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1. INTRODUCTION

B- cell lymphoproliferative disorders are defined as clonal proliferations of B-
lymphocytes arrested at a specific stage of differentiation. These tumors are characterized by a
combination of clinical, morphological, and immunophenotypic features as well as distinctive
genetic abnormalities. Despite the fact that molecular pathogenesis of B- cell
lymphoproliferative disorders remains mostly unknown there are many known genetic
aberrations. Some of these abnormalities such as chromosomal translocations are associated with
a particular pathological entity; others include e.g. clonal immunoglobulin heavy chain gene
rearrangement. These clonal markers can be detected by modern techniques of molecular
biology. The most sensitive method represents polymerase chain reaction (PCR). Introduction of
PCR methods into the process of initial diagnosis leads to fast and precise diagnosis, which in
turn has important impact on further clinical management. The clinical significance of minimal
residual disease evaluation by PCR during the follow-up after treatment has been well
established in chronic myelogenous leukemia, however this has not been the case with
lymphoproliferative disorders especially non-Hodgkin's lymphomas. Complete remission can be
achieved in high percentage of patients, majority of those patients relapse; post-remission
management of B- cell lymphoproliferative disorders takes no account of the minimal residual
disease.

My doctoral studies have been conducted in molecular biology laboratory at |*
Department of Medicine Charles University General Hospital in Prague. This institution is one of
the centers of the Czech Lymphoma Study Group and has always been known for interest in
lymphoproliferative disorders. Patients with various types of malignant lymphomas are referred

there for diagnosis, consultation and therapy that includes conventional chemotherapy,



radiotherapy, high dose therapy with autologous stem cell rescue, and recently also
immunotherapy with monoclonal antibodies. The bone marrow transplantation unit was
established at | Department of Medicine in 1993 the doctors performed more than 500
autologous stem cell transplantations within a decade. The molecular biology laboratory
specializes in molecular diagnostics and monitoring of patients with B- cell lymphoproliferative
disorders.

The aims of my study were: first, to introduce the use of molecular diagnostics of B-cell
lymphoproliferative disorders into a broader clinical use; second, to evaluate the clinical
relevance of molecular diagnostics as well as monitoring of the disease by methods of molecular
biology especially PCR; and finally to assess whether there are differences among therapeutic

approaches in achievement of molecular remission and whether this in turn affects prognosis.



2. OVERVIEW OF LITERATURE

2.1. THE ROLE OF DEVELOPMENTAL STEPS OF B CELL DIFFERENTIATION
IN LYMPHOMA- OR LEUKEMIAGENESIS

B- cell nonhodgkins lymphomas (NHL) together with chronic lymphocytic leukemia
(CLL) represent a subset of a larger group of B- cell lymphoproliferative disorders (B-LPD) that
arise from a B lymphocyte. Since the vast majority of this study is dealing with patients with
different subtypes of NHL or CLL of B cell origin I will refer to those as B cell
lymphoproliferative disorders.

Generally lymphomas and leukemias are clonal expansions of single transformed cells
from the hematopoietic system. However, a number of so-called bimorphic lymphomas
(composite lymphomas) and biclonal leukemias with two phenotypically apparently unrelated
malignant populations arising in a patient either synchronously or metachronously have been
described (Fend et al., 1999). These neoplasms are rare, and are of therapeutic and prognostic
significance (Fakan et al., 1994).

The etiology of most of the B-LPD is unknown. Exceptions are neoplasms in
immunocompromised hosts where Epstein- Barr virus (EBV), Human Immunodeficiency Virus
(HIV) may play an important role. Individuals on immunosuppressive therapy e.g. after a heart
or liver transplant have 40-100 x higher risk of developing a NHL than normal population
(Friedmann, 1994). Other factors include e.g. a prior exposition to mutagenic agents (cytostatic
drugs, toxic chemical or radiation).

The cells of immune system are functionally heterogeneous and ubiquitous; therefore B-
LPD may develop in lymphoid tissue at different sites throughout the body. Tumors originating

in the bone 1narrow (BM). which is a central (primary) lymphoid organ, have been historically
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called leukemias. Tumors arising from the tissue of peripheral (secondary) lymphoid organs are
called lymphomas and can be divided into nodal lymphomas (coming from lymph node; LN) or
extranodal lymphomas (e.g. mucosa-associated lymphoid tissue, MALT lymphoma). Tumor
cells may travel from those original sites via the blood or lymph and if untreated they infiltrate
other organs. In solid tumors this process is referred to as forming of metastases. The set of
antigens or homing (adhesion) molecules on the cells surface dictates the actual localization of
the tumor cells. This phenomenon adds to the complexity of nomenclature and may lead to a
possible confusion. The term leukemisation of a lymphoma describes a situation when
lymphoma cells originally from an organ localization (LN) can be found in the peripheral blood
(PB). On the other hand some leukemias may present with a bulky disease, which means a large

concentration of cancerous cells in a particular organ (e.g. lymph nodes).

Figure 2.1: Events in B- cell development. (Harris et al., 2001). (FDC, folicular dendritic cell;
+ apoptosis)
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The development and maturation process of B cells begins in the bone marrow (see
Figure 2.1). Here, the "pre-B cell" arises from the "progenitor (Pro) B cell" following
rearrangement of the immunoglobulin heavy (IgH) and light chain genes (horizontal lines)
resulting in the expression of the whole immunoglobulin (Ig) molecule on the cell surface,
serving as an antigen receptor. The B- cell leaves the bone marrow, passing through the blood
stream and entering the peripheral lymphoid tissue. Here, the B cell migrates to the outer region
of the lymph node in the "primary" follicles and, later, to the follicle mantles. This differentiation
step is associated with the additional expression of immunoglobulin D (IgD). These IgM+/IgD+
B cells are known as "naive mature B cells". When these cells come into contact with antigen
(Ag), which can bind to their immunoglobulin molecules, they transform into proliferating
extrafollicular B blasts, from which short-lived plasma cells and "antigen-induced" or "primed"
B cells are derived. These "primed" B cells initiate and maintain the germinal center reaction,
during which they transform into rapidly proliferating centroblasts. During the mitotic
proliferation and differentiation of the centroblasts into centrocytes, somatic mutations in the
variable region of the immunoglobulin genes are randomly inserted (vertical lines). The
centrocytes with advantageous mutations (increased in the affinity) differentiate further, passing
out of the germinal centre into long-lived plasma cells or into "memory" B cells. The latter
remain in the marginal zone. As a result of the differentiation phases of B-cells and of the
somatic mutation process, 3 major different mature forms of B-cells can be identified: Naive
mature B cells (recirculating and sessile subtypes), germinal center B cells (centroblasts and
centrocytes), post germinal center B cells which include memory B cells and long-lived plasma

cells. From all of these different B cell forms, malignant B cell lymphomas arise, which



distinguish themselves clinically and which are characterized in their biological behavior not
only by the transformation event but also by the inherent characteristics of the cell of origin.

