Germany
4Dokuz Eyliil University Faculty of Medicine, Department of Pediatrics, Division of Pediatric Hematology, izmir, Turkey

e

. L ] .‘ « s |
v tf ‘» '
A J N o e

P.s
4

Figure 1. Peripheral blood smear of the patient showing acanthocytosis.

A 14-year-old boy was referred to the neuromuscular clinic
for the investigation of hyperCKemia (serum creatinine kinase:
4000 IU/L; normal range: 0-170), detected during laboratory
examinations. He was the first child of consanguineous parents.
His psychomotor development was normal and he had no past
symptoms of a neuromuscular disease. Detailed history taking
did not reveal any signs of involuntary movements, bradykinesia,
or social problems. Neurologic examination showed normal
muscle power in the upper and lower extremities and no signs
of muscle atrophy. Deep tendon reflexes could not be elicited.

Nerve conduction studies were normal but electromyography
revealed combined neurogenic and myogenic potentials in the
lower extremity muscles. A muscle biopsy did not show any
pathology and was interpreted as normal. Targeted customized
Mendeliome panel [1] next-generation sequencing revealed a
homozygous splice site mutation in the vacuolar protein sorting-
associated protein (VPS13A), NM_015186.3, ¢.6095+1G>C.

HyperCKemia
levels of the enzyme creatinine kinase in the blood. Chorea-

is a condition characterized by elevated
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acanthocytosis is an autosomal recessive disease caused by
mutations in the VPS13A gene, which encodes the protein
chorein. The disease is characterized by chorea, dystonias mainly
involving the face, parkinsonism, vocal tics, epilepsy, social
disinhibition, and distal muscle wasting. The mean age of onset
is 35 years [2]. Neuropsychiatric symptoms are also common
and may precede movement disorders. Acanthocytes usually
constitute 5% to 50% of circulating red blood cells. They may
also be absent or may appear late in the course of the disease
[3]. Most patients have elevated serum creatinine kinase levels
but the cause of this creatinine kinase elevation is unknown.
Nerve conduction studies may be normal, but may show
sensory axonal neuropathy in some cases. Electromyography
may show myogenic or neurogenic potentials. Retrospectively,
after the genetic diagnosis, we could confirm the presence
of acanthocytes (Figure 1). Our patient had no neurological
complaints and no neurological abnormalities. Thus, peripheral
blood smears may give important diagnostic clues in cases
of idiopathic hyperCKemia. Whole exome sequencing is
also a preferable diagnostic modality in cases of idiopathic
hyperCKemia, but there are challenges in the counseling of
the family in a clinically asymptomatic case in the context of a
progressive neurologic disorder.
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Basophilic Stippling and Chronic Lead Poisoning

Bazofilik Noktalanma ve Kronik Kursun Zehirlenmesi

® Yantian Zhao, ® Juan Lv
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Figure 1. (A) Bone marrow smears and (B) peripheral blood smears revealing extensive erythrocytes of coarse basopbhilic stippling (1000%,
Wright-Giemsa stain). Bone marrow smears showed 4+ iron stores (C) and ring sideroblasts (D) (10007, iron stain).

A 66-year-old female patient presented with a 9-month
history of abdominal colic and fatigue that prompted an
abdominal computed tomography scan and gastrointestinal
endoscopy with negative assessments. The hemoglobin
level was 72-81 g/L with an increase in serum ferroprotein.
Bone marrow (Figure 1A) and peripheral blood smears
(Figure 1B) revealed extensive erythrocytes with coarse
basophilic stippling. It was suggested that there may have
been an accumulation of heavy metal in her body. The level
of lead in her blood and urine was increased to 1036 pg/L
(permissible: <400 ug/L [1]) and 246 pg/L (permissible: <70
ug/L [1]), respectively. Her blood mercury level was below the

permissible level (permissible: <15 ug/L [2]). Therefore, she
was initially diagnosed with chronic lead poisoning. Further
history revealed that she had been taking an adulterated
dietary supplement called “Fengwangjiang” from unverified
sources for more than the past 1 year. Bone marrow smears
showed 4+ iron stores (Figure 1C) and ring sideroblasts (Figure
1D), indicating ineffective heme synthesis. She complied with
the doctor's order to stop taking the dietary supplement and
received lead-chelation therapy during hospitalization, and
her symptoms improved. Basophilic stippling provides a clue
to the underlying diagnosis and an understanding of the
underlying pathogenesis.
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The Impact of Small Bowel Endoscopy in Patients with Hereditary

Hemorrhagic Telangiectasia

Herediter Hemorajik Telenjiektazi Hastalarinda Ince Barsak Endoskopisinin Onemi

@ Stefania Chetcuti Zammit, ® David S. Sanders, ® Mark E. McAlindon, @ Reena Sidhu

Sheffield Teaching Hospitals, Royal Hallamshire Hospital, Academic Department of Gastroenterology, Sheffield, England

To the Editor,

We have read with interest the article entitled "Thalidomide
for the Management of Bleeding Episodes in Patients with
Hereditary Hemorrhagic Telangiectasia: Effects on Epistaxis
Severity Score and Quality of Life" [1].

This article highlights the use of thalidomide in the management
of patients with hereditary hemorrhagic telangiectasia (HHT)
who present with epistaxis. The prevalence of HHT is thought to
be between 1.5 and 2 cases per 10,000 people [2]. HHT can be
associated with other bleeding complications such as bleeding
from the gastrointestinal tract and in particular the small bowel
(SB). The existence of small bowel angioectasias (SBAs) has
been reported to vary between 56% and 91% in the literature
[3,4,5,6]. The study by Ingrosso et al. [6] also reported that
patients with SBAs were considerably older.

We carried out a study at our tertiary center for the
management of patients with HHT where 10 patients (60%
males) with genetically confirmed HHT were referred for the
management of gastrointestinal-related complications. The
impact of small bowel capsule endoscopy (SBCE) and double
balloon enteroscopy (DBE) was evaluated. The mean age at first
SB endoscopy was 62.6+14.4 years (mean + standard deviation).

Patients had a total of 39 gastroscopies, 16 colonoscopies, and 6
push enteroscopies. Seven patients underwent SBCE: 6 (85.7%)
had proximal, 1 (11.1%) had mid, and 3 (33.3%) had distal SBAs.
Two patients had a colon capsule that showed angioectasias.

Several DBEs were carried out for 6 patients (median 4; SD +6)
with a mean of 130.5+133.3 days between DBEs. Fifty-seven SBAs
were treated with argon plasma coagulation (APC) on average at
each DBE. These procedures take an average of 75 minutes. Mean
hemoglobin before and after the procedure was 9.8 and 10.2 g/
dL, respectively (p=0.1). Six patients were transfusion-dependent
initially but 4 improved following intervention.

Need for transfusion resolved in 1 patient when started
on lanreotide (a long-acting somatostatin analog), reqular

300

endoscopy, and APC, and in 2 patients upon starting DBEs
and APC. One patient passed away from pneumonia. Another
patient was switched unsuccessfully from octreotide to
lanreotide. She stopped being transfusion-dependent with
regular gastroscopies and APC. Another patient was unwilling
to undergo further endoscopies due to multiple comorbidities.
He improved on lanreotide. In 2 patients, anemia remains
persistently problematic. One of them is also on dalteparin
for superior mesenteric venous thrombosis. The other patient
has recurrent epistaxis, which makes it harder for him to have
further endoscopies.

SBCEisa useful screening toolin patients with HHT to assess SBAs.
Although classed as invasive endoscopy, DBEs and APC can have
a significant impact on mortality and quality of life in patients
with HHT. Pharmacotherapy such as somatostatin analogs can
additionally help to improve transfusion requirements. They
have a good safety profile [7], unlike thalidomide, which can
result in teratogenicity [8], peripheral neuropathy (50%) [9],
and thromboembolism [10].

Keywords: Hereditary hemorrhagic telangiectasia, Small bowel
capsule endoscopy, Argon plasma coagulation
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barsak kapstil endoskopisi, Argon plazma koagiilasyonu
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Interleukin-2-330T/G and Interleukin-10-1082A/G Genetic
Polymorphisms and B-Cell Non-Hodgkin Lymphoma
Interlokin-2-330T/G ve Interlokin-10-1082A/G Genetik Polimorfizmi ve B-Hiicreli Non-

Hodgkin Lenfoma

©® Beuy Joob?, ® Viroj Wiwanitkit2

ISanitation 1 Medical Academic Center, Bangkok, Thailand
2Honorary professor, Dr DY Patil University, Pune, India

To the Editor,

We read the publication "Association of Interleukin-2-330T/G
and Interleukin-10-1082A/G Genetic Polymorphisms with B-Cell
Non-Hodgkin Lymphoma (B-NHL) in a Cohort of Egyptians”
with great interest [1]. Abdel Rahman et al. [1] concluded
that “The present study highlights the possible involvement
of the [interleukin (IL)] IL-2-330T/G genetic polymorphism
in the susceptibility to [B-NHL] B-NHL in Egypt, especially
indolent subtypes. Moreover, IL-10-1082A/G is not a molecular
susceptibility marker for B-NHL in Egyptians" [1]. In fact, the
role of polymorphism of IL is widely mentioned in relationship
to NHL susceptibility [2]. We agree with the observation of
Abdel Rahman et al. [1]. The differences of the effects of IL-
2-330T/G and IL-10-1082A/G can be explained by molecular
quantum calculations of molecular weight changes. This is the

same phenomenon as seen in other polymorphisms and it can
affect the clinical appearance of many medical disorders, such
as the effect of CTLA-4 A49G polymorphism on autoimmune
blood disease [3]. For IL-2-330T/G and IL-10-1082A/G, the
change of molecular weight is equal to -107.07 and +16 per
molecule, respectively. This means that a molecule with IL-
2-330T/G requires more molecular mass and a molecule with
IL-10-1082A/G requires less molecular mass to complete a
biological process compared to a naive molecule.

Keywords: Interleukin, Lymphoma, Polymorphism
Anahtar Sozciikler: interlokin, Lenfoma, Polimorfizm
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and/or affiliations relevant to the subject matter or materials
included.
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On Being a “Physician Patient” with His Own Experimental

Therapeutic Drug

Deneysel Tedavi Edici llag ile “Doktor Hasta” Birlikteligi Uzerine

O Rafiye Ciftciler, ® ibrahim C. Haznedaroglu

Hacettepe University Faculty of Medicine, Department of Hematology, Ankara, Turkey

To the Editor,

We have read with great interest the paper by Patiroglu et al.
[1] on the mucosal healing effects of Ankaferd BloodStopper
(ABS), recently published in this journal. They suggested that
ABS could be effective for the management of chemotherapy-
induced mucositis. We would like to share our own experience
with ABS on the burn-induced skin wounds of a patient.

The patient herein is a physician and the senior author of this
paper (I.C.H.). He is also the mentor of the first author (R.C.). The
experimental therapeutic drug is ABS, which was developed as a
medicine with numerous clinical studies (https://www.ncbi.nIm.
nih.gov/m/pubmed/?term=ankaferd), mostly authored by i.C.H.
himself. ABS is the first topical hemostatic agent acting on red
blood cells and fibrinogen gamma interactions to be tested
in clinical trials [2]. ABS is a drug officially approved for the
management of clinical hemorrhages in Turkey [3]. However,
ABS has never been used in humans for the therapy of burns
until .C.H. had his left forearm severely burned by a boiling tea
kettle. In his physical examination, the burnt areas had acutely
developed heavy erythematous lesions, which then complicated
into several bullous lesions.

