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AH13 as of June 20107 according to the protocol “JAPAN
CRITERION FOR AH13.” The mean age of Japanese patients
was 64.9 years. The incidence of AH13 has increased to a total
of 51 cases as of July 2014. It is important to note that the
mean age of the latest Japanese cohort is 70.4 years (unpub-
lished data), which is 5.5 years older than that observed
4 years previously. Aging may be one of the most important
risk factors of AH13, probably because of the loss of “self-
immune tolerance.” In fact, although approximately a half of
AH13 cases are idiopathic, the remaining half of the cases
have some underlying diseases, such as common autoim-
mune diseases and solid tumors,”® which are related to
immunological disturbance. These findings are consistent
with the author’s idea that as Japan becomes a super-aging
society, the number of AH13 cases will increase with increas-
ing awareness of this life-threatening condition in Japan.

ldwide AH Cases
o,pe rare in oIder literature,?'" and only

he algorlthm of laboratory tests, provided by an
expert panels

The following is based on ’the Japanese Criterion and
Algorithm of Laboratory Tests for Autoimmune Hemo(rrha)
philia due to anti-F13 Antibodies 2013 (a revised version of
JAPAN CRITERION FOR AH13 2012') proposed by the Japa-
nese Collaborative Research Group (JCRG) in February 2014.

japanese Criterion and Algorithm of
Laboratory Tests for AH13

Synonym of AH13

Bleeding/hemorrhagic disease/disorder due to acquired
inhibitor against F13, F13 inhibitor, acquired inhibitor of
fibrin cross-linking/stabilization, antibody/lgG against F13,
autoantibody/autoimmune antibody/inhibitor against F13.

Introduction

Autoimmune hemorrhaphilia due to Factor X11I/13 (EXUI, or
F13 to avoid confusion with FVIil and FXil) antibodies (AH13)
is a very rare life-threatening bleeding disorder mainly in the
older adult.'® It has been on the increase at least in Japan
where a superaging society has begun since the beginning of
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Table 1 Underlying diseases of AH13

A. Autoimmune diseases (SLE, RA, Sjogren syndrome, etc.)

B. Solid neoplasm (all types)

C. Myeloproliferative diseases

D. Lymphoproliferative diseases (including MGUS)

E. Associated with prolonged drug use (isoniazid, penicillin,
procainamide, antipsychotics, etc.)

F. Others (pregnancy related)

Abbreviations: AH 13, anti-F13; MGUS, monoclonal gammopathy of
unknown significance; RA, rheumatoid arthritis; SLE, systemic lupus
erythematosus.

the 21st century; a total of 51 Japanese cases with AH13 have
been confirmed whereas 32 non-Japanese patients were
reported worldwide (as of July 2014). The purpose of this
article is to provide an experts’ proposal for the criterion of
AH13 and the algorithm of laboratory tests to diagnose this
disease correctly, easily, and quickly (~Fig. 1).

Definition
AH13 is an acqmred (nonmhented) isolated defect/dlsorder

Major Symptoms
The clinical presentation of AH13 is variable from most
common multiple mucocutaneous andfor intramuscular
bleedings to somewhat rarer life-threatening internal hem-
orrhages. Patients may present with a sudden onset of
bleeding symptoms of varying severity, reflecting the diverse
coexisting conditions and pathological mechanisms, such as
neutralizing autoantibodies against: activated F13 (F13a),
inhibition of activation, accelerated clearance of F13 because
of binding autoantibodies to the A subunit (F13-A) or the B
subunit (F13-B) of F13, etc.

A standardized bleeding questionnaire, for example, the
condensed ISTH/SSC Bleeding Assessment Tool (BAT) ver.
2010% (~Fig. 2), would be useful for precise and objective
evaluation of such aforementioned varying bleeding symptoms
in cases with AH13. At the same time, the objective criteria for
major bleeding should be applied to these patients to avoid
overlooking serious hemorrhagic symptoms''7 (~Table 2).

Although about one-half of patients have been reported to
be idiopathic, a search for an underlying condition should be
made in all patients.

Criteria for Diagnosis
The AH13 should be considered in all patients who match
with the following conditions:

1. Recent onset of bleeding symptoms mainly in the older
adult.
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Fig.2 ISTH/SSCBAT 5 (slightly modified by A.L., A.T., and F.R. in November 2013). When epistaxis or cutaneous bleeding, or bleeding from minor
wound is disappeared by treatment, these symptoms must be scored *0” from a second assessment. Bleedings in multiple sites should also be
described in a free space at the bottom in the Japanese version of BAT (not shown).