The histological and biological features have been reflected in the variety of evolving
systems lymphoma classification (Rappaport, 1966; Lennert, 1967; Bennet et al., 1985; Stansfeld
et al, 1988; Harris et al, 1994, 1999 and 2000). The current dogma views malignant
transformation as a multistep process of accumulation of DNA damage. A particular cell loses

control over regulation of growth, proliferation, cell cycle progression or apoptosis.

2.1.1 The VDJ recombination

Development of B lymphocytes is characterized by progression through a series of
checkpoints defined primarily by rearrangement and expression of genes for IgH and also light
chains (kappa or lambda, IgK, IgL). This process begins with assembly of variable-region (V),
diversity (D), and joining (J) genes (see Figure 2.2 and 2.3). The light chains are then assembled
from V and J elements. B-LPDs are caused by proliferation of a clone derived from a progenitor
at specific stage of differentiation that correlates with the stage of B- cell receptor (BCR)
development. The actual VDJ rearrangement results from a random recombination of germ-line
segments and produces an entirely new expressed Ig gene. On one hand it is a purely stochastic
process, not driven by any instructive or selective pressure and these recombination events are not
inherited. On the other hand the VDJ recombination is a highly orchestrated lymphoid-specific
process (Rajewsky, 1996). The many different V, D, and J segments in the germ line, and
therefore each B cell generates a particular set of genes for its heavy-chain and light chain regions
that differ from those of other B cells and encode a distinct antibody. These distinct
rearrangements also equip each B cell with individual, molecular clonal markers - an essential
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feature for the molecular analysis of B-LPDs. It has been shown that the expression of antibody as
an antigen receptor on the surface of B cells is not critical only for the development. but also for
the survival of B cells (Lam et al., 1997). In case the first IgH allele is rearranged out- of- frame
the process moves to the second allele. If the first rearrangement is productive the process of
allelic exclusion disables initiation of the recombination on the second allele through chromatin

remodeling (Johnson et al., 2003).

Figure 2.2: V(D)J Recombination in B-Cell Development (Kiippers et al., 1999).
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Similar actions continue on alleles for the light chains where 4 attempts are possible (2 for
kappa and 2 for lambda). The only surviving developing B-cells are those that acquired IgH and
IgL rearrangement that can be translated into protein because they preserve the correct reading
frame (“in-frame rearrangements”). Cells bearing out- of-frame VDJ rearrangements on both

alleles are subjected to apoptosis (see Figure 2.1).



2.1.2 The somatic hypermutation (SH)

Expressing an “innocent” B-cell receptor the B cell leaves the BM to become a mature,
naive (i.e., not yet exposed to any antigen) B cell. These B cells are activated through binding of
cognate antigen with their antigen receptors and interaction with T helper cells, they migrate into
B cell follicles of secondary lymphoid organs LN and establish so called in gerininal centers
(GC). In the GC the cells vigorously proliferate and activate a SH mechanism which specifically
introduces mutations to the V regions of Ig genes (VH genes). During this process nucleotide
substitutions are introduced into rearranged V genes. The mechanism of SH remains unknown,
but recently it has been described that hypermutation is associated with double strand DNA breaks
(Bross et al.,, 2000) The most favorable model suggest that an error-prone DNA polymerase

introduces mutations in proximity of the DNA breaks.

2.1.3 The class switch recombination

A fraction of GC B cells undergoes class switch recombination and thereby changes the isotype
of the expressed BCR, resulting in altered effector function of the antibody (Liu et al., 1996;
Maizels et al, 1999). Through class switching, the original the constant (C) region genes for
IgM and IgD are replaced by C genes for IgG, IgA and IgE located downstream from the V, D
and J gene cluster. The antibody specificity remains unaltered, but the effector functions of the
antibody are changed. The class switching takes place on both IgH alleles (Irsch et al., 1994).
The putative “class switch recombinase” is still unknown, but enzymes from VDJ recombination

complex are involved and double-strand DNA break repair is also needed for this mechanism.



Figure 2.3: Molecular processes modifying the genes encoding antibody molecules.
(Kuppers et al., 1999).
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2.1.3 Receptor editing

Receptor editing is a process by which an originally expressed antibody polypeptide
chain, usually the light chain, is replaced by another one. In the light-chain loci, receptor editing
is mediated by secondary rearrangements of the V region gene, usually involving upstream V
segments and downstream J segments. In this process, the gene encoding the originally
expressed light chain is deleted from the chromosome.

Autoreactive or weakly reacting cells are either removed by apoptosis or “edit” their

receptors also by means of secondary VDJ rearrangements (Wilson et al., 2000).

13



Figure 2.4: Ig-gene remodeling processes involved in chromosomal translocations.
(Kiippers and Dalla-Favera, 2001). Coding sequences of Ig genes are indicated in green. RSS
sites are shown in (a) and (b) as black squares, and RSS-like sequences in non-Ig genes in (¢) by
grey squares. Non-lg loci are shown in brown. In (g) bcl-6 is shown as an example of one of six
known non-lIg genes (bcl-6, Fas, Pax-5, Rho/TTF, c-myc and Piin-1) that undergo SH. While
bel-6 and Fas accumulate SH in normal GC B cells, hypermutation of the four latter genes is
restricted to DLCL. In (h), bcl-6 is shown as an example of one of the five known mutating non-
Ig genes that undergo translocations with breakpoints located in the mutation domain.
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2.2. THE REMODELING OF IMMUNOGLOBULIN GENES AND MALIGNANT
TRANSFORMATION OF B LYMPHOCYTES

During the course of immunoglobulin genes recombination occasional failures of these
processes occur and appear to play a decisive part in B-cell tumorigenesis through the generation
of chromosomal translocations into immunoglobulin gene loci. These chromosomal aberrations
recur within a specific clinico-pathologic category of lymphoma and are clonally represented in

each tumor case. They involve a variety of partner genes besides the immunoglobulin genes.