At the time of the burn accident, ABS for burn wound
management had only been demonstrated in rats [4,5]. The burns
were induced in Wistar albino rats by Kaya et al. [4] they showed
that ABS decreases the inflammation and wound diameters and
increases the wound contraction and tissue fibrosis in rats with
burn injuries. The results of another rat study demonstrated
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that ABS has a positive effect on second-degree thermal burn
healing [6].

The emergency state of the severe burn lesions and the
availability of ABS at the time of the accident enabled us to
apply it topically to the burn lesions of I.C.H. The burn lesions
were clearly regressed and wound healing occurred with no
complications upon the usage of ABS in our physician patient
(Figure 1).

In the history of medical science, there are many inventors
that applied their own therapeutic tools for the management
of their own diseases, such as Dr. Barry J. Marshall. He drank
Helicobacter pylori bacteria himself and developed stomach
ulcers within a few days. He later successfully treated himself
with antibiotics and went on to win the Nobel Prize [7].

Figure 1. The senior author's burn wounds before and after
treatment with Ankaferd BloodStopper.
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The conclusions that were drawn from our unique clinical story
are as follows:

- Medical inventors and researchers are enthusiastic for the use
of their experimental drugs in clinical situations.

- The weakest aspect of evidence-based medicine is the ‘lack
of evidence' in the related particular clinical problem. This
represents a great challenge, particularly for real-life medical
emergencies.

- Sometimes medical doctors have to make clinical decisions
despite the lack of solid scientific evidence in the presence of
urgent medical needs.

- Rat and animal studies may be the only source of evidence for
human use in some medical emergencies.

- Nevertheless, the best clinical practice should rely on the
best current evidence obtained through randomized controlled
clinical trials.

Keywords: Ankaferd, Burn, Physician patient, Mucosal healing

Anahtar Sozciikler: Ankaferd, Yanik, Doktor hasta, Mukozal
iyilesme
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Hematology Laboratory Survey
Hematoloji Laboratuvar Anketi

@ Rujittika Mungmunpuntipantipl, ® Viroj Wiwanitkit2

126 Medical Center, Clinic of Hematology, Bangkok, Thailand
2Dr. DY Patil University, Pune, India

To the Editor,

We read the publication “Results of the Hematology Laboratory
Survey: What Has Changed in Eight Years?" with great interest.
Kozanoglu et al. [1] noted that “"Hematology laboratories have
not been defined in the Turkish Medical Laboratories Regulation
(2010, 2013), which regulates procedures and principles
regarding the planning, licensing, opening, regulating,
classifying, monitoring, controlling, and terminating of
activities of medical laboratories". We would like to share ideas
from our country in Indochina. In Thailand, there is no isolated

hematology laboratory. All clinical hematology investigation
is performed by a standard clinical laboratory medicine center
[2]. Routine laboratory survey and quality surveillance for
accreditation is the basic requirement. This might be a good
way for quality control of laboratory processes. Indeed, there
is a need for clinical pathologists or clinical hematologists for
the management of a hematology laboratory. This is necessary
for the assurance of the quality of laboratory diagnoses. The
concept of isolated hematology and combination with other
clinical laboratories in a single laboratory medicine unit is an
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Reply to the Authors

To the Editor,

We read the letter from Mungmunpuntipantip and Wiwanitkit regarding our publication on “Results of the Hematology Laboratory
Survey: What Has Changed in Eight Years?"

First of all, we would like to thank the authors, that they have shared their experiences and ideas from their country. We understood
that all clinical hematology investigation was performed by a standard clinical laboratory medicine center in Indochina and also,
there is no isolated hematology laboratory in their country.

We all agree that the concept of isolated hematology and combination with other clinical laboratories in a single laboratory medicine
unit is an interesting topic for further discussion on advantages and disadvantages. Many hematology laboratories have closed
and/or were included into a central laboratory system after starting new regulations in Turkey. The authors also agree with us that
there is a need for the clinical hematologist for management of the hematology laboratory. However, after the new regulations in
our country, the managers of hematology laboratories became biochemistry specialists. But it is very important to evaluate specific
tests in the hematology laboratory and to integrate them with the clinical status of patients. Therefore, the removal of clinical
hematologists from hematology laboratories was a significant disadvantage. The routine laboratory survey and quality surveillance
for accreditation is the basic requirement not only for hematology laboratories but also in all laboratories. However, after the new
regulations implemented, only the quality issues will not be sufficient to solve problems related to hematology laboratories in Turkey.

Best Regards,

ilknur Kozanoglu, Tiirkan Patiroglu, Klara Dalva, Giilderen Yanikkaya Demirel, Teoman Soysal, Muzaffer Demir
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Successful Treatment of Recurrent Gastrointestinal Bleeding Due
to Small Intestine Angiodysplasia and Multiple Myeloma with
Thalidomide: Two Birds with One Stone

Ince Barsak Anjiyodisplazi ve Multipl Miyeloma Bagli Gelisen Tekrarlayan Gastrointestinal
Kanamanin Talidomid ile Basarili Tedavisi: Bir Tasla Iki Kus

® Ida Hudel, ® Josip Batini¢1.2, ® Sandra Basi¢ Kindal, ® DraZen Pulani¢l,2,3

1University Hospital Center Zagreb, Department of Internal Medicine, Division of Hematology, Zagreb, Croatia
2University of Zagreb Faculty of Medicine, Zagreb, Croatia
3Josip Juraj Strossmayer University of Osijek Faculty of Medicine, Osijek, Croatia

To the Editor, paroxysmal atrial fibrillation, requiring thromboprophylaxis

) . ) ) . with enoxaparin. Six months after treatment initiation the
Gastrointestinal angiodysplasia (GIA) is the most common

digestive tract vascular malformation, often causing recurrent Table 1. Relevant laboratory findings at baseline and during

gastrointestinal bleeding. Despite association with certain thalidomide treatment.

hereditary diseases [1,2,3], most GlAs are acquired, associated Key laboratory Baseline | 8/2016 | 2/2017 | 11/2017
. . . . . . . . flndlngs (2/201 6)

with aortic stenosis, hemodialysis, malignancies, or liver

cirrhosis or idiopathic, and they appear among the elderly (>60 Hemoglobin (g/L) 77 95 17 127

years) [4]. Advances in endoscopy brought about management MCV (fL) 71 84.1 85.7 90.9

improvements, but due to numerous lesions disseminated over Fe (umol/L) 2 5 5 19

the digestive tract, treatment of GIA remains a clinical challenge. Ferritin (ug/L) <5 25.1 23.8 184.8

Novel studies suggested that the use of thalidomide might be PT 1.13 NA NA NA

beneficial in these patients due to its antiangiogenic properties aPTT (s) 22.7 NA NA NA

[5,6]. Thalidomide and its modern analogues currently represent Fibrinogen (g/L) 4.0 NA NA NA

a backbone treatment of another disease: multiple myeloma VWF (%) 154 NA NA NA

(MM) [7]. Here we wo.uld Ilke.to pr_esent a case of successful MM FVIIT (KIUJD 2.80 NA NA NA

and GIA treatment with thalidomide. FXII (kIU/L) 0.85 NA NA NA

Our male patient, born in 1947 and suffering from arterial Total serum protein | 72 66 67 68

hypertension, benign prostate hyperplasia, and chronic (9/)

. . . . . Total serum IgG 18.93 1.8 13.09 14.37
.obstruct!v? pulmonarY dléease, was diagnosed with sym ptoma'tlc (/D) (high) (normal) | (normal) | (normal)
iron deficiency anemia in 2012. He underwent an extensive -

} . ) M protein by Present Present | Present | Present
gastroenterological workup, which revealed multiple small immunofixation
intestine GlAs causing recurrent bleeding. Several attempts at -serum lgG kappa
endoscopic argon-plasma coagulation in the following years Serum free light- 26.3 132 196 20.5
were not able to control the disease and the patient required chains (mg/L), kappa
regular blood transfusions (every 3-4 weeks) and parenteral iron Serum free light- 21.0 10.2 14.6 17.7
supplementation. The patient was referred to a hematologist in chains (mg/L),
2016 for further assessment. Bleeding disorders were excluded lambda -
(Table 1), but advanced immunoglobulin G kappa MM was Kappa/lambda ratio | 1.25 129 1134 116
i ] serum (normal) (normal) | (normal) | (normal)
found (ISS 1, with 20%-25% clonal plasma cells in the bone - - - -
. . . . . M protein-urine NA NA Negative | Negative
marrow and multiple osteolytic lesions), with no signs of
b . inal loidosis. T ith Bone marrow 20-25 <5 NA NA
one marrow or gastrointestinal amyloidosis. Treatment wit plasma cell count
cyclophosphamide (500 mg/week), thalidomide (100 mg/day), (%)
and dexamethasone (40 mg/week) together with monthly MCV: Mean cell volume, PT: prothrombin time, aPTT: activated partial thromboplastin
zoledronate was initiated in March 2016. Cyclophosphamide time, VWF: Von Willebrand disease, Fe: serum iron, FVIII: factor VIII, FXIII: factor XIII,
IgG: immunoglobulin G, NA: not applicable.

was discontinued after 3 applications due to development of
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patient achieved a very good partial remission (vgPR) of MM.
Owing to age, comorbidities, and the patient's preferences, he
was considered transplant-ineligible and so thalidomide (100
mg/day) and dexamethasone (20 mg/week) were continued.
The patient has had no apparent bleeding since March 2016, he
has been transfusion-free since October 2016, and he received
the last parenteral iron supplementation in October 2017, so
GIA endoscopy was not repeated. MM evaluations revealed
continuous vgPR after 22 months of treatment; the patient
is asymptomatic, suffers no side effects, and continues with
thalidomide maintenance (Table 1).

The efficacy of thalidomide as a first-line treatment in
combination regimens and as maintenance therapy for MM
is well established [8]. Despite the irrefutable success of some
novel therapeutic agents, such as proteasome inhibitors and
next-generation immunomodulatory drugs, thalidomide still
represents a valid treatment choice, especially in countries with
limited healthcare resources. Thalidomide has an emerging role
in GIA treatment, with shown efficacy in a small randomized
trial [5] and multiple case reports (nicely reviewed by Bauditz
[6]). Certain patients, especially those with several susceptible
conditions as in the case presented here, seem to achieve utmost
clinical benefit and improvement in quality of life. The optimal
dosage of thalidomide in GlAs is currently not defined, and the
side-effect profile might limit its long-term use for disease
control. Nevertheless, its efficacy and side-effect manageability
make further research worthwhile.

Keywords: Thalidomide, Angiodysplasia, Recurrent bleeding,
Multiple myeloma, Antiangiogenic

Anahtar Sozciikler: Talidomid, Anjiodisplazi,
kanama, Multipl myelom, Antianjiojenik

Tekrarlayan

Conflict of Interest: The authors of this paper have no conflicts
of interest, including specific financial interests, relationships,
and/or affiliations relevant to the subject matter or materials
included.

References

1. Makris M, Federici AB, Mannucci PM, Bolton-Maggs PH, Yee TT, Abshire T,
Berntorp E. The natural history of occult or angiodysplastic gastrointestinal
bleeding in von Willebrand disease. Haemophilia 2015;21:338-342.

2. Duarte BKL, de Souza SM, Costa-Lima C, Medina SS, Ozelo MC. Thalidomide
for the treatment of gastrointestinal bleeding due to angiodysplasia in a
patient with Glanzmann's thrombasthenia. Hematol Rep 2017;9:6961.