Table 2 Definition of major bleeding'®'” modified by JCRG

A. Major (severe) bleeding:
1. Fatal bleeding, andfor

2. Symptomatic bleeding in a critical area or organ, such as intracranial, intraspinal, intraccular, tracheal, intrathoracic,
intraperitoneal, retroperitoneal, intra-articular or pericardial, or intramuscular with compartment syndrome, etc. and/or

3. Bleeding causing anemia with hemoglobin (Hb) level of 8 g/dL or less, or a fall in Hb level of 2 g/dL or more, or

4. Bleeding leading to transfusion of two or more units of red cells or whole blood.

B. Mild (nonsevere) bleeding®

All other bleeding episodes®

Abbreviation: JCRG, Japanese Collaborative Research Group.
2ISTH/SSC BAT should be also applied to evaluate patients’ clinical conditions.
bMultiple and/or painful hemorrhages at different sites should be considered to be serious and may require prompt hemostatic treatment.
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No family history of congenitalfinherited deficiency of F13.
. Lack of previous bleeding symptoms especially in associa-
tion with previous hemostatic challenges (e.g., surgery,
invasive tests, trauma, etc.).

Not on excessive medication such as anticoagulants and
antiplatelet drugs.

. Abnormality of F13 parameter(s) on laboratory testing.

. The presence of anti-F13 autoantibodies.

w

>

@ W

Laboratory Findings
Routine Coagulation Tests

1. Bleeding time: Normal in most cases but may be prolonged
depending upon the underlying diseases.

. Prothrombin time and activated partial thromboplastin
time: Normal in most cases but may be prolonged depend-
ing upon the volume of blood loss by preceding hemor-

underlying diseases.

N

s with anti-F13-A autoantibodies, but it is
normal in cases with anti-F13-B autoantibodies.

. Antigen levels of F13-A, F13-B, and F13-A,B;: The antigens
levels of F13-A, F13-B, and F13-A;B, are reduced to vari-
able extents depending on the types/properties of anti-F13
autoantibodies.

w

Definite Diagnostic Tests

1. Functional assay for F13 inhibitors: This is performed by
mixing studies using either the amine incorporation or
ammonia-release F13 activity assay. However, one must be
aware that these methods will only detect antibodies that
interfere with the F13 activation or the enzymatic activity of
F13a. There is a screening method for detecting F13 inhib-
itors; most popular 1:1 cross-mixing test of F13:Act between
the patient's and normal control plasma; five-step dilution
mixing test is also useful to discriminate a concave “inhibitor”
pattern from a straight “deficiency” pattern, as a cause of F13
deficiency. Serial dilution of the patient’s plasma can be
performed to determine the titer of inhibitors, just as the
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Bethesda unit for factor VIII/8 inhibitors, by measuring the
residual F13 activity after incubation.

2. Immunological assay for anti-F13 autoantibodies: This
must be performed as not all cases of AH13 are due to
the production of neutralizingfinhibitory anti-F13 auto-
antibodies. Nonneutralizing/noninhibitory antibodies
have been detected exclusively by (F13 antigen-antibody)
binding assays using an enzyme-linked immunosorbent
assay-based method, immune/dot-blot assay, (immuno-
chromatographic test), etc. Theoretically, it must be noted
that nonneutralizing autoantibodies without any harm
may appear in the circulation, as a mere coincidence
with hemorrhagic symptoms due to secondary acquired
F13 deficiency. In such a case, bleeding symptoms will
respond to treatment of the underlying disorder alone.

Therapeutic Trials|Additional Investigations

F13 Administration Trial

The diagnosis of AH13 may be clarified by therapeutic trials to
a certain extent. Accelerated clearance of F13 after infusion of
F13-containing concentrates is dependent on the pathogenic
mechanism and antibodies’ nature. It is also useful to make a
hemostatic plan in terms of subsequent dosage and dosing

nked (XL-ed) az-Plasmin Inhibitor
The plasma minus serum levels of a-Pl, that is, both the
amount and ratio of XL-ed a,-PI may be reduced if F13:Act is
decreased to < 50% of the normal,18 although it is not specific
for AH13.