Chromosomal translocations derived from all of the stages of immunoglobulin genes
rearrangement (VD] recombination, class switch and somatic hypermutation) have been
described (see Figure 2.4 and Table 2.1). Typical translocations in lymphomas cause a
juxtaposition of proto-oncogene next to a constitutively active promoter or enhancer. The
common consequence of such translocation is the deregulated expression of a proto-oncogene by
either homotopic deregulation or heterotopic deregulation. Homotopic deregulation occurs when
the proto-oncogene is expressed in normal cells of the same tissue, but its regulation is changed
in the tumor. Heterotopic deregulation occurs when the proto-oncogene is not physiologically
expressed in the normal cells and becomes ectopically expressed as a consequence of the
translocation. The exceptions to the deregulation model are represented by the translocation
t(2;5) of T-cell anaplastic large cell lymphoma and the translocation t(11;18) of MALT
lymphoma, which cause gene fusions coding for chimeric proteins. Fusion proteins are typical
for myeloid leukemia where their presence leads to deregulation of processes including signal
transduction, transcription, apoptosis signaling etc. The outcome is however similar since a
particular cell with a disrupted control over the main biological processes gains and proliferative
or survival advantage over normal cells.

Another possible mechanism of lymphoma development is inactivation of tumor
suppressor genes such as p53, p/6 and ATM (Liggett and Sidransky, 1998; Westphal, 1997). The
loss of function may happen through deletion, mutation or promoter methylation of a formerly
active allele of a gene. It has been reported that in DLCL some of the genes are inactivated
through a SH, which was documented to target also non Ig genes (Pasqualucci et al., 2001) (see

Table 2.1).
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In recent years, the process of SH has been studied quite intensively and it seems that
antigen recognition plays an important role in the process of malignant transformation. And yet,
the different status of V genes mutation was correlated with prognosis of patients with several
types of B-LPD. Somatically hypermutated V region genes were found in follicular lymphomas
(Bahler et al., 1991), Burkitt’s lymphomas (Chapman et al., 1995), diffuse large-cell lymphomas
(Kuppers et al., 1997), MALT lymphomas (including monocytoid B-cell lymphomas and
marginal-zone lymphomas) (Qin et al., 1997), splenic lymphomas with villous lymphocytes (Zhu
et al.,1995), prolymphocytic leukemias (Davi et al., 1996), hairy-cell leukemias (Wagner et al.,
1994), lymphoplasmacytoid lymphomas (Aarts et al, 1998) and some B-cell chronic
lymphocytic leukemias (Fais et al., 1998). In addition, multiple myeloma, a tumor of plasma
cells or their precursors, consistently contains somatically mutated variable-region genes
(Bakkus et al., 1992). VH gene mutational status has been described to have prognostic value in
chronic lymphocytic leukemia (CLL). Patients with unmutated VH genes have worse outcome
than pts with mutated VH genes (Fais et al., 1998; Hamblin et al., 1999; Damle et al., 1999).
Less attention has been paid, however, to earlier steps of VDJ rearrangement including allelic
exclusion and their role in lymphomagenesis. The lack of allelic exclusion has been reported to

be higher in CLL than in normal cells (Rassenti and Kipps, 1997).



Table 2.1: Genetic aberrations in B cell tumors generated as mistakes of B cell-specific Ig-modifying processes (Kiippers and

Dalla-Favera, 2001).

Enzyme machinery

Type of molecular process

Examples

References

V(D)J recombination

Ig class switching

Somatic hvpermutation

1) translocation of oncogene to Ig (D)J locus;

2) deletions in oncogenes or tumor suppressor
genes;

3) transposition of genes into the Ig locus

1) translocation of oncogene to IgH switch
regions;

2) insertion of excised switch sequences into
other loci cvlin D1 in MM

I) translocation of oncogene into rearranged
V genes;
2) somatic mutations in non-Ig genes;

£ bel-1/1gH in MZL

+ bel-2/1gH in FL

+ a(TAL 1 and MTSI
in T cell leukemias)

£ bcl-2 in FL

£ bet-3/1gH in B-CLL
 bel-6/1gH in DLCL
% c-mvc/IgH in BL

+ FGFR/IgH in MM

+ insertion into

% c-mvc/lgH in BL
£ bel-6/1gL in DLCL
% bel-6, CD95/Fas in
various NHL

+ Pax-3, c-mvc, Pim-1,
Rho/TTF in DLCL

(Bakhshi et al., 1987;
Cotter et al., 1990)
(Jaeger et al., 2000,
Tsujimoto et al., 1988)

(Aplan et al., 1990;
Brown et al., 1990;
Cayuela et al., 1997)
(Vaandrager et al., 2000)

(Chesi et al.. 1997;
Gelmann et al., 1983;
Ohno et al., 1993;
Showe et al., 1985;
Baron et al., 1993;
Ye et al,, 1993)

(Gabrea et al., 1999)

(Migliazza et al.,1995;
Mueschen et al., 2000;
Pasqualucci et al., 1998:
Shen et al., 1998;
Pasqualucci et al., 2001)

3) translocation of mutating oncogene t bel-6, Pax-5, Pim-1, Rho/TTF  Pasqualucci et al., 2001

A

bbreviations: MCL: mantle cell lymphoma, FL: follicular ivmphoma, B-CLL: B cell chronic lymphocytic teukemia, MM: multiple mveloma, BL: Burkitt's