3. Alam MA, Sami S, Babu S. Successful treatment of bleeding gastro-intestinal
angiodysplasia in hereditary haemorrhagic telangiectasia with thalidomide.
BMJ Case Rep 2011:2011.

4. Becq A, Rahmi G, Perrod G, Cellier C. Hemorrhagic angiodysplasia of the
digestive tract: pathogenesis, diagnosis, and management. Gastrointest
Endosc 2017;86:792-806.

5. Ge ZZ, Chen HM, Gao YJ, Liu WZ, Xu CH, Tan HH, Chen HY, Wei W, Fang JY,

Xiao SD. Efficacy of thalidomide for refractory gastrointestinal bleeding
from vascular malformation. Gastroenterology 2011;141:1629-1637.

6. Bauditz J. Effective treatment of gastrointestinal bleeding with thalidomide
- chances and limitations. World J Gastroenterol 2016;22:3158-3164.

7. Kumar SK, Vij R, Noga SJ, Berg D, Brent L, Dollar L, Chari A. Treating multiple
myeloma patients with oral therapies. Clin Lymphoma Myeloma Leuk
2017;17:243-251.

8. Aguiar PM, de Mendonga Lima T, Colleoni GWB, Storpirtis S. Efficacy and
safety of bortezomib, thalidomide, and lenalidomide in multiple myeloma:
an overview of systematic reviews with meta-analyses. Crit Rev Oncol
Hematol 2017;113:195-212.

This study was previously presented as a poster in the Croatian language at the 7" Croatian Congress of Hematologists in Sibenik, Croatia, in September 2017.

©Copyright 2018 by Turkish Society of Hematology
Turkish Journal of Hematology, Published by Galenos Publishing House

E Address for Correspondence/Yazn§ma Adresi: Drazen PULANIC, M.D., University Hospital Center Zagreb,

[ d.q't.':-,ﬂu Department of Internal Medicine, Division of Hematology, Zagreb, Croatia
. j—n ? E-mail : dpulanic@yahoo.com ORCID-ID: orcid.org/0000-0002-1177-8921
Foon 4 3. 1Y

Received/Gelis tarihi: February 19,2018
Accepted/Kabul tarihi: June 18,2018

DOI: 10.4274/tjh.2018.0074

306



Turk J Hematol 2018;35:300-314

LETTERS TO THE EDITOR

Treatment of Chronic Back and Chest Pain in a Patient with Sickle
Cell Disease Using Spinal Cord Stimulation
Orak Hiicre Hastasinda Kronik Sirt ve Gogis Agrisinin Spinal Kord Stimalatord ile Tedavisi

@® Damla Yirikl, ® ibrahim Asik2

1Bursa Yiiksek Ihtisas Training and Research Hospital, Clinic of Algology, Bursa, Turkey
2Ankara University Faculty of Medicine, Department of Algology, Bursa, Turkey

To the Editor,

Pain with sickle cell disease can occur in two forms: acute
or chronic. Acute pain is often treated with analgesics
in emergency services or at home and can intermittently
relapse. In the later stages of the disease, chronic pain occurs
due to central sensitization. Here we report a patient with
sickle cell pain who was treated with a spinal cord stimulator
(SCS).

Our patient was a 28-year-old female. She was admitted to the
hospital due to painful crises and had a history of operations
due to vertebral fracture, femoral head osteonecrosis, and
pulmonary hypertension. Her back and chest pain was ranked
as 9 on a numeric rating scale when she was referred to the
pain clinic. Non-enhancing areas involving vertebral bodies at
dorsal and lumbar levels, suggestive of infarcts, were shown
by magnetic resonance imaging (Figure 1). Pain control could
not be achieved medically; all nonsteroidal anti-inflammatory
drugs and opioids had been unsuccessful. After evaluation by
the local pain council of the hospital, the patient underwent
implantation of an SCS.

In the operating room she was placed in the prone position.
Under fluoroscopic guidance a 15-gauge Tuohy needle was
inserted into the T6-T7 interlaminar space. Eight-electrode leads
were inserted through the needle and advanced until the tip lay
at the T1-T4 epidural level (Figure 2). Parameters of stimulation
were pulse width of amplitude 2.5 mA and frequency of 10 kHz.
Following more than 60% pain relief throughout the trial period,
the lead was connected to an implantable pulse generator,
which was placed into the left buttock. During 1-year follow-up
of the implantation of the high-frequency SCS, excellent pain
relief continued with improvement of both the patient's pain
and her ability to perform activities of daily living.

SCS has become popular in recent years. It is a neuromodulator
and manages cases of certain chronic pain for which other
procedures have failed, including failed back syndrome [1],
ischemic limb pain [2], angina pectoris [3], and painful peripheral

Figure 1. Magnetic resonance imaging shows multiple infarcts
involving vertebral column T2 and T1 sagittal images. Non-
enhancing areas involving vertebral bodies at dorsal and lumbar
levels suggest infarcts.

o
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i

Figure 2. Plain X-ray demonstrating placement of spinal cord
stimulator electrodes at the level of T1-T4.

neuropathies [4]. The mechanism of pain relief by the SCS is
still not clear [5]. According to the gate control theory, in the
peripheral nerve system the afferent activity of large fibers or
small fibers is controlled by the dorsal column cells, associated
with central transmission of pain. When a surplus of large-fiber
activity occurs, this gate closes [6]. The pathophysiology of
sickle cell disease could also be related to autonomic nervous
system efficiency [7]. Constriction or obstruction of a blood
vessel usually causes a reduction in blood flow and oxygen
delivery to the tissues and thus insufficient perfusion [8]. Small
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fibers, which carry nociceptive information in the sympathetic
pain pathway, can be blocked by a high-frequency SCS.

The present report describes the first patient with intractable
pain due to sickle cell disease who was treated with a high-
frequency SCS successfully. For patients in whom all available
treatments have failed or who have an increased risk for more
invasive surgical interventions, the SCS might be a therapeutic
alternative.

Keywords: Chronic pain, Sickle cell disease, Spinal cord
stimulation
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Simultaneous Presence of Follicular Lymphoma, Diffuse Large
B-cell Lymphoma, and Hodgkin-like Lymphoma

Es Zamanl Follikiler Lenfoma, Diffiz Bly(ik B Hiicreli Lenfoma ve Hodgkin-Benzeri
Lenfoma Varlig
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To the Editor, 65-year-old man developed a palpable mass in his left axilla,

. ) . ) which grew larger in a period of 2 months. The patient reported
Follicular lymphoma (FL) is a relatively indolent B-cell lymphoma

that may transform to a higher-grade lymphoma, most commonly
diffuse large B-cell lymphoma (DLBCL) [1]. On the other hand, the
occurrence of Hodgkin lymphoma (HL) subsequent to FL as well

no other symptoms and had no notable medical history. Biopsy
of the left axillary lymph node revealed grade 3A-FL with areas
of DLBCL. DLBCL was also observed in the biopsy of a mass of the

as composite lymphomas that are composed of HL and FL have
rarely been recorded [1,2,3,4,5]. To the best of our knowledge,
this is the first reported case of the simultaneous presence of
FL, DLBCL, and Hodgkin-like lymphoma in a lymph node. A
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thoracic wall, which was near the enlarged axillary lymph node.
Moreover, in the lymph node, Hodgkin and Reed-Sternberg (HRS)
cells were identified in extrafollicular areas and some neoplastic
follicles (Figure 1). Although some scattered eosinophils, plasma
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cells, and histiocytes were observed in the cellular background of
the extrafollicular HRS cells, the extent of this cellular infiltrate
was less than what would be expected for typical HL (Figure 1).
Immunohistochemistry revealed that the follicular neoplastic
cells were CD20+, CD10+, BCL6+, BCL2+, PAX-5+, CD30-, CD15-,
and MUM1- (Figure 1). The HRS cells were CD30+, CD15+ (20%),
CD20-, CD10-, BCL6-, MUM1+, CD3-, CD4-, CD8-, and weakly
PAX-5+ (Figure 1). A few reactive follicles with CD10+, BCL6+,
and BCL2- germinal center cells were also observed. EBER-in situ
hybridization demonstrated Epstein-Barr virus (EBV) positivity
in some cells in a few neoplastic follicles (Figure 1), but not in
the DLBCL component or in the HRS cells. The above findings
were consistent with the simultaneous presence of FL, DLBCL,
and Hodgkin-like lymphoma. Computed tomography (CT) and
positron-emission tomography (PET)/CT and bone marrow (BM)
biopsy were performed. The lymphoma was assigned stage IV
because of BM infiltration. The BM lymphoid infiltration was
diffuse (15%-20% of the total BM nucleated cells) and composed
of medium-sized lymphoid cells with immunophenotype

of CD20+, CD10+, BCL6+, PAX-5+, MUM1-, and CD30-. In
addition, some cells with the morphology of Hodgkin cells
and immunophenotype of CD30+, CD15+, CD45+, CD20-,
CD10-, BCL6-, and PAX-5- were also identified in the lymphoid
infiltration. The patient subsequently underwent six cycles of

Figure 1. a) Synchronous presence of follicular lymphoma (FL)
with Hodgkin-like lymphoma (hematoxylin and eosin staining,
200%; b) Hodgkin cells admixed with scattered eosinophils, plasma
cells, and histiocytes (hematoxylin and eosin staining, 600%);
¢) CD30+ Hodgkin and Reed-Sternberg cells in the extrafollicular
areas surrounding a neoplastic follicle (immunohistochemical
staining, 100); d) synchronous presence of FL with Hodgkin-
like lymphoma, where the neoplastic follicles express the BCL2
protein (immunohistochemical staining, 100¥); e) Epstein-Barr
virus (EBER)-positive cells in the neoplastic follicles (in situ
hybridization, 100¥); f) diffuse large B-cell ymphoma (hematoxylin
and eosin staining, 400).
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rituximab-CHOP chemotherapy without adverse effects. After
treatment, the CT scans and PET/CT results were consistent with
complete response and BM biopsy showed no lymphoma. He is
currently in regular follow-up. In our case, the DLBCL component
may correspond to transformation of the FL component, and the
EBV-negative Hodgkin-like component may arise from the EBV-
negative intrafollicular HRS cells that we detected in the lymph
node. The occurrence of HL subsequent to FL as well as composite
lymphomas consisting of HL (with classical immunophenotype)
and FL without EBV association were rarely reported [2,3,4]. In
contrast, Menon et al. [5] described transformation of FL to EBV-
positive Hodgkin-like lymphoma. Interestingly, in keeping with
the findings of Menon et al. [5], we also observed EBV-positive
cells in a few neoplastic follicles. This suggests that EBV infected
the cells secondarily in the neoplastic follicles. In conclusion, this
is the first reported case of the simultaneous presence of FL,
DLBCL, and EBV-negative Hodgkin-like lymphoma.

Keywords: Transformation, Follicular lymphoma, Hodgkin-like
lymphoma
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Skeletal Muscle Diffuse Large B-Cell Lymphoma in the Gluteal

Region

Gluteal Bolgede Iskelet Kasi Diffiz Buytik B Hucreli Lenfoma
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To the Editor,

Diffuse large B-cell lymphoma (DLBCL) is the most common
form of non-Hodgkin lymphoma (NHL) [1]. Approximately 30%
of NHL cases arise from an extranodal site, including the skin,
testes, lungs, bones, gastrointestinal tract, and central nervous
system [1,2]. Primary skeletal muscle lymphomas are rare and
account for 0.5% of NHL cases [3].