Intraplatelet F13-A Level
The F13-A level in platelets is normal in AH13. This test
is useful to exclude the possibility of congenital F13
deficiency.

Thorough investigations for an underlying disorder asso-
ciated with AH13 should be made.

Appendix 1. Management of AH13

Fundamental Policy

AH13 is a complex disorder with multiple autoantibodies
against F13-A or F13-B that lead to various low levels of
both and/or either subunit of F13 (~Table 3). Because diverse
characteristics of patients’ antibodies, for example, inhibitory
or hyperclearance type, their target subunit or epitope region,
titer, and the severity of bleeding symptoms, each patient
needs individualized/tailored medicine. It is, therefore, diffi-
cult to give uniform, clear treatment guidelines for this condi-
tion. Patients with suspected AH13 should be referred to a
coagulation-specialist for management of any bleeding epi-
sodes, until the achievement of complete remission (~Table 4).
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Table 3 Treatment guide for AH13 (revised JAPAN CRITEION FOR AH13 2012) proposed by JCRG

A. All hemorrhagic acquired F13 deficiency

1. Prediagnostic hemostatic therapy: if DIC is absent, antifibrinolytics such as tranexamic acid are recommended, especially
for mucocutaneous bleeding (except for urinary bleeding), until hemostasis is achieved; 1-2 g/d orally or by intravenous
infusion.

B. AH13 (autoantibodiesfinhibitor-type F13 deficiency)

1. Hemostatic therapy: prolonged large-dose administration of F13 concentrates (because of the presence of neutralizing
antibodies and hyper-clearance type antibodies, larger dose than in cases with congenital F13 deficiency must be
administered). The increase in F13 activity levels must be confirmed whenever appropriate.

a. Severe bleeding (intracranial, intrathoracic, intraperitoneal, etc.): more than 50 units/kg (try to achieve more than 100% of
normal)

b. Minor bleeding (subcutaneous, intramuscular, etc.): more than 25 units/kg (try to achieve more than 50% of normal)
When hemostasis is obtained, replacement therapy can be stopped after 5 days or so (after confirmation of
the absence of “delayed bleeding”)

2. Antibody eradication therapy (immunosuppressive treatment): this “must” be started immediately after definite diagnosis of
AH13; if possible, before the administration of F13 concentrates. As there are extensive genetic polymorphisms in
the F13-A gene, one cannot exclude a possible occurrence of “boost or anamnestic reaction.”

lophosphamide, 1-2 mg/kg/d, or 100 mg/d

en refractory to the above therapy: 375 mg/m?2fwk

appropriate intervals). However, patients should be treated as chronic F13 deficiency to continuously
acement therapy, if her/his underlying disease is not curable. (If normalization of F13 activity is
or to decide when to stop F13 administration, F13 activity must be confirmed repeatedly.)

Hemostatic Therapy In addition, large doses are required to overwhelm inhibi-

When bleeding occurs or if any invasive praocedures including
surgery are planned, F13-containing concentrates should be
used (if not available in an emergency, fresh frozen plasma is
applicable), but in many cases the responses to these infu-
sions will be relatively short due to increased clearance and/
or inhibition of F13 by autoantibodies.

tory autoantibodies or counterbalance accelerated clearance.
Usually, larger doses than those regularly used for congenital
F13 deficiency are required. The administration of recombi-
nant F13-A to a patient with anti-F13-B autoantibodies may
boost an immune response (or anamnestic reaction) to
exogenous F13-B present in plasma-derived F13

Table 4 Criteria for response to comprehensive treatment proposed by JCRG

symptoms (order of months).

A. Immunological remission (complete response): total disappearance of autoantibodies against F13, F13 inhibitor and bleeding

It takes longer to normalize F13 activity and antigen.

autoantibodies remain (order of weeks to months)

B. Functional or laboratory remission (partial response I): disappearance of both clinical symptoms and inhibitor, but anti-FXIIIl{13

autoantibodies remain (order of days to weeks)

C. Clinical remission (partial response Ii): disappearance of only clinical symptoms, but anti-F13 inhibitory activity and anti-F13

therapy of antibodies.

D. Failure of response: no change in clinical symptoms. “Clinical remission” can be usually achieved by proper hemostatic
treatment and then patients advance to “Functional remission” and “Immunological remission” by successful eradication

Abbreviation: JCRG, Japanese Collaborative Research Group.
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Table 5 Definition of hemostatic treatment failure'® proposed by JCRG?