2.3. THE CHARACTERISTICS AND MOLECULAR PATHOGENESIS OF MOST
FREQUENT B- CELL LYMPHOPROLIFERATIVE DISORDERS.

2.3.1. Follicular lymphoma (FL)

Follicular lymphoma is a typical neoplasm arising from the GC cells that have interacted
with an antigen. The tumor cells are usually surface immune globulin positive, B-cell-associated
antigen positive (CD 19, 20, 79a). Lack of CD5 and CD43 is useful in distinguishing follicle
center lymphoma from mantle cell lymphoma and the presence of CD10 can be useful in
distinguishing it from other lymphomas such as marginal zone lymphoma (Harris et al., 1994).
Patients with FL represent about 30-40% of all lymphoma pts in industrialized countries with the
peak of incidence in the fifth or sixth decade. This makes FL the second most frequent type of
NHL. FL is a typical indolent lymphoma with approximately 57% survival at 10 years from
diagnosis (see Figure 2.5). The majority of patients with FL has disseminated disease at
presentation and remains incurable with conventional therapies. In addition up to 70% of FL may
convert into an aggressive disease with diffuse large cell architecture over time, which is usually
a deadly sentence.

The actual therapeutic approach depends on patients characteristics such as age, sex,
clinical stage (CS), number of extranodal sites, presence of BM involvement, bulky disease, and
so called B symptoms (unexplained high temperatures, heavy sweating at night, weight loss at
least 10% of total body weight). Current management strategies include a “watch and wait”, the
use of oral alkylating agents (such as chlorambucil or cyclophosphamide), purine analogues
(fludarabine) and combination chemotherapy (e.g. cyclophosphamide, vincristine and
prednisone- CVP) with or without interferon has been used. The optimal treatment is

controversial, as the vast majority of patients with advanced stages of follicular lymphoma are



not cured with the current therapeutic options. Newer approaches employing monoclonal
antibodies (e.g. rituximab, anti-CD20) have shown promising results and others (e.g. reduced
intensity conditioning allogeneic bone marrow transplantation) are under evaluation. However it

has been to demonstrate a prolongation of overall survival (OS).

Figure 2.5: Overall survival of patients with follicular lymphoma. (Federico et al., 2000).

TIME, MONTHS

Chromosomal translocations that involve BCL-2 are the hallmark of follicular lymphoma.
The BCL-2 gene was identified by molecular cloning of the t(14;18)(q32;q21) translocation,
which is present in virtually all cases of FL (Gaidano and Dalla- Favera, 1997). The translocation
joins the BCL-2 gene at its 3’ untranslated region (UTR) to IgH sequences, resulting in
deregulation of BCL-2 expression because of the nearby presence of Ig transcriptional regulatory

elements (Tsujimoto et al., 1984). On the chromosome 14 all the breaks in the IgH gene occur
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within the J segments especially JH4, JHS a JH6 (Jager et al., 2000). On chromosome 18, most
breaks occur in the major breakpoint region (MBR), located in the 3’ untranslated region of the
BCL-2 gene (Cleary and Sklar, 1985). Approximately 50% of the breakpoints on chromosome 18
are clustered within the MBR, 25% cases usually break in the more distant minor cluster region
(mer) (Bakhshi et al., 1987), about 10% of breaks occur in the intermediate cluster region (icr)
(Akasaka et al., 1998; Willis and Dyer, 1997). The remaining breakpoints on chromosome 18 fall
within the 5’ noncoding region of the gene. These BCL-2 breaks are found mostly, although not
exclusively, in B-CLL and are involved predominantly in translocation to the Ig light chain loci
(Yabumoto et al., 1996).

The BCL-2 gene encodes a 26-kDa integral membrane protein that has been localized to
mitochondria, smooth endoplasmic reticulum and perinuclear membrane. BCL-2 has no ability to
promote cell cycle progression or cell proliferation, but rather controls the cellular apoptotic
threshold by preventing programmed cell death (Chao and Korsmeyer, 1998). Sequences from
these breaks are used as primers for detection by PCR.

The process of V(D)J recombination was suggested to be involved in the translocation
(see Figure 2.4 and Chapter 2.2), however the actual mechanism of the translocation is still
unknown. The breaks on chromosome 14 and 18 occur differently. Jager et al. observed
mutations in JH and DH sequences suggestive of a secondary DH-JH recombination that most
likely happens after SH in the GC. The process of SH may thus be involved in the development
of t(14;18) (Jager et al., 2000).

B cells harboring a t(14;18) translocation have been detected at a frequency of about | in
10°to 10° in healthy individuals (Limpens et al., 1991; Summers et al., 2001). These findings are

consistent with a multistep transformation process during B cell lymphomagenesis, in which
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chromosomal translocations involving Ig loci alone are not sufficient to render a B cell
malignant. Malignant lymphoma develops most likely after acquisition of additional

transforming events (Adams et al., 1985).

Figure 2.6: The BCL-2 gene (Willis and Dryer, 2000), which is located at chromosome
18921.3, consists of 3 coding exons separated by an intron of about 250 kb and is involved in Ig
translocations in about 80% of follicular B-NHL and 1% to 2% of all cases of CLL. The
transcriptional orientation of the gene is from telomere to centromere. MBR denotes major
breakpoint region; mcr, minor cluster region; vcr, variant cluster region; icr, intermediate cluster

region.
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2.3.2. Mantle cell ymphoma (MCL)

This type of lymphoma accounts for approximately 5-8 % of all lymphomas. The tumor
consists of small or intermediate lymphoid cells with dispersed chromatin, scanty clear
cytoplasm and distinct nucleoli. MCL is more frequent in those aged more than 50 years and
occurs three times more frequently in men. Most patients are stage IV at diagnosis when the
disease is typically widely spread with extensive lymphadenopathy with spleen, bone marrow
and extranodal sites involved (e.g. gastrointestinal tract). The median survival is 3-4 years
despite therapy (Weisenburger et al., 1996). The tumor cells express typical pan B-lymphocytic
antigens (CD19, CD20, CD22, CD24), are CD5+ and CD10-, CD23- (in contrast with CLL),

they also strongly express IgM often combined with IgD.
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Figure 2.7: t(14;18)(q32;q21) translocation(Willis and Dryer, 2000). Typical
IGH-BCL?2 translocation of follicular B-NHL involving the BCL2 MBR within the 3’
UTR of the gene and the JH segments. Note that nearly all cases of follicular B-NHL
with this translocation have undergone IgH class-switch deletion.