A 60-year-old male presented with a 5-month history of
a rapidly growing mass in his left buttock accompanied by
intense pain and impaired mobilization. He denied weight loss,
fever, or night sweats. Physical examination revealed a firm,
tender left buttock mass, measuring 19x13 cm (Figure 1a). No
palpable lymph nodes were detected. Laboratory tests were
unremarkable. Abdominal and pelvic contrast-enhanced CT
scan showed a soft tissue tumor in the left gluteal region,
affecting the psoas, gluteus maximus, and minor muscles
with left retroperitoneal and inguinal lymphadenopathy.
Two deep punch biopsies were performed. Histopathological
examination revealed diffuse atypical lymphocyte infiltration
involving the dermis, subcutaneous tissue, and muscle.

Immunohistochemical staining was positive for CD20,
with focal positivity of 20% for MUM1, and negative for
CD10 and BCL6. The Ki-67 proliferation index was 800%.
The final diagnosis was DLBCL, activated B-cell subtype. Six
cycles of chemotherapy with rituximab, cyclophosphamide,
doxorubicin, vincristine, and prednisone (R-CHOP) were
started. He obtained complete clinical remission (Figure 1b)
with no recurrence.

Extranodal lymphomas (ENLs) are defined as those with no/
minimal nodal involvement associated with a dominant
extranodal component [4]. However, the definition of primary
lymphoma remains a controversial issue, especially in patients
where both nodal and extranodal sites are involved. The Lugano
classification designates extranodal disease as single extranodal
lesions without nodal involvement or patients with state | or Il
nodal disease with a clinically dominant extranodal component
[5,6,7]. ENLs may arise from any site devoid of lymphocytes and
almost half represent DLBCL [6].

Involvement of the skeletal muscles in NHL is unusual and
has been reported to occur in 1.1% of patients. The most

Figure 1a. Diffuse large B-cell lymphoma in the gluteal region
before treatment.
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Figure 1b. After 6 cycles of R-CHOP chemotherapy.
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common route of muscle involvement is hematogenous,
lymphatic, or by contiguous spread, or, very rarely, as a
primary extranodal disease [4]. The most commonly affected
muscles are those of the extremities, pelvis, and gluteal
regions [6]. In a retrospective study from the Mayo Clinic
of over 7000 cases of lymphoma, primary muscle lymphoma
accounted for only 0.1%, as diagnosed over a 10-year period

[8].

The main symptoms include the presence of a mass with
progressive enlargement, pain, and swelling [9]. Imaging
studies show diffuse enlargement of the muscle involving
multiple compartments, distinguishing it from soft
tissue sarcomas that usually involve one compartment
[9]. Magnetic resonance imaging may aid in diagnosis
and enables evaluation of tumor extension and adjacent
structure involvement. However, histological analysis and
immunohistochemistry is necessary to confirm the diagnosis
[10].

Differential diagnosis includes soft tissue sarcoma, metastatic
carcinoma, and neurogenic tumors such as malignant peripheral
nerve sheath tumors [6]. No specific guidelines for the treatment
of skeletal muscle ENLs are available. R-CHOP chemotherapy is
usually the preferred regimen [7]. Due to the scarce number of
reports, information on the precise prognosis of primary skeletal
ENLs is not available.
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Early Direct Antiglobulin Test Negativity after Bendamustine and
Rituximab Treatment in Chronic Lymphocytic Leukemia: Two Cases
Bendamustin ve Rituksimab Tedavisi ile Erken Direkt Antiglobiilin Testi Negatifligi Elde

Edilen ki Kronik Lenfositik Losemi Olgusu
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To the Editor,

Autoimmune hemolytic anemia (AIHA) can emerge at any stage
of chronic lymphocytic leukemia (CLL); furthermore, patients
can present with AIHA before diagnosis [1]. Although direct
antiglobulin test (DAT) positivity is one of the hallmarks of
AlHA, it was also demonstrated to be associated with advanced
disease [2] and poor prognosis [3] independent of hemolytic
anemia in CLL patients [3]. Here we present two CLL patients
with AIHA whose DAT results became negative shortly after
receiving bendamustine-rituximab (BR) chemotherapy.

Case 1

A 69-year-old male patient who was being followed without
treatment for CLL in Rai stage 2 for 6 months presented with
abdominal pain and jaundice. Laboratory tests were as follows:
leukocytes: 55,140/uL, lymphocytes: 51,240/ul, hemoglobin:
5.3 g/dL, platelets: 46,000/uL, indirect bilirubin: 2.89 mg/dL,
haptoglobin: 2 mg/dL, lactate dehydrogenase (LDH): 1585 UJL,
and DAT positive for Immunoglobulin G (IgG) (no titer provided).
Imaging studies showed compressing conglomerate lymph node
masses in the abdomen. The patient was started on steroid and
BR treatments. The hemoglobin value rose to normal levels and
DAT became negative after 3 cycles of BR. The patient received
6 cycles of BR chemotherapy and steroids were interrupted at
the 5™ month of treatment. The patient has been followed in
remission for 1 year.

Case 2

A 75-year-old female patient who was being followed without
treatment with the diagnosis of CLL in Rai O stage for 8 years
was admitted due to weakness and fatigue. Laboratory tests
were as follows: leukocytes: 78,840/uL, lymphocytes: 67,020/uL,
hemoglobin: 6.3 g/dL, platelets: 255,000/uL, indirect bilirubin:
2.58 mg/dL, LDH: 504 U/L, haptoglobin: 1 mg/dL, corrected
reticulocyte count: 5.20%, and DAT positive for IgG (4+). The
patient was started on steroid treatment and subsequently BR
therapy was added due to increased lymphocyte doubling time.
After the first cycle, the DAT titer dropped to 3+. Hemoglobin
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value rose to normal levels and DAT became negative after 3
cycles of BR. Steroids were ceased at the 7" month of treatment;
The patient completed 6 cycles of BR and has been followed in
remission for 1 year.

While the standard approachin CLL patients with AIHA issteroids,
systemic chemotherapy is recommended in refractory cases and
in patients requiring treatment for CLL [1]. Although first-line
therapy in CLL patients is the fludarabine-cyclophosphamide-
rituximab regimen, the wide use of BR chemotherapy, especially
in advanced-age patients, has brought up the application of
this combination in patients with AIHA [4,5]. In a recent study
including 26 CLL patients who had AIHA and received BR, the
response rate was 81% for AIHA and 77% for CLL [4]. Similarly,
our patients also responded well in terms of CLL and AIHA. The
most striking point was that DAT became negative in a short
period of time (after 3 cycles of BR).

In conclusion, in addition to being a plausible option in
advanced-age CLL patients, BR seems to be an important
treatment of choice in terms of eliminating the poor prognostic
factor of DAT positivity and assuring safe cessation of steroid
treatment due to rapid achievement of DAT negativity.

Keywords: Chronic lymphocytic leukemia, Autoimmune

hemolytic anemia, Bendamustine, Rituximab
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Demodicidosis Accompanying Acute Cutaneous Graft-Versus-Host
Disease after Allogeneic Stem Cell Transplantation
Allojeneik Kok Hucre Nakli Sonrasi Akut Graft Versus Host Hastali§ina Eslik Eden

Demodisidoz
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To the Editor,

A 39-year-old female with acute myeloid leukemia was
admitted to our transplantation clinic with face eruption
without any pruritus. The eruption had occurred 28 days
after she underwent an allogeneic hematopoietic stem cell
transplantation (SCT). She was allografted with 6.12x10¢ non-
manipulated CD34+ cells from a fully matched sibling donor
after a conditioning regimen including busulfan (12.8 mg/
m?), fludarabine (150 mg/m?), anti-thymocyte globulin (30
mg/kg), and total body irradiation (400 Gy/day). Graft-versus-
host disease (GVHD) prophylaxis comprised methotrexate at
12 mg/day for 3 days and cyclosporine A at 75 mg twice
daily. No recent changes had been made to the medication.
Neutrophil and thrombocyte engraftment both occurred on
day 11. The toxicity related to the regimen was mild, being
assigned the first grade for oral mucosa according to the
Bearman scale [1]. The findings of the physical examination
were patchy and confluent erythema of the face, suspicious
for cutaneous acute GVHD. There were no other skin changes
except that of the palms and soles. Neither intestinal nor
hepatic acute GVHD occurred. Laboratory evaluation revealed
a white blood cell count of 12,000/uL, a hemoglobin level of
11.5 g/dL, a platelet count of 158,000/uL, and an absolute

neutrophil count of 8400/uL. A 4-mm skin punch biopsy was
performed [2]. There were lymphocytes and polymorphic
neutrophils that attacked hair follicles and two Civatte
bodies. Histochemically Demodex folliculorum was diagnosed
with PAS staining within the hair follicles (Figures 1A and
1B). Even with lymphocytes attacking hair follicles and
Civatte bodies suggesting GVHD, Demodex folliculitis can
mimic acute GVHD (Figures 1C and 1D). Demodicidosis was
treated successfully with local 1% metronidazole and 5%
permethrin. Methylprednisolone was also administered from
the beginning of the symptoms and the dosing was reduced
by 8 mg every week. The skin eruptions on the face and the
neck resolved on day +52.

Demodex folliculitis after allogeneic SCT is seen rarely and, as
far as we know, our case is the sixth reported case [3,4,5,6].
The most important differential diagnosis of Demodex
folliculitis within the first 100 days after allogeneic SCT is
acute GVHD. The infestation by Demodex sp. can be associated
with immune suppression. The differential diagnosis of facial
erythema after bone marrow transplantation includes acute
GVHD, drug eruptions, systemic lupus erythematosus, viral
exanthema, toxic erythema of chemotherapy, drug-induced
photosensitivity, and photodermatitis [3]. In our case there
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SCT because early therapy for a possible Demodex infestation
would prevent the progression of GVHD.
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imbruvica- o