A. Overt bleeding; no change in blood loss {volume or rate) per unit time

B.-Hb; unchanged or decreased despite red blood cell replacement

C. Increasing dimensions of internal or organ bleeding on imaging studies

D. Evidence of continued bleeding after 48 h despite appropriate treatment (24 h if site is critical)

E. Bleeding at a new site while on hemostatic treatment

F. Increasing pain associated with hematoma despite hemostatic treatment

G. No change or increase in Bleeding Score assessed by the condensed ISTH/SSC BAT ver. 2010'> (~Fig. 2)

Abbreviation: JCRG, Japanese Collaborative Research Group.

“The efficacy of hemostatic therapy must be determined based on a decrease in clinical symptoms such as pain and swelling and improvement of anemia,
etc. The following signs indicate treatment failure in hemostasis, and thus repeat of treatment andjor change in modality need to be considered.

concentrates, that is F13-A,B,. Hemostatic therapy should be
repeated until overt bleeding is controlled (~Table 5).

Time after : F13 antigen

remission (mo) (mo):. S (mo) -~
Monthly Monthly
Every 2-3 Every 2-3

>12% Every 6 Every 6

Abbreviation: JCRG, Japanese Collaborative Research Group.
*To be continued for several years.

Table 7 Terminology

Attribute "l | Abbreviations.

Mature protein FXINIj13 or F13

Antigen FXIII/13:Agn or F13:Agn
A subunit FXIll/13-A or F13-A

B subunit FXill/13-B or F13-B

EXill-A homodimer
FXIi1-B homodimer
FXIII tetramer complex

FXII[13-Ag or F13-A;
FXINl/13-8, or F13-B,
FXIlI{13-AzB; or F13-Az8;

Plasma FXIIt pFXillf13 or pF13
Cellular FXUI-A cFXIlI{13 ar cF13
FXIIFA coagulant activity FXIlI[13:Act or F13: Act
Activated FXIIt FXIIl/13a or F13a
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Antibody Reduction Therapy
Plasma exchange or immunoabsorption could also be consid-
ered in emergency.

Long-Term Follow-up and Monitoring
It is imperative to follow-up patients regularly for several
years after remission'® (~Table 6), regardless of whether the
patient has partial or complete remission, as AH13 can
relapse and may result in sudden hemorrhagic death.

alloantibodies have been reported to date

Emerging alloantibodies should be suspected when bleeding
symptoms of patients become refractory to therapeutic dosing of
F13 concentrates. Although the diagnosis and treatment for
alloantibodies can be done similarly to those for autoantibodies,
one must pay more attention to a possible anamnestic reaction/
boosting effect to therapeutic exogenous F13.

Appendix 3. Note on Nomenclature

The nomenclature used for F13 and its properties are those
recommended by the factor X1lI/Fibrinogen Subcommittee of
the Scientific and Standardization Committee of the Interna-
tional Society on Thrombosis and Haemostasis.?® As errors of
the Roman numerals, such as VIII and Xll, are frequently
found in various papers and even in official documents, the
Arabic numerals are added or used in Japan, especially in the
clinical setting, for example, booklets and order sheets/forms
of commercial laboratory services, for clarity (~Table 7).

Conflict of Interests
The author has no conflict of interests.

Acknowledgments
This study was supported by research grants from the
Japanese Ministry of Health, Labor, and Welfare. The

author acknowledges Dr. Francesco Rodeghiero, Dr. Al-
berto Tosetto, and Dr. Paula James for their assistance in
slightly modifying the ISTH/SSC BAT ver. 2010.'> The
author also thanks Prof. Hau C. Kwaan for his critical
reading of the article, Ms. Yuriko Shibue for her help in
the preparation of the manuscript, and Prof. David Green
for his long-term discussion on AH13.