C73 »
== o=l
5Sp/3Sy

» JH
1

—H—
(||

Translocation t(11;14)(q13;q32) (Figure 2.8.) is present in 70 % cases. This translocation
juxtaposes the BCL-I locus at 11q13 with the IgH locus at 14q32, leading to heterotopic
deregulation of BCL-1 (Leroux et al., 1991; Vandenberghe et al., 1992). BCL-1 (also known as
CCNDI1 or PRADI1) encodes for cyclin DI, a member of the D-type G, cyclins involved in cell
cycle control (Raffeld and Jaffe, 1991). Cyclin DI is not expressed in normal B cells, but is
expressed and detectable by immunohistochemistry even in MCL cases lacking a cytogenetically
detectable t(11;14)(q13;q32), strongly suggesting that deregulation of this gene is a critical event
in the pathogenesis of MCL. The pathogenetic role of BCL-1 activation in human neoplasia is
suggested by the ability of cyclin DI deregulation to contribute to B-cell lymphomagenesis in
transgenic mice (Jiang et al., 1993). Among B-NHL, cyclin D1 overexpression is restricted to
MCL and represents a useful diagnostic marker for this malignancy.

More than 80% of chromosomal breaks are clustered in 80- 110 bp region on the 11q
chromosome called ,,major translocation cluster (MTC) (Rimokh et al., 1990; Vandenberghe et
al, 1992; Williams et al., 1993).The reported size of the breaking region is 300 bp (Rimokh et al.,
1990). Further breaks were found between MTC and the coding sequence of BCL-1 gene and

were named ,,minor translocation cluster 1 and 2” (mTCl a mTC2) which cover region of 120
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kbp next to the 5°- end of BCL-1 gene (closer to centromere) on 11q13 (de Boer et al., 1993;
Rimokh et al., 1990 and 1993).

Molecular studies of the mechanism of translocation t(11;14) suggested that there are two
types of translocations. The majority of t(11;14) occur during the primary DH-JH recombination
which happens at earlier developmental of lymphocyte. A smaller number of second type of
translocation occurs during the secondary recombination DH-JH after the cell went through the
process of somatic hypermutation. The work of Welzel et al. suggested that the process leading
to t(11;14) resembles the process involved in t(14;18) creation (Welzel et al, 2001). The

mechanism of V(D)J segment recombination plays its role as well (see Figure 2.4 and Chapter

2.2).

Figure 2.8: The location of translocation clusters on the chromosome 11q13 (Rimokh et al.,
1994).
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The diagnosis of MCL represents often a challenge as MCL overlaps in several features
with B-cell chronic lymphocytic leukemia/lymphoma (B-CLL; see Chapter 2.3.4). MCL and B-
CLL are lymphoproliferative disorders of intermediate and low grades, respectively. Both
malignancies are also characterized by common chromosomal aberrations. Although MCL is
associated with higher complexity of the karyotype, there are striking similarities between
common genetic aberrations in MCL and B-CLL: deletions on chromosome bands 13q14, 11q23,
17p13, and 6q21 and gains on chromosome bands 3q26, 12q13, and 8q24 (Bentz et al., 2000;

Bea et al., 1999; Dohner et al., 2000; Monni et al., 1998; Werner et al., 1997; Leupolt et al.,
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2000). For some chromosomal loci, the affected genes are identified, such as TP53 (p53) on
17p13 (Hernandez et al., 1996; el Rouby et al., 1993) and ATM (ataxia telangiectasia mutated) on
11g23 (Stankovic et al., 1998; Bullrich et al., 1999; Schaffner et al., 1999 and 2000). Gene
expression study of multiple genes involved in apoptosis and cell cycle regulation suggested 2
distinctive pathogenetic mechanisms involved in B-CLL and MCL. In B-CLL, the expression
parameters are in strong favor of protection of the malignant cells from apoptosis whereas in
MCL the expression data indicate an enhancement of cell proliferation (Korz et al., 2002).

The aberrations affecting genes such as TP53 (Hernandez et al., 1996; el Rouby et al,,
1993) and ATM (Bishop et al., 2000; Stilgenbauer et al., 1999) lead to genome instability that
increases the risk of chromosomal translocation Welzel et al., 2001), however the molecular
mechanisms causing MCL remain still unknown.

There is no clear consensus on treatment for newly diagnosed MCL. Current management
strategies include usually a chemotherapy combination (e.g cyclophosphamide, adriamycin,
vincristine, prednisone called CHOP) together with monoclonal antibody anti-CD20 (rituximab).
More recently intensive chemotherapy with rituximab followed by autologous stem cell
transplantation has been shown promising results, but for its toxicities it is being offered usually
to younger patients (Vose et al., 2006; Geisler et al. 2007). Other approaches including reduced
intensity conditioning allogeneic bone marrow transplantation are used as salvage therapy (in

case of disease recurrence) in young patients who have available donor.
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2.3.3. Diffuse large cell lymphoma (DLCL)

DLCL is characterized by a marked heterogeneity in phenotype and clinical
behavior. DLCL cells are either GC or non-GC center derived. Consistent with this
heterogeneity, the genetic lesions associated with DLCL are also heterogeneous. The
immunophenotype is characterized by expression of pan B antigens (CD19, CD20, CD22, CD24,
certain subtypes express CD35, or CD30). CDI10 positive lymphomas originate from germinal
centers and have also overexpressed BCL-6 gene (Hans et al.,, 2004). Approximately 25% of
DLCL have transformed from FL and thus bear t(14;18)(q32;q21), they typically represent a
unique subgroup of GC derived DLCL with higher expression of bcl-2 and CD10 than DLCL
without t(14;18). Gene BCL-6 frequently (30- 40%) enters translocations with different
chromosomal partners t(3;x)(q23:x) (Bastard et al., 1994; Horsman et al., 1995; Ye et al., 1993),
7-15% of DLCL carry translocation t(8;14)(q24;q32) involving gene ¢-MYC (Knutsen, 1998).