(ibrutinib) kap

MERLIVICA™ Kisa (irin ul;u mw[l‘ll]mulhpﬂ_ mmwmmhn_mnmmk-m mlmnumumu
'y Erkl melantamas) Beutinlh gueli bir kovadent BTE (Broton teazin kinam| InbBittiridun ENDIKASYONLARI: IWERLIMCA en az 3 kil ritcksinab v alkilieyiel ajan h«nhlna'swm soneas] ks eden veya direngll olan veya atelog kok hikcre pakli sonras mm mmnmau lenfomada (MHL] endikedr. IMBRUVICA,
vt 70 ymg v i voym Cumettie flineas Mt Scale (€159 58 o oty ve il besanak tedaviye ywits i kol tenfoslth (et L) hastalarinda it basemsk tedervide, 70 gas Geert olup iy drmryan cel T TH51 buurian KL
- CIRS2 6 olup b d dol 1 7prTPE3 KL abgularinda dk fike s ik du CERS & olbup b fars KLL hastal; ‘lum <
diiineii basamak, tedavide endikedi. Ddl?‘nl'wﬁlmnmidﬂ.t i > =N00'dir. I‘QIDI.!L"'\‘! U‘\‘mﬂlﬂ ﬂu Hac il tedai, hekims tarafindan haq.lal.i!ml.l \l!gmleml'lrm& llh.ﬂ.ma.ll:llr Mandzlﬁudl Lenfoma (WHL) i & NBRIANICA
mm’dn!wmndmlemﬂ]. i MRRINICA, gl {140 mg Uk UG‘GDSUU Teddavl hastali progr i by tarafindan KONTRENDIKASYONLARI; EWNMMIWNQMWW
At Jnnn'swm l unlrl«tewmtnhmmmmlm LIYARILARIONLEMWLER: Kaeviena {1kili kiar IMBIAUNICA le tedat exlon hastalrda, Barir arasinda kontikzyon,
e busun kanaemas e petest gibl Gosmasz b 1 Intrakeantyal henatiin gibl bazilan dimciil otan, brmlhtmdnnohytﬂnw.ll‘. Warfarin ya da difier K itamin antagonstben IWBRUVICA fie o zamanls olarak kullssbmarabidic. b yod, E vitamint ve heten et gibd gda takviyeler de
- Troembosit ey laglarn you dn diger i arlan hastalards #ABSUIAC A kanarma riskini Kenjenital kanama diyaberi olan hastalar nosenmemistir. MWN[J!MIMI ve kanama
i riskine bagly clarak., cerrall dnoesinde ve soovasiida en az 3 fia 7 gun kesilmedidin. WBRLVICS e tedant edien hastalards Wikostaz vakstan ildickabie. IMBRUVICA tedavision gecicl olarak ars verilmes| Fastabar yakindan Ghenmelidin, Belimilod sekide hicrason ve veya storediksson daid, destakleyic bakin
uyglanmalide, IMBRUVICA e tedavi edilen hastilarda snfebshyonla ghzlenmistin (sepsk, notropenil sepsis, bakter, vins ya da mantar enfessiynlan), Buunfehsl;-mlmn hazilan hastaneye yatma vewhﬁs sonaliningie Hastalar ates, wmpenl we enfeksipontar agmindan lﬂmell ueondn olckafuanda g anti- mﬁﬂ:tl‘f tedad A
HRUVICA e [ —-—-n-!-,\udn-tmenlﬂrnuum dopeda bir tam WERLIVICA e ted; ung:r i) Hastalar, [AHna et ed it
iehmmet ve k arn vorilmeli ve i Ariyal fibritaspon fatriyl carpmt, theellibbe kardiynk ris fahearler, ok atriyad fiaril iiyiisii MBRINICA il o adileon b wwrmrtwwww %
wamint bildiniloistin Bastalar atriyal (ibilason agmndan perivodik olamk Kink gizlom sttnda ninimalde, Tk s wndmm WERLWCA todivisinds WArInvistl, Timde lzes sendroimwi riski tasiyan hastalar, tedavt B it ikl lewle olan hatalardi, Rastalar yakmdan tnhlp ednmdl it iy finbermler alwnahdin, i
GESELIK. VE LAKTASYON; Getellk nategorist; T Cocuk doguns poarmael] balunan kadular/ Dogun kantrol iskin yetsni vers meveut m mmlar iizeriad yaphan hm dineml; IMERLIYICS
gebeli weya laktasynn srasnda kullanimamabe. Fertfite: irutinibin iran fertfites: deecne veri (el popi L ikl ok bigiler: Bibred ik Ihrad!er - ibrstiniy ] B karacifer yetmerlsy
warier bt Tl e L Tt Tszialsghy olivn Pas Lakar INERLIVICA mn ki, Pudiyatr mﬂunmwmalll ux i il cotana Geirlyatr i popish 165 e vt
dsti) doar ayarl dedileir. Ara Jine ok i itk athiler: WBRUVICA kidlanan bax hastalarda yorgusluk, b dinmess ve astent bildi it olup, bir hastamn i va da maiioo kullarma o ikt Todawi ! irgard o arag voya
makine kularmm konuseda dM olmahds [stenmeyen etidler: Givenblik profili, WERLVICA de tedand edilen nidks, direncl] veya v!lllﬂ!ll KLL, MHL, Vit gibi farih hastalikdar le yinitiilen dc fe 3, rasdomze diirt fax 3 klnik calpmads tedavi edilen 981 hastarm verilerinden ve pazarlama woras deneyimden =lde edilmistir. En
v giriden acvers fiag reabuyanian (> %2) diare, nstropent, hemaral (Gmegin mararma), b isbel , Endarts, olmusstur, £ yaygn Derece 3veya 4 advers ilag reaksyonlan (= $5) arasnch nétropers, padmenl, trombestopeni v febrd natropent yer almete, Rapor edilen advers flag reakstyonlan
1Kk gruaryda Gzetlennistie; Cab yaygn 42110 yoyem 1211100 Tla <1/A0F, yaysges cimayan {171,000 Tl <1/100]; sexnek (x1/10,000 Ra <1/1,000); cok seyrek {1 10,000), Enfekstpanlar ve enlestasyertar; Cok yaygn; Poliment, st solumum yolis sndeksiyon, Siwiat, Derl enfekshyeon, Yaygan; Sepsis, Driner sistem enfeasiyonu,
el gl ve kil huylu neoplazmalar (st ve polipler de dahil olmak Grere): Taygm, Hon-melanom it kanser!, bazal hikreli karsinom, shamdiz hiicrell karsinom. Han ve benl ssteml hastalilsr: q.nkvu.ypn wuupmn. mmmmpeﬂnm Fetwil pitropen!, Litkosiz, Lenfositoz. Dagikhih shtem) hastalidan:
Vaymir |n'=rwwv| akciar hastalid. Metabalizma v boslerme hastal bl ¥age; Timer lizis senoens, hiperrsemi. S ststem hastalidan: ok yaypn; Bag s, tayge: B dinmes, 6 oy Aihifer hastaliklar € ok yayg; Kanama, ik mosarmal
Taygn; Barun hanams, Petes, Hipertamstvon, Gastrointestined hastalar: Cok yayam; Dyare, Kursma, Stomati, Bulmb, Kabnzid Deri ve deri aln ok hastalbiar: ok yayge: DGkintii, taygm; Urtser, Eritem, timak karimas. faypn olmeyan: anjfosdemn. Ka-sketet borukloblan, bad dokis ve ke hastalidar:
(mmm m]l Kas spazimiam, Kas- -isheles mfris1, Goenel hastalikar \-emﬂmhﬁmmmﬂm mmw o ey Pieebst, Periferis Gdem, B-tnicredl maligniteler igin IMBRUVICA e tedivd olan 981 hastaden B3 temelde acvers lag reakstonkara ion, prdmonl, atrial lltt&mwmwhmmnr mhmmmw kesmigtir,
yiren 981 hiaskaram M2 265 yu ve-derece +3 pnéimon yash tustalarda daha =k glzlemmiptir {265 yag hastalarn %13'tne karilik <65 yog hastalarm K1), Diger ibbi irinies e etklieymier ve difer ctiicyim: huthllpﬂmunhnk €1P34 enzimi fie metabolize ecir. MBAUVICAn glicki yn da orta dereoel

( v i .s", e bilir iy ut:l;lu i b | TP WABRLIVAC, w oyl wtkililikie aostmn raki ortays g IABRLIVIC & rn i el
CYPIAL = ilewr der ey zamanky b iien i clchug wel yararlar rararclen istie cldugunda dimii WICA dor agmmn rtldledne Hligkin veriler simrhdse. alarnt 2.5 g kg gim e kadar dezlar bullandas !I mp-m-.}
faiz 1 calismesenda maksimim telene adien bir dozs uasimamistn, IMBRLIVCATIN spesifi hlr mlldomwlur Cierilen dondan fazlasim alan hastalar yakinean el v Uy dasuuﬁl(i Ty albnalide SAKLAWA KDSULLARI- Or ) 30T i alondan oda sicsklpnda saklanne, RAF OMRDL 74 oy
mbalajin netelig ve igerigi: 90 ya da 120 sert kapeil iperen, gt emipesl kapakh HOPE pie. RUMSAT SANIBE Jonsan ond Juhnison S Mals. San. ve Tic. L. St Ertirk Soh. Figeli Plaa o: 11 Kavesk/Beyhos 15 TAMBUL L4310 Tel: (216 518 20 00 Faks: 0216 538 21 &% IV dabil PFS {2602, 2018 50 kapsiilbutus 17540837

120 Kaps AL 23870, 20 TL. “DAHAGENS BILG I FIRMANIZA BATWRUNIZ® URETIM YER Catalent CT5, LLE, Kaeas (g MBS, A, LK RUHSAT (9009, 201 RUHSAT MO 1004642 LBk YEN [LERME Tadibl; 07,04 2017,




SOLIRIS® Erigkinlerde ve Cocuklarda Paroksismal Noktiirnal Hemoglobindiri
Olan Hastalarin Tedavisinde Endikedir.*

Klinik Semptom ve Hemoliz Gﬁstergn Yiksek Hastalik Aktivitesi Olan Hastalarda
Klinik Fayda Kaniti, Transfiizyon Oykiisiinden Bagimsiz Olarak Gosterilmistir.!

LDH >1.5 x NUS* = =f= Asagidaki ilgili Klinik Semptomlardan En Az Biri

Anemi (Hb <10 g/dL)

Nefes Darligi (Dispne) <}

Major Advers Vaskuler Olay §

(Tromboz dahil) = = SR, BEE  — YA ~J gge Hemoglobiniiri

Abdominal Agn

Erektil Disfonksiyon ol

SOLIRIS®
300 mg/30 mL

Konsantre infilzyon gozeltisi

*MOS: Normal Ost Simie
Referans:
1. SOLIRIS® Kisa Orin Bikgisi (Onay tarihi: 12.02.2018)

"SOLIRIS® 300 mg/30 ml Konsantre infiizyon Gozeltisi

¥oBy ilag ek izlemeye tabidir. Bu u?geu yeni givenlilik bilgisinn hig elarak balirlenmesini saflayacakls,
Sagik mestegl mensuplannin saphell advers reaksiyonlan TUFAM 2 bildirmaien beklenmektedir,

el tib bl urLIRUn adi: SOLIRIS® (Ekulizumab) 300 mgf30 mi konsantre in Ia:)on“} zeltizi Waniiatif bllegimi: 30 mi'lik her bir flaken 300 mg ekulizumab igerir (10 mgfmi). Ambalajin lcertigh Konsantre infizyon czeltisi iceren bir adet flakon. Teraptik

30 L
Mmmmnqﬂ""
izumab
e uyguiant

andikasyoniar: Eriskinlerde ve cocuklarda paroksismal noktdmal bemoglobindr (PNH) plan hastalann tedavisi endikedir. Klinik semptom ve hamoliz Astaren yiksek hastalik aktivitesi oldn Iusl:llar:la kil ayda kaniti, transfilzyon dykOsinden bagimsiz
ula(-ak ﬁs stir. Eriskinierde ve gocuklarda atipik hemolitik aremik sendrom (aHOS) ular hastalanin \edav isinda endlked POW'DJI ve uygulama gel wulojb‘uyﬁulama siklig e slresiz PI‘H-{ '-] .aL anslc fa:l Hartallk 600 mexd
ir hastalar {=18 yas) dame fazi: Beginci haftada 00 mg, ardindan her 142 glnde bir 900 Haltahk 900 mgxd hafta. aH me Beginci_hafta E&

asta ) balslangg fazi MEK X

m ﬂdll\dal 14£2 giinde bir 1200 tng. PNH pedivalrik hastalar (<18 yag ) 240 kg baglangi; lazl Hattalik Eéﬂ mg)cl hdﬂa PNH p«l-ya‘nkiaslalar %ti(n 240 kg idame fazi: Begi nuhnfl;d.g_gﬂ" I"ﬁ arcmd -| hcr ikl h|1ln>d.| blr 200 g, dHUS