References
1 Kohler HP, Ichinose A, Seitz R, Ariens RA, Muszbek L. Factor XIII
And Fibrinogen SSC Subcommittee Of The ISTH. Diagnosis and
classification of factor XIII deficiencies. ] Thromb Haemost 2011;
9(7):1404-1406
2 MuszbekL, Bereczky Z, Bagoly Z, Koméromi [, Katona £. Factor XIII:
a coagulation factor with multiple plasmatic and cellular func-
tions. Physiol Rev 2011;91(3):931-972
3 Ichinose A. Factor XIII is a key molecule at the intersection of
cnagulg}ipn‘ﬁﬁd‘ﬁbringysis as well as inflammation and infection
control. Int J Hematol 20 (4):362-370
eld MW, Grant PJ. Subunit antigen
ulation factor XIII in healthy
g smokmg, and hypertension.
‘1999 19(8):2012-2016

d factor X111 (13) deficiency and
revisited, Semin Thromb Hemost

9 Lorand L. Acqu ed inhibitors of fibrin stabilization: a class of
hemorrhagic disorders of diverse origins. In: Green D ed. Anti-
coagulants Physiologic, Pathologic, and Pharmacolugic Boca
Raton, FL: CRC Press 1994:169-191

10 EgbringR, Kroniger A, Seitz R. Erworbene mhxhltoren gegen Faktor

X1 {German}. Hamostaseologie 1996;16:174-179

Inhibitor. of Factor Xil/13 Ichinose

11 Boehlen F, Casini A, Chizzolini C, et al. Acquired factor XIII
deficiency: a therapeutic challenge. Thromb Haemost 2013;
109(3):479-487

12 OgawaY, Mihara M, Souri M, et al. Complete remission achieved by
steroid pulse therapy following rituximab treatment in a case with
autoimmune haemorrhaphilia due to-anti-factor XIIl antibodies
(ePub ahead of print). Thromb Haemost 2014;112(4):doi: 10.1160/
TH14-04-0323
Sugiyama H, Uesugi H, Suzuki S, Tanaka K, Souri M, Ichinose A.
Aggressive fatal case of autoimmune hemorrhaphilia resulting
from anti-Factor XIll antibodies. Blood Coagul Fibrinolysis 2013;
24(1):85-89
14 Ichinose A, Japanese criterion 2012 for the diagnosis and treat-
ment of acquired hemorrhaphilia XIII/13. In: 58th Annual
Meeting of the Scientific and Standardization Committee (SSC)
of the International Society on Thrombosis and Haemostasis
(ISTH), June 27-30, 2012, ACC Liverpool (Liverpool, England);
Ichinose A: An update on Japanese criterion 2012 for the
diagnosis and treatment of autoimmune/acquired hemorrha-
philia X11I/13; a proposal of algorithm of laboratory tests and
differential diagnosis. XXIV Congress of the International Society
on Thrombosis and Haemostasis, 59th SSC Program, Subcom-
mittee session; June 29-July 4, 2013; Amsterdam RAI (Amster-
dam, The Netherlands)

Rodeghiero F, Tosetto A, Abshire T, et al; ISTH/SSC joint VWF and

Perinatal/Pediatric Hemostasis Subcommittees Working Group.

ISTH/SSC bleeding assessment tool: a standardized questionnaire

and a proposal for a new bleeding score for inherited bleeding

[

o

Baudo E Collins P H
utors. Management of bleeding in acqulred hemophilia A: results
from the European Acquired Haemophilia (EACH2) Registry. Blood
2012;120(1):39-46
Ichinose A, Souri M. Reduced difference of «,-plasmin inhibitor
levels between plasma and serum in patients with severe factor
Xl deficiency, including autoimmune hemorrhaphilia due to anti-
factor XIII antibodies. Int ] Hematol 2012;95(1):47-50
Huth-Kiihne A, Baudo F, Collins P, et al. International recommen-
dations on the diagnosis and treatment of patients with acquired
hemophilia A. Haematologica 2009;94(4):566-575
20 Muszbek L, Ariéns RA, Ichinose A; ISTH SSC SUBCOMMITTEE ON
FACTOR XIIL Factor XIII: recommended terms and abbreviations.
J Thromb Haemost 2007;5(1):181-183

%

©

Seminars in Thrombosis & Hemostasis




e ik MEE 2014, 25(4): 465-474

Factor Xlil
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Factor X1II

Akitada ICHINOSE

B BES XUV BF FXI &5 W FI3E, oy U elEbsh, 7470 V2 8EEa L TR
FET S LichoT, ZOERBERBEIEELBMEREZET S, FXIL-A Y722 v b (FXILA) &
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Key words: pleiotropic plasma transglutaminase, cross-linking reaction, autoimmune hemorrhaphilia, experts’
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