The standard treatment for newly diagnosed DLCL patient is usually a CHOP
chemotherapy combined with rituximab. This approach alone may be curative in high percentage
of patients. Autologous stem cell transplantation is typically used in case of disease recurrence or

resistance.

2.3.4. Chronic lymphocytic leukemia (CLL), small lymphocytic lymphoma

(SLL)

CLL is a disease with indolent course and variable prognosis depending on the

risk factors. The median of OS is approximately 6 years and 20% of patients survive 10 years.
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While the median of age at diagnosis is about 65 years, up to 30% of patients are younger than
65 years.

CLL is characterized by accumulation of uniform population of stnall mature
lymphocytes that predominantly express CD19, CD20, CD23 and CDS antigen, in the absence of
other pan-T-cell markers; the B-cell is monoclonal with regard to expression of either kappa or
lambda; and surface immunoglobulin (slg) is of low density. The molecular pathogenesis of
CLL/SLL is largely unknown. In particular, none among the cancer-related genes known to date
has been shown to associate consistently and selectively with CLL/SLL. Among known cancer
related genes, mutations of p33 occur in 10% of the cases of CLL/SLL and the frequency of p53
mutations increases substantially in late stages of the disease, suggesting that it may be involved
in tumor progression. Since more than 80% CLL are diagnosed at early disease stages, many
prognostic markers have been identified. One of the most important molecular genetic markers
defining pathogenic and prognostic subgroups of CLL is the mutation status of VH gene (Damle
et al., 1999; Hamblin et al., 1999). Surrogate markers for VH status are expression of CD38 and
ZAP-70, but their validity is still somewhat controversial (Crespo et al., 2003; Damle et al,,
1999). Patients with no VH mutations or many CD38 positive or ZAP-70 positive B cells have
an aggressive course, whereas patients with mutated clones or few CD38 positive or ZAP-70
positive B cells have more indolent course (Damle et al., 1999; Krober et al., 2002; Thunberg et
al., 2001; Fais et al., 2001).

Chromosomal aberrations can be identified in about 80% of CLL by interphase FISH. The
incidence of the most relevant genetic abnormalities has been reported to range from 14% to 40%
for deletion 13q (del(13q)) as isolated abnormality, 10% to 32% for del(11q), 11% to 18% for

addition 12q, 3% to 27% for del(17p), and 2% to 9% for del(6q), depending on the stage of the
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disease and whether or not the disease was resistant to conventional therapy (Seiler et al., 2006).
Patients with del(13q) as single anomaly have excellent prognosis (median survival. 133 months)
whereas those with del(11q), involving ATM, and particularly del(17p), involving P53, do not
respond to conventional therapy and tend to have a rapidly evolving disease (median survival, 79
and 32 months, respectively; Seiler et al., 2006). Del(11q) is associated with male gender,
younger age and massive lymphadenopathy; trisomy 12 is linked to atypical morphology and
immunophenotype of the leukemic cells, and del(6q) is more frequently observed in patients
whose lymphocytes display plasmacytoid features and correlates with intermediate prognosis
(Montillo et al., 2005). Cytogenetic abnormalities identify groups of CLL patients (Figure 2.9;
Dohner et al., 2000). Broadly, two risk groups are recognized: 1) low-risk: patients with normal
karyotype or isolated del(13q); and 2) high-risk: patients with del(17p) or del(11q); trisomy 12
conveys high-risk of disease progression but in contrast to patients with del(17p) or del(11q),
patients with trisomy 12 usually respond to fludarabine-based therapy and their survival is better.
VH mutation status and cytogenetic abnormalities are two separate prognostic parameters (Seiler
et al., 2006), but they appear to correlate. Unfavorable aberrations (del(l 1q), del(17p)) occur
more frequently in unmutated CLL, and favorable aberrations (del(13q)) occur more frequently
in the mutated subgroup (Krober et al., 2002; Oscier et al., 2002; Lin et al., 2002).

Current management strategies include a “watch and wait” in asymptomatic patients, the
use of oral alkylating agents (such as chlorambucil), purine analogues (fludarabine) and
combination chemotherapy (e.g. cyclophosphamide, vincristine and prednisone- CVP). The
optimal treatment remains somewhat controversial, as the vast majority of patients with
advanced stages of CLL/SLL are not cured with the current treatment options. Newer approaches

employing monoclonal antibodies (rituximab, anti-CD20 or alemtuzumab, anti-CD52) have
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shown promising results. Allogeneic stem cell transplantation and especially reduced intensity

conditioning allogeneic stem cell transplantation are being investigated.

Figure 2.9: The prognostic relevance of chromosomal aberrations in CLL (Dohner et al.,

2000).

Overall survival (months)

Although, 14q32 involvement was described frequently in early CLL studies,
t(11;14)(q13;q32) with BCL1/IgH rearrangement, is considered to be a hallmark of mantle cell
lymphoma, in CLL it is associated with short survival (Reddy, 2005).

SLL is represents the lymphoma version of CLL. The cells lack expression of CD38
(different from CLL), but they do express LFAl (CDIla), adhesive molecule, which is

responsible for lymphoma like features (Zelenetz and Brodeur, 1997).
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2.3.5. Lymphoplasmocytic lymphoma (LPL)

LPL consists of small lymphocytes, plasmocytic lymphocytes and plasmatic cells that
express characteristic pan B antigens (CD19, CD20, CD22, and CD24). The cells also express
cytoplasmatic IgM, are CD5-, CD23-, CD10- and do not express IgD. LPL derives from B-
lymphocytes that differentiate into plasma cell secreting IgM (Offit et al., 1992). This disease
may as any other low grade lymphoma transform into aggressive DLCL. Approximately 50% of
lymphoplasmacytic lymphoma are associated with the t(9;14)(p13;q32) translocation (Offit et al.,
1992). The translocation appears to display a preferential clustering with cases associated with
the clinical syndrome known as Waldenstrom's macroglobulinemia. The chromosomal
breakpoints of t(9;14)(p13;q32) involve the IgH locus on chromosome 14g32, and, on
chromosome 9p13, a genomic region containing the PAX-5 (Paired Homeobox-5) gene (lida et
al., 1996). PAX-5 encodes a B-cell specific transcription factor involved in the control of B-cell
proliferation and differentiation (Morrison et al., 1998). Presumably, the juxtaposition of PAX-5
to the IgH locus causes its deregulated expression, thus contributing to tumor development. Other
genetic aberrations include abnormalities of chromosome I, duplication of 17q and deletion of

7q32 (lida et al, 1999; Morrison et al., 1998; Offit et al, 1995).