-dlya[nk hastalar (<18 yag) =40 kg baglange fan: Haltalk 200 mgxd hatta, aHUS pediyatlrik, Frastalar (=18 yag] 240 kg idarne faz): Beginei hattada 1200 m drdllléall her ikl haltada bir 1200 mg. aHUS H pediyatrik hastabar 30 ila <40 I‘%bu‘.lunﬁj

fazi: Haftalik 600 mg x 2 Fuﬂa aHUS ve pediyatrik hastalar 300ila <40 kg idame *L‘I Ur;l.nc.l Wafta:a "_/JD mg, ardindan her iki Raftada bir 50D m {05 we PNH pediyatrik hastalar 20 Lla <30 kg ba Ian%lg faz: Haftalsk 600 mg x 2 hi §
ve PNH pediyatrik hastalar 20 [la <30 kg idame fazi: Ucnned haftada 500 m H%:arumdan har (Wi hattada bir 600 mg. aHUS ve PHH ped| yatrik hastalar 10 |I« <20 kg bdglnngm'an Haftalix 600 mggel hafta, aHU PNH pedivatrik hastalar 10 (la <20
kg idame fazi: [kinch hattada 300 mg, ardindan her ik haftada bir . aHUS va Pl 1a <10 kg baslangig fazi: Hanalnc 300 mgxl hafta. al ila <10 kg |n:|rre faz: lkinci haftada 300 mg, ardindan
her iic haftada bir 300 mg, Egzamanli plazma tedavisinde ek SOLIRIS nnt I bilgi igmn KUB' bakiniz, i’ygulanla mg"nl m—'lsanl'asy\:nasmre. RIS® by
F.J.. ir infiizyon pormpas: .:r.::lllglyi:: eriskink 3 ik intravands infizyon yoluyla u h—.ul..

dzel bir dndemin erekll olduguna izaret ed acigar vel:n 2zl igh: Glvenliligi ve athilili rak
olmadikca, SOLIKIS® tedavisini haslal N yagami boyunca diva ilmakiedir, PNH hastaian, serum lakial de i JIL"i de d.:h:l
trombotil mllcrclan||y.;pa||'|m (TMA} bulgu ve belirtilen agisindan takip edilmelidir, Konvendlkasmlar ki mab, mirin proteinleri ya da diger yardime:
menmgmdls er;{eksl;mn olan hastalarc,a a%ama sonrasinda 2 haftaya kadar uygun antib arle profilaktik tadavi almamis ve hali hamrda NPISBE'I& 11 ningit!
e Men RIS® atil mekanizmasi geredl ciddl veya bl men|ngokokial enf jon  Fiakinde artica niaktadir. Bu nedenle hastalara SOLIRIS® hullarimindam en az ikl haft & freningokekkal
en[eksaynnlam Emrﬁk aruywcu a§| u,’gulamas- mutlak swretle {iplh‘l‘lﬂhdl[ ynca, asilama Sonrasmda iki ha‘tadan daha kisa siire igi nde SDL|R|§’ 1Eda\r|5|n|n baglanmasi sz konusu cldugu durumlarda ise &5 uygulamasing ilave olarak mutiaka ﬂ“nlrngDk
anleksiyonuna kar lp resmi kilavuzlar da por UﬂuﬂE alinarak antimikrobiyal kermopeofilaksi uygulanmalider, Mevcu' urumdn dart bilesanli (A, C. ¥ ve WI135) konjuy Ernelllng\nf‘k agisi mullaka yapilmalidic; drnca hQﬂJUFE meningokok B a
yapiimas da tercih él‘]l medidir. Botln bu dnlemisme ragme ngokokkal enie}c&run igin azilama yeterl| nlrr'asa iyonun erken bulgulan acesindan izlenmeli siyondan §LIpI‘|EIFnI
durumlarda acilen dederlendirilmeli ve gerokirse uygun aml arle edavi ed rn.n dir. OLIRIS® K igin_atilmas) gereken ddl milar konusunda bikg _udmlmelldlr
SOLIRIS® tedayisinin yararlarini ve risklerini h fla Rartigmall ve hastalara bil P m ha‘_ta given Bur a, PHH ve aHUS dahil kon
hastaliklan olan hastalann, altta yatan hastaliklanmin hemoliz (PNH) ya da TMA a dg U va b slenn e am yazanabilir. Bu nedenle, Gnerilen asilama sonrasinda hastalik bel an takzp ed:lme idir.
kontrendike oldugu veya \(apllamadlﬁl dururnlarda ve meningokok agis u\-%la.llamasnl takip eden \Ik i hafta sinde SOLIRIS? kullanan I"aslalara veya gerekli durumlarda tedavi periyodu boyunca anti ygulanmalidir Aynra
atki mekanizmas! geregs kapsull mlk.'uclrganlzmalara kars: verilen cava azalma olmasi I'IECIEI'II)|E buFun |q|r| kal"ll|a|'|l'|'|€l‘|'|l$ ocimakla birikte pndmokokkal hastalik riskinin de artmasi beklenir ve by sebeple pnomokak asis da dneriimekd

B yag)

-beslemeli, anjek
; Sinirli denéyim olmasina
avi 1 birakilmas: klinik olarak
|z bu U v belirtileri agisindan ldhl,: adiimelidir. aHUS hasl.aldﬂ.
obdugu bilinen hastalarda kontrendikedir, t{z: smemis Neisseria
1 kudlanim uyarlari

figoa takiban hir

lere kargi asin duyarlil
karg asilanmarmis hastalarda SOLIR 15 tedavisi baglatiimamal |d|r

RIS* kullanan tom ha“alar meningakokkal e
acllen libbl bakim alnu
e idir, .r\@l.m mandd ok Hie yoria neden olabilie

koau(lafda gocukiu qaglnda ru‘ll Konjuge |:c|c|mc t ast ?-F mast yapildi@ igin bunun sorg dnrlusl ha dnce prdmokak ags: ile agitanmamig kl?llerln bir doz kenjuge pnémokok ailsl le agilanmas: va tercihen en az sekiz hafta sonra da 23 bilesenli
altinda rutln 3 talk orguan Hemafil e tip B ve phémokok a sk 50 yaga uygun gekilde yaplmalidie, 'El olarak Geniglatilmis Bagigikiama Programina uygun ofarak

ilama ve takibi yapil ice SOLIRIS® dzanli {grip) asllan oimal Bnerilmelidir, Duger sistamik en EIT # + Etki mebanizmazindan dcla SOLIRIS® tedavisi, aktit slslerrlu: EI‘fEksITC.’\ ann oldufiy hastalara
u Ratll bdr gekilde uyg II'||I|I i, Hastalann enfeksiyonlara, Gzellikle kapsalla baklerllerin Ilbﬂbll eldugy cniefs t‘(‘|d|'i1 diryerl g arlnu% Olabllll rs'un reakayonlan: SOLIRIS®n Ii'\‘[il.hl‘l["!&l Infizyor reaksiveniarina va da mesujlk vtém d?{lrl duyarhlik
reaksiyonlarina (anafi aks de dahil) yol agabilecek |mmuno|en|s_teye neden olabilir. Siddetll infilzyon reaksiyonlar glirllen t0m hastalan; yEUlamasi durdurulmal va u i tedawi ug‘.,ulaﬂmallmr Antikoagllan t tedavisi

ir. SOLIRIS!

talar da benzer sekilde, LDH
fine kadar), SOLIRIS® tedavisi gran aHUS hastalan, trombosit
nde dozr ayarlamasl gE'exl oclabilir {her 12. gline kadar). Tedavinin blrakllmas‘ SOLIRIS*®
ddi hemolizin meydana geimesi durumunda, asagidaki iglernleritedavilar u;rgula'naw
zyon nrllm;a_ﬁ:I |asyon; kortikosteroidler: h{aﬂ da SOLIRIS® tadavisinin yeniden baslatil

antikoaglian tedavisini degistirmemelidir. Laboratuvar takibi; PMH hastalan, serum LDH dumy. da dahil Dl'nak lzere intravaskiler hemG
duznylnn alr,umm-c intravaskiller hemediz icin takip adiimelidir ve bu_hastalarda, idame fazi boyunca dnarifan 14 doz uygulamasi takwimi i
LDH ve serum kreatinin chl.m|EI'I 1] TMA in takip edilmali ] bu hastalarda, idame fazi bU nca fnerilen 1442 gin doz u
blr k.:n PMH hastalan, ciddi intravaskiler b ve belirl ﬁ_lundan en az 8 hafta unca izlenmelidir. SOLIRIS'
au cfinoniz: kan transfizyonu (paketlanmis eritrositiary ’\'-a i akis. slro'netrlmne ire PAH eritrositlen toplam eritrosstierin %50'sind; ig;— !
SOLIRIS™ tedawisini birakan aHUS hastalan, siddetli TMA Ifnm likasyonlannin bulgu ve belirtil Ien a;lﬂlndan Bk |ndan izlenmek dlr lzteme, SGLIR |n hlramlﬂ*asmuan sonra a S nastalannda siddetli TMA komy |kasynn|?f|n| énlemek veya dnglemek qlrl
yetersiz kalabili, SOLIRIS™in beakiimasindin sonra cid kamplikasyonlan orta’ .3 gikars. Sv 3_; i POy akim ya da diyaliz lle bobrek destedy, me -uk wentilasyon ile solurum c_slcgr &
antikoaglilasyon igeren LN, OfgEna speslhk destekleyici :nlemler dogindlmelidir. al inlk éal.ﬁmelarlnda SOLIRIS 'edaulsln in hrak(lmaslr.l lak ben 4 hafta gibi erken bll dinemde ve 127 haftaya kadar TMA komgllnas{unlan zienmisl l.r
Yarchmel maddeler: SOLIRIS® her bir fa:cunda 5 mmel sodyum ikfiva eder, Bu durum, kanimll.l sodyum dlwtlrde olan hastalar iginde gz Gninde bulunduulmalldlr %?er tibbi iiriinier ile eﬂ:lleslmler e m{nr etkilesim $eklllen IRIS® fla heﬂ'argl
bir etkilesim ¢aligmas: )\'Aprlmamug.m gncu oﬁrma potansiveli bulunan kammarﬂ',)ogum kontrolu ntrasepsiyon ofurma pekansivell bulunan kadinlan siraunda ve tedayi itiminden 5 ay sonrasing Kad: kil degum kontrel yonten|
kullanmasi gzre-mektudlr Gebelik dénemi: SOLIRIS® gebelik déneminde sadece kesin olarak gerakli oldugu urumia kulfunl rnalldl' Laktasyon ddnemi: Eku IJ:uma{nn san sitdyle atilip all|deI°I bilinmemektedir. Bi L, bi Girdn ve |mmunoblc.,.lllr'
insan sOtne gactigin dcu we amzirlen bebeklerds ciddl advers rrakﬁ.lyﬂ alazilif bulundugundan, tedal sirazinda ve tedayl bitiminden B ay sonrasina kedar r'n.hrmcyu ara maludir, Arag ve makine kullsnimi Gzerindeki otk Etkizi bislunmamakiadic y\.‘.\
da ghz ard E |Ie f kisi bolunmaktadir. 1stenmeyen Eﬁ“?}g n yaygin bild ﬁ—en advers reaksiyon; Ba; a ns: ve tim meningokokkal enfeksiyoniardan en slk bildirilen ciddi advers reaksiyon meningokokkal sepsistir. Gok yayglr. an etkiler {1710} Ba
t sl rar yolu enfeksiyonu, Hgﬁda uguk, LBkopeni, Anemi, Insomnia, Sersemlik hali. Tat alma duyusunda bozul u r Iosnanslynn _Clksun.h
Orofaringeal a sma, Bulanti, Abdemina agn, Dokintd, Kaginti, Alopesi, Artralji, Miyad kstremltelime i, Ate: erma, Yorgunluk, Grip benzen hastalik. Advers reaksiyonlanin tam listesi igin Kl NH wa aHOS Kinik
galismalari da K qallwalarda en ciddi advers reaksiyon meni kal septisemidir. li-hastalann %:2'sinde ELISA yin temi kullamiarak ve aHUS'0 hastalarn %3'Gnde ECL kdprid format tast I-wllarllaralc S{)LIR 15%e Wars) antikorlar
Beliflenmistir, F'I\H kllmk gangmalannda SOLIRIS® dazunun unutuldugy yz .smr.lmg. durumlarda hemoliz olgulan bildirilmiztir. ‘Ill 5 klinik caligmalannda SOLIRIS® dozunun unutulduge yo da gecikliildigi duramiarda TMA clgulan bildirilmistir,
P@dlymrlkmastalarda bildirilen enyay%M advers reaksiyon ba afinis) nm'}§cJ’ arkll pediyatrik \-'ag, alt pruplarinda givendjlik peoulre rinin benzer oldupu girimastdr. Doz agion: Doz agimi vakas: bildrilmemistir. Rat Bmrd: 30 ay, Seyrelnr BN SOMra, I:bhl
el hemen kullanilmabdir. Bununla birllkte kimyasal ve fizikse! olarak 2°C - 8°C'de 24 saat stabil kaldigi gosterilmistic. Saklamaya yonelik azel tedbirler: 2°C - B°C arasinda Lu:dnlabmda saklayime. DFnd Lrmayiniz. |5iktan korufmak icin afi |||a! ambal|
s.aila;lnlr Llrg:nal ambalajindaki rlakmlar;asmma bir kez en fazla 3 ginllk bir sOre icin I}uzdalanlndan %karllabl iir. Buy siirenin sonunda Orin teksar buzdolabina konulabilir, Hunsa[ sahibi; Alexion llag Ticaret L'd Sti. Boyikdere Cad. Akar Len"r
1 min Kai 4394 Esenre':e $i§'| Istambul Tel: +9L§ Faks+20(0)212 355 54 29 Ruhsat Tarihi ve Numarasi; 0.2015 - 2015/806 Gincel KUB ol sy taril 12.02.2018 I( B dzeti onay
05.06.2018 torih | bariyle Perakende Satig Fivat)
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Versiyonu: acuklann ulagamayaca 3 erde we ambal mnda &1k|anm\1| dlr SOLIRIS® Risk Yonetim programm ve Kontrolid dagtim kapsaminda
|I] SDL!H IS" {E ullzun‘.ab] 00 ma/30m kensanire inf zyon ghzeltisi 22,719.96 TL, Daha genig bilgi igin firmamiza bagvurunuz. www.akexionpharma.com.tr
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* Shpheli advers resksiyontan n raporlanmas