2.4. MINIMAL RESIDUAL DISEASE

Virtually all cancers represent a clonal process when a particular cell population (clone)

has got out of physiological mechanisms that control growth and proliferation. Specific
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modifications of the genome of a particular cell play the main role in this process. These changes

begin a cascade of aberrations that lead into a malignant transformation.

Table 2.2: Sensitivity ofidifferent molecular biology techniques used for minimal residual

disease detection (Dolken, 2001).

Number of
Method Sensitivity | tumor cells/ Features
total cells

Cytology,
cytochemistry 5% 57100
and histology

standard clinical procedure,
low sensitivity

Immunophenotyping ° o 1-5/7100 Lack of tumor-specific antigens and
by 1-5%O.1%) | (16 1000) antibodies
flow cytometry (FACS)
Immunophenotyping 1-5/100 Lack of tumor speci i
50 o - pecific antigens and
by 1-5% Q1% 11510 000) antibodies

Immunohistochemistry

Time consuming, laborious,

0,
Southern blot 1% 1/100 low sensitivity

Labor intensive, high quality

. 100 i
Standard cytogenetics 5-10 % 5-10/100 metaphases

Fluorescence in situ
hybridization (FISH)

Interphase FISH: false positive

( si:-ilggor“) 5-10 % 5-10/100 | results, labor intensive, no need for
»Sing metaphases
D-FISH 13 % 13 /100

(,,double color*)

Sensitivity depends on the total

PCR 107107 1/10%*to 10° amount and quality of DNA or
mRNA (cDNA)

Very sensitive; false-positive results

Nested PCR 10%-10° 1v10’ due to contamination or carry-over

are serious problems
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In order to cure a patient with an oncological disease it is prerequisite to destroy the
malignant clone. In another words it is desirable to achieve a complete remission (CR) (Gribben
et al., 1994). The quality of a CR can be assessed by different methods with different sensitivity
and therefore there is a CR at the clinical, cytogenetic, inmunologic, and molecular levels.

CR is defined as disappearance of the malignant clone under a detectable level when using
conventional clinical tests (radiodiagnostic and or laboratory; Cheson et al., 1996; Cheson et al.,
1999). Patients with a hematological malignancy have a high probability to attain CR, but there
is also a high chance that the disease will recur. The residual tumor cells that are present in small
number below detection level of conventional clinical tests contribute to relapses. These
subclinical residua of tumor cells are called minimal residual disease (MRD). Situation when the
most sensitive method usually PCR does not detect any remaining malignant cells is called a
molecular complete remission (MCR). Molecular or PCR relapse is a term suggested by Lion
described a situation when quantitative PCR detects expansion leukemic clone by 1 log in
absence of clinical relapse (Rel; Lion, 1994). Cytogenetics, immunophenotypic studies and PCR

belong to the most frequently techniques used for MRD evaluation.

2.4.1. Methods for minimal residual disease detection

2.4.1.1. Cytogenetics

Chromosomal analysis of human cells includes so-called classical cytogenetics, which
studies number, shape, size and structure of metaphasic chromosomes (Heim and Mittelman,
1995). DNA probes identifying specific sequence of DNA in a gene or chromosome can be used

in interphase. Initially these probes were labeled with radioactive isotopes. Introduction of
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probes with various fluorochromes represented an important step forward in cancer cytogenetics.
Today there are painting probes specific for each human chromosome, which allow detection of
multiple chromosomal aberrations including deletions, amplifications of genetic material. This
technique is called fluorescence in situ hybridization (FISH) and is also used for detection of
chromosomal translocations.

Comparative genomic hybridization (CGH) compares coloring patterns of tumor and normal
cells. If there is no gain or loss of DNA the region is yellow (an equal mixture between red and
green). If chromosome imbalance is present, then the affected region will be red or green. A
newer method is called spectral karyotyping (SKY; Schrock et al.,, 1996) or multicolor FISH
(Speicher et al., 1996). DNA from each human chromosome is labeled with a single or multiple
colors and is applied in a cocktail to the sample containing malignant cells. Using various
systems to capture and analyze the image, one can detect all of the chromosome abnormalities in
a single experiment. This analysis identifies the chromosomes involved, but not the specific
region of the chromosome.

Cytogenetics is essential in the risk stratification process especially in myeloid leukemias
(Grimwade et al., 1998; Grimwade et al, 2001). Karyotypic analysis may, however fail to
identify all patients that should be assigned to the favorable risk group (Grimwade et al., 1998).
Molecular screening using should be done in all patients to identity those with favorable
abnormalities and other potential targets for MRD monitoring.

Measurement of response to therapy at the cytogenetic level (cytogenetic response) has
been established for patients with CML. The cytogenetic response is represented by percentage
of nuclei that are negative (neg) for the cytogenetic aberration, which is t(9;22) or Philadelphia

chromosome (Ph). The response is then graded as no response, minimal (1% to 32% Ph neg),
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minor (33% to 65 % Ph neg), major (66% to 99% Ph neg) and complete (100% Ph neg) (Italian

CSG-CML, 1998). The most limiting factor of cancer cytogenetics is the low sensitivity.

2.4.1.2. Immunophenotypic analysis (Fluorescein activated cell sorting; FACS)

Flow cytometry (FACS) uses monoclonal antibodies that specifically bind to cell surface
antigens. Therefore, the identification of tumor cells is mainly based on the detection of
differentiation antigens (cluster differentiation, CD) or their combinations that are preferentially
found on tumor cells, but rarely on normal cells. The clonality of B-LPD is assessed by detection
of immunoglobulin light chain expression (Robertson et al., 1992). FACS has higher sensitivity
than morphological analyses, but due to a great variability of tumor antigens this method can be
reliable only in some cases (Jennings et al., 1997). Multicolor FACS represents an important
improvement of MRD evaluation by FACS techniques as it enables analysis of large number of
antigens and thus identification of a small subpopulation of tumor cells. This method can be

applied in larger studies and has quite high sensitivity (10”) (Rawstron et al., 2001).