Ruhsatiandirma sonrasi ﬁlph =il ilag advers resksiyonlanmin raﬁnr.anmasl biyik dnem tasimaktadr. Raporlama yapllmaﬁl |.ac|n Earar risk dengesinin smek. olarak izlenmesine olansk saffler. Safilik mesiefi mensuplanimin herhangl bir slpheli advers reakisivonu
Tiitkiye Farmakovijilans Merkezine S TUFAM) bibdirrmeler perekmektedir (waw. tick govlr; e-posta: tulam@itck gov 4 00 08; faks: 0 312 218 35 59),
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W Bui ilag ek izlameye tabidir. Bu Gggen yeni givenlilik bilgisinin hizli olara'k belifenmesinl saflayacakti. { e k u (] Zum
Saglik meslegi mensuplannin sipheli advers i 1 TOFAM'a beklenmektedir.
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'SOLIRIS®

(ekulizumab)

Eriskinlerde ve cocuklarda
paroksismal noktirnal
hemoglobiniiri (PNH) olan
hastalarin tedavisinde
endikedir.

Klinik semptom ve hemoliz
gosteren ylksek hastalik
aktivitesi olan hastalarda

klinik fayda kaniti,
transfiizyon dyklsiinden
bagimsiz olarak
gosterilmistir.

Eriskinlerde ve ¢ocuklarda
atipik hemolitik Gremik
sendrom (aHUS) olan
hastalarin tedavisinde
endikedir.
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ALEXION

*W Bu |lag ek izlemeye tabidir. Bu (i ni giivenlilik bilgisinin hizli olarak belidenmesini sajlayacaktir, Saglk meslegi mensuplarinin
fipheli advers reaksiyonian TUFAM'a bild emklmm ir.
Eewi ibbi Griindn adi: SOLIRIS® (Ekulizumab) 300 mg30 ml kensantre infiizyon cézeltisi Kantitatif bilesimiz 30 mllik her bir flakon
300 mg ekulizumab feerir (10 mgimi). Ambalaﬂ’ln i; Konsantre infiizyon &Eelhsntef(en bir adet flakon, Terapatik endikasyonlar;
Eriskinlerde ve gocuklarda pamksismal noktdmal obintir (PNH) clan hastalarin tedavisinde endikedir, Klinik semptom ve hemoliz
ghsteren yilksek hastalik aklivitesi olan hastalarda klinik Bagda kanity, transflizyon ykiisinden bagimsiz olarak gisteniimistir, Eriskinlerde
ve cocuklarda abipik hemolitik fremik sendrom (aHUS) olan hastalann tedavisinde endikedir. i ve ama gd[:
Pozolojiuygulama siklig) ve stresl: PNH ariqklnhashlar[alaﬁj baglangic fazi: Haftalik 600 mgx 4 hafta, PNH enskin hastalar (=
18 mﬁl ame fazi: %e;.inci haftada 900 mg, ardindan Rer 14 + 2 ginde bir 900 mg. aHUS eriskin hastalar (=18 f‘a:) ba:iar?;
fazi: Haftalik 900 mg x4 hafta. aHUS eriskin hastalar (=18 yas) idame fazi: Besinci haftada 1200 mg, ardindan her 142 giinde bir
1200mg, PNH pediyatrik hastalar (<18 yas) 240 kg baslang fazi: Haftalk 600 mgx 4 hafta. PNH pedivatrik hast alar (<1 B
ya 51 240k g idarme fazi: Besinci haflada 900 mg, ardindan her ik?ﬁaftada bir 900 mg. aHUS pediyatrik hastalar (<18 yas ) 240 kg bﬂ
ang; faz: Haftalik 900 mg x 4 hafta. aHUS pedlaah'ikhaslala'{clﬁya;) 240 kg idame faz|: Besinci haffada 1200 mg, ardindan her |
haftada b 1200 mg. aHUS ve PNH pediy atrik hastalar 30 il a <40 kg basl angi faz: Haftalk 600 mg x 2 hafta. aHUS ve PNH
pediyatrik hastalar 30 Ila <40 kg idame faz; Uglined haftada 900 mg, ardindan her ikl hafteda bir 00 mg, aHUS ve PNH pediyatrik
hastalar 20 ila <30 kg baslangic fazi: Haftalik 600 mgx 2 hafta, aHUS ve PNH pediyatrik hastalar 20 ila <30 kg idame fazi: Ugiinci
haftada 600 mg, ardindan her iki haftada bir 600 mg. aHUS ve PNH pediyatrik hastalar 10 jla <20 kﬁgmsl ¢ faa; Haﬂallkﬁm%
%1 hafta. aHUS ve PNH pediyatrik hastalar 10 ila <20 kg idame faz : lkincl haftada 300 me, ardindan her iki haftada bir 300 mg. aH
ve PNH pediyatri k hastalar 5l a <10 kg baslangig fazi - Haftalik 300 mgx 1 hafta, aHUS ve F‘NHgdLifaLrik hastalar5ila<10ﬁlidarne
faz|: Ikinei haftada 300 mg, andindan her O¢ haftada bir 300 mg. Efa anli plazma tedavisinde ek SOLIRIS® dozu gereklidir, aynnbl) bilgi
icin KUB'e bakiniz. Uygulama gekli: 5 mgml konsan seyreltilir. Seyreltilmis SOLIRIS® cozeltisi, bir kimi-beslemeli, enjeldor
tipi pompa va da bir inflizyon pornpasi araciligivla, eriskinlerde 25-45 dakikalik ve pediyatrik hastalarda 1-4 saatlikintravendz infiizyon
%gluﬂa lanmalidir. Hastalar infizyonu takiben bir saat izlenmelidir, Germyatrik popilasyon: Sinwrl deneyim olmasina karsin
el bir Gniemin_gerekli olduguna isaret eden herhang bir kanit meveut n%n ir. Karaciger yetmezligi: Givenliligi ve etkililigi
incelenmenmistir. k yatmezligi: Doz ayarlamas gerekli degildir. Tedavl takibi: SOLIRIS®'in birakilmas: klinik olarak endike olmadikga,
SOLIRIS® tedavisinin hastanin yasam| boyunca devam eftiriimesi Gnerlmekiedir. PNH hastalan, serum laklat dehidrogenaz (LDH)
dizeyleri de dahil olmak Gzers iniraveskiler hemoliz bulgu ve beliilen apisindan takip ediimelidir, aHUS hastatan, trombotik
mikreanjiyopatinin (TMA) bulgu ve telirtiler agisindan takip edilmelidir. Kontrendikasyonlar: Ekulzumab, mirin proteinieri ya da dig
Erdlmm maddelere karsi asin duyariiid oldugu bilinen hastalarda kontrendikedir. vilesmemis Neisseria meningitidis enfeksiyonu olan
stalarda, aslama sonrasinda 2 haftaya kadar uygun antibiyotiklerle profilaktik tedavi almamis ve halihazrda Neisseria meningitidis'e
kars! asilanmamis hastalarda SOLIRISY tedavisi baslablmamalidir, Ozel kullanim uyanlan ve Gnlemler: Menin | enfeksiyon:
IRIS® etki mekanizmas| geredi ciddi veya dilimclil meningokokkal enfeksiyon riskinde artisa neden olmaktadir. Bu nedenle hastalara
SOLIRIS® kullarmindan en az iki hafta Gnee meningokokkal enfeksiyontara kargl koruyucu asi uysulamas mutlak suretle yapiimalidir,
Pyrica, asilama sonrasinda ki haftadan daha kisa siire iginde SOLIRIS® tedavisinin baasnmrrli;m oz konusu oldugu durumiarda ise asi
wygulamasina lave olarak mutiaka meningokok enfeksiyonuaa karsi, ilgili resmi kil da giz Gnine alinarak antimikrobiyal
kemoprofilaksi uygulanmalidr. Meveut durumda dért bilesenli (A, C, Y ve W135) konjuge meningokok asisi mutiaka yapdmalidir; aynica
konjuge meningokok B asisinin J)llmasu da fercih edilmelidir. Bitin bu 6nlemlere ragmen meningokokkal enfeksiyon igin asilama yeteri
olmayabilir. Bu nedenle SOLIRIS® kullanan tiim hastalar meningokokkal enfeksiyoriun erken bulgulan agisindan [zlenmeli, enfeksiyondan
sliphelenildigi durumiarda acilen degarlendiriimeli ve gerekirse uygun antibiyctiklerle tedavi ediimelidir, Aynca SOLIRIS® kullanan hastalar
bu bulgu ve belirtiler ile acilen tibbi bakim alinmasi igin atilmasi gereken adimlar konusunda bilgilendiriimelidir. Hekimler SOLIRIS®
tedavisinin yararlarini ve risklerini hastalarla tartismall ve hastalara bilg broslnd ve hasta giivenlilik bilgisi kart vermelidir. Asilama,
komplemanda ek aktivasyona neden olabilir. Bunun sonucunda, PNH ve aHUS dahil kompleman-aracili hastaliklan olan hastalann, altta
vatan hastaliklannin hemoliz (PNH) ya da TMA (aHUS) iinhi bulgu ve belirtilerinde artis yasanabili. Bu nedenle, onerilen agilama
sonrasinda hastalik belitileri agsindan hastalar yakindan takip edilmelidir. Asinin kontrendike oldugu veya yapilamadigr durum larda ve
meningokok asisi Uygulamasini takip eden ilk [k hafta icersinde SOLIRIS® kullanan hastalara veya gerekli durumlarda tedavi periyodu
boyunca antibiyotik profilaksisi uygulanmalidir. Aynca SOLIRIS®in etk mekanizmas: geregi kapsllil mikoorganizmalara kars! verilen
cevapta azalma olmasi nedeniyle bugilin icin kanitianmamis oimakla birlikte pnimokakkal hastalik riskinin de artmasi beklenir ve bu
sebeple pnomokok asisi da dnenimekiedir. Meveut kosullarda cocukiuk cadinda rutin konjuge pnomokok asi uygulamasi yapildign igin
bunun sorgulanmasi, daha dnce pnomokok asts! ile asilanmamis kisilenn bir doz hon|uge pnemokok assi ile asilanmasi ve tercinen
en az sekiz hafta sonra da 23 bilesen|i polisakkarit pndm agist ile asilanmast cnenimelidir. Alti yas altinda nutin asi takvimi
sorgulanmali, Hemafilus infiuenza tip B ve pnbmokok asis! eksik ise g'gsa uygun sekilde yapilmalidir. Ek olarak Genisketilmis Bagisiklama
Programina uygun olarak astlarma ve takibi yapilmall ve ayrica SOLIRIS® kullananlann dizenli mevsimse| influenza (gip) asilar olmalan
da  dnerimelidir. Diger sistemik enfeksiyonlar: Etki mekanizmasindan dolay) SOLIRIS® tedavisi, aktif sistemik enfeksiyonlann cldugu
hastalara dikkatli bir sekilde uygulanmalidir, Hastalann enfeksiyonlara, Gzellikle kapsilld bakferilerin neden oldudu enfeksiyonlara
duyarliligy artmis olabilir. Infiizyon reaksiyonlari: SOLIRIS®in uygulanmasi infilzyon reaksiyonlanna ya da alerjik veya asin duyarlilik
reaksiyonlanna (anafilaksi de dahil) yol agabilecek imminojenisiteye neden olabilir, Siddetl| infiizyon reaksiyonlan gorilen tiim hastalarda
SOLIRIS® uygulamas: durdurulmal) ve uygun tibbi tedavi uygulanmalidir. Antikoag(ilan tedavi: SOLIRIS® tedavisi antikoaglilan tedavisini
degistirmemelidir. Laberatuvar takibi: PNH hastalan, serum LDH dilzeylen de dahil olmak Ozere intravaskiiler hemoliz bulgu ve befirtiler|
isindan takip ediimelidir. SOLIRIS® tedavisi ghren PNH hastalan da benzer sekilde, LDH diizeyleri dlciilerek intravaskiiler hemoliz igin
takip edilmelidir ve bu hastalarda, idame faz) boyunca Gnerilen 14 + 2 giin doz wygulamass takvimi iginde doz ayarlamasi gerekli olabilir
(her 12, F‘Jne kadar), SOLIRIS® tedavisi giren aHUS hastalan, rombosit sayimlan, serurn LDH ve serum kreatinin dlgimleri ile TMA igin
takip edilmelidir ve bu hastalarda, idame fazi boyunca énerilen 14 + 2 giin doz uysulamasi takvimi iginde doz ayarlamasi gerekdi olabilir
(her 12. gline kadar). Tedavinin burakilmasi: SOLIRIS® tedavisini birakan PNH hastalan, ciddi intravaskiller hernolizin bulgu ve belirtiler|
acisindan en az 8 hafta boyunca izlenmelidi, SOLIRIS* biraki|diktan sonra ciddi hemolizin meydana gelmesi durumunda, asagidaki
islemleritedavileri uygulamay disintnlz: kan transtlizyony (paketlenmis eritresiﬂer}yadaaklcsisilomarisineﬁjrc PNH eritrositien toplam
eritrositlerin %650'sinden fezla ise degistokus transfizyonu; a|1tlkna1gﬂlasynn; kortikosteroidler; va da SOLIRIS® tedavisinin yeniden
taglatiimasi. SOLIRIS® tedavisini birakan aHUS hastalan, siddetli TMA komplikasyonlarinin bulgu ve belitileri agisindan yakindan
izlenmelidir, lzZieme, SOLIRIS®in birakiimasindan sonra aHUé hastalannda siddetli TMA komplikasyon|anni Snlemek vieya ongdrmek ;gcin
yetersiz kalabili. SOLIRIS®in birakilmasindan sonra ciddi TMA komplikasyonlan oraya cikarsa, SOLIRIS® tedavisinin yeniden
baglatimasi, PD/P! ile destekleyici bakim ya da diyaliz ile bSbrek desteqi, mekanik ventilasyon ile solunum desteqi veya antikoagilasyon
iceren Lygun, organa spesifik destekleyicl énlemler distindimelidir, aHUS Klinik calismalannda SOLIRIS® fedavisinin brakimasini
takiben 4 hafta gibi erken bir dénemde ve 127 haftaya kadar TMA komplikasyonlan gizlenmistir. Yardimcs maddeler: SOLIRIS® her bir
flakonda & mmol sodyum ihtiva eder. Bu durum, kontrollli sodyurn diyetinde olan hastaler iginde géz éniinde bulundurulmalid. Diger
tibbi Grilnler ile etkilesimler ve diger etkilesim sekilleri: SOLIRIS® ile herhang bir etkilesim galsmasi yapiimamistir, Gocuk dogurma
potansiyeli bulunan kadinlarDogum kontrold (Kontrasepsiyon): Cocuk dogurma potansiyell bulunan kadinlann, tedavi siresinda ve tedavi
hitiminden 5 ay sowasina kadar etkili dojum korttrol yonterni kullanmasi gerekmektedir. Gebelik dinemi: SOLIRIS®gebelik dineminde
sadece kesin olarak gerekli oldugu durumiarda kullanimalidir Lakiasyen dénemi: Ekulizurmabin insan sGtlyle atilip atimadig
bilinmemektedir. Birgok tibbi Oriin ve imminoglobulin insan stttine gectiginden ve emzinlen bebeklerde ciddi advers reaksiyon olasiligi
bulundugundan, tedavi sirasinda ve tedavi bitiminden 5 ay sonrasina kadar emzimmeye ara verilmelidir. Arag ve makine kullanimi
(izerindeki ethiler: Ethisi bulunmamakiadir ya da goz ard) edilebilir etkisi bulunmaktadir. kstenmeyen etkiler: En yaygin bildinlen advers
reaksiyon; bas agnsi ve tim meningokokkal enfeksiyonlardan en sik bildirilen ciddi advers reaksiyon meningokokkal sepsistir. Cok yaygin
yan etkiler (=1/10} Bas agnsi. Yaygn yan etkiler (=1/100 ila <1/10): Pnémoni, Ust solunum yolu enfeksiyonu, Nazofarenjit, idrar yolu
enfeksiyonu, Adizda uguk, Likopeni, Anermi, Insomnia, Sersemlik hall, Tat alma duyusunda bozukluk, Tremer, Hipertansiyon, Oksirik,
Orofaringeal agr, Diyare, Kusma, Bulant, Abdominal agr, Dokintl, Kasinb, Alopesi, Artralji, Miyalji, Ekstremitelerde agn, Ates, Urperme,
Yorgunluk, Grip benzeri hastalik, Advers reaksiyorlarin tam listesi icin KUB'e bakiniz. PNH ve aHUS klinik calismalari dahil tim klinik
ggl 1smalarda, en ciddi advers reaksiyon meningokokial septisemidir. PNH'll hastalann %2'sinde ELISA yontemi kullanilarak ve aHUS'IO
stalarin %3'Gnde ECL kaprii formati testi kullanilarak SOLIRIS®'e karsi antikorlar belirlenmistir. PNH Klinik galismalannda SOLIRIS®
dozunun unutuldugu ya da geciktirildigi durumlarda hemoliz olgulart bildirilmistir. aHUS Klinik calismalannda SOLIRIS® dozunun
unutuldugu ya da geciktirildigl durumlarda TMA olgulan bildiriimistir, Pediyatrik hastalarda bildirilen en yaygin advers reaksiyon bas agrisi
olmustur.” Farkh_pediyatrik yas alt gruplannda giivenlilik profillerinin “benzer oldugu gdrilimUstir, agimi: Doz agimi va%sl
bildinlmemistir. Raf &md: 30 ay. Seyreltildikten sonra, tbbi Orin hemen kullaniimalidir, Bununla birlikte kimyasal ve fizikse| olarak 2°C -
8°C'de 24 saat stabil kaldith gdsteriimistir. Saklamaya yonelik Gzel tedbirler; 2°C - BC arasinda buzdolabinda saklayiniz. Dondurmayingz.
Isiktan korumak igin orijinal ambalajinda saklayne. Orijinal ambalajindaki flakonlar yalnizca bir kez en fazla 3 ginlik bir sie icin
buzdolabindan gikanlabilir. Bu stirenin sonunda Oriin tekrar buzdolabina konulabilir, Ruhsat sahibi: Alexion Ilag Ticaret Ltd. Sti. Biiyikdere
Cad. Maya Akar Center 100~ 102 B Blok 2. Zemin Kat No: 5-6-7-8 34394 Esentepe — Sisli / stanbul Tel: +90(0)212 355 54 00 Faks:
+90(0)212 355 54 29 Ruhsat Tarihi ve Numarasi; 02.10.2015 - 2015806 Gincel KUB onay tarihi; 12.02.2018 KUB tizeti onay
tarihi: 01.10.201 8 versiyonu: 2.0. Cocuklarin ulasamayacaklan yerlerde ve ambalajinda saklanmalidir. SOLIRIS® Risk Yonetim am|
ve Kantrollil dagitim kepsaminda kisitlanmis regete ile satilr. 05.06.2018 tarihi itibariyle Perakende Satis Fiyat) (KDY dahil): SOLIRIS®
(Ekulizurnab) 300 mgB30 m konsantre infizyon gizeltisi 22,719.96 TL. Daha genis bilg) icin firmamiza bagiurunuz. wiww.alexionpharma.com.ir
*Siipheli advers reaksiyonlanin raporianmas
Ruhsatiandirma sonras: siipheli lag advers reaksiyonlarinin raperlanmiasi bilyik onem tagimaktadir. Raporlama yapilmasi, ilacin yarar/isk
dengesinin slrekll olarak [zlenmesine clanak sajlar, Saglik meslegi mensuplannin herhangl bir stpheli advers reaksiyonu Tdrkiye
Fannakﬁ;i]ilsl}sg fgg:kezi ne (TUFAM) bildirmeler gerekmektedir (wwwititck govtr; e-posta: tufam@titck.gov.tr; tel: 0 800 314 00 08;
faks: 0 312 99).
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