2.4.1.3. Polymerase chain reaction (PCR)

The most sensitive technique of MRD detection is PCR. PCR is used for amplification of
a specific segment of DNA and consists of three important steps. The first step is denaturation
when both strands of double stranded DNA dissociate into two single stranded DNA strands. The
second is called annealing when the primers hybridize on the complementary sequence of the

template. In the third step the primers are elongated (elongation) according to the template DNA
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sequence. These steps are cyclically repeated and the number of copies doubles in each cycle.
Therefore theoretically 1 copy of a template gives 10° copies after 30 cycles, but in reality the
efficiency of PCR is between 80% and 90% (McPherson et al., 1996). The sequence that is
amplified is surrounded by primers specifically bound to the template. Besides DNA (containing
the target sequence) and primers the other components of PCR reaction are thermostable
polymerase, deoxyribonucleosidtriphosphate and reaction buffer.

RT-PCR is used for amplification of a specific segment of RNA. First, the sequence in
RNA is transcribed to complementary DNA (cDNA) by reverse transcriptase. This cDNA is then
amplified by classical PCR as described above.

PCR technique has a lot of modifications (see Table 2.2). The reaction can be run in one
round also called one step PCR or nested PCR. The second round of a nested PCR employs
second pair of internal primers that are complementary to the sequence localized on the fragment
of DNA that was amplified in the first round. This method is more sensitive, but false-positive
results due to a contamination and possible carry-over constitute a necessity of intensive
optimalisation (see Table 2.2). There is also so called “fouchdown PCR” for which the cycling

program was designed in order to avoid amplification of nonspecific products (Don, 1991).

2.4.1.3.1. Quantitative polymerase chain reaction (Q- PCR)

The fact that tumor markers can be detected in healthy individuals and in patients

remaining in CR without relapse led to development of quantitative PCR (Q-PCR) (Dolken et
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al,, 2001; Lion, 1994; Slavickova et al., 2000 and 2002). The level of MRD can be estimated
semiquantitatively (increase, decrease, stagnation) or absolutely (1 positive cell in 10 cells).

After a certain number of cycles the PCR reaches a plateau phase when the amount of
products does not increase exponentially anymore, the efficiency of reaction drops almost to 0%.
Therefore every method of Q-PCR uses the exponential phase of PCR (see Figure 2.10).
Following formula can be applied calculation of the amount of the product (A;) in exponential
phase:

A.= Ao (1+E)"
log A¢=log A - n log (1+E)
Ao stands for number copies of a template, n number of cycles and E efficiency of amplification.

Limiting dilution is an established method of quantification of cell biology. The method
can be adapted to quantitative PCR by dilution of positive samples until the target is no longer
amplifiable (Ouspenskaia et al., 1995). In case of nested PCR multiple reactions at each dilution
have to be performed and intensive statistical analysis must be performed to assure the
reliability.

Co-amplification of a target (sample DNA) and control gene (internal standard DNA)
constitutes a comparative PCR. The technique when two genes from the sample DNA are
amplified using two different sets of primers is called multiplex (duplex) PCR.

Multiplex PCR belongs to semiquantitative methods (Cross et al., 1995; Slavickova et al.,
2000). The conditions that must be met are as follows: similar annealing temperature for both
sets of primers, similar composition of reaction mixes for both genes, the primer sequences
cannot be complementary, the amounts of products of both genes must be quantified within the

exponential phase of PCR (Cross et al., 1995).
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Figure 2.10. The amount of a product (A,) in relation to a number of cycles (n) (Haskovec,
1996).

phase

In competitive PCR a reference standard is co-amplified in the same reaction as the
sequence of interest. The standard is usually a synthetic DNA, which is very siinilar to the tested
DNA (Cross et al., 1995). Quantification of the target is made by comparison of the intensity of
the two products. The method works well only if both the target and standard DNA are amplified
with similar efficiency. Each reaction tube contains same amount of sample DNA with serially
diluted standard DNA. The results from each tube are plotted in a standard curve from which the
concentration of sample DNA is determined at the point of equivalence. If the amplification
works with equal efficiency, the concentration of standard DNA equals the concentration of the
tested DNA (Cross et al., 1995; Raeymaekers et al., 1999).

Competitive PCR controls for tube-to-tube variation in amplification efficiency. The ratio
between amounts of products is constant in both exponential and plateau phase, therefore the
reaction can be quantified even in plateau phase. The limitations are the necessity of standard
DNA preparation, selection of suitable concentration of competitor for each sample DNA and a

risk of false positive results due to contamination (Cross et al., 1995).
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Figure 2.11. Ideal result of competitive PCR reaction. Each tube contains the same, but
unknown amount of the tested DNA — Ty (1 relative unit), the same amount of competitor are
added (geometric series from 0,01 to 100 relative units) — So. The middle picture shows
schematically gel results where the amounts of products are depicted in exponential phase (Texp
and Sexp) and the amount of product in the plateau phase (TpLateau and Spiateau). The
intensities of individual band fluorescence are graphed into a standard curve. The value Ty
corresponds to So in the point of equivalency, the point when log (T«/S,) = 0 (Raeymaekers et al.,
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The newest addition to the family of PCR methods is represented by real-time
quantitative PCR (RQ PCR). There are several systems of fluorescent probes that can be used.
The first system called SYBR® Green employs a dye that intercalates between two strands of
DNA and emits fluorescence which can be measured. Newer and more accurate technique uses a
fluorogenic probe, consisting of an oligodeoxynucleotide with both reporter and quencher dyes

attached (FAM™ a TAMRA™, VIC™ a JOE™, ROX™). This probe anneals between the two
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standard PCR primers. When the probe is cleaved during the next PCR cycle, the reporter is
separated from the quencher so that the fluorescence at the end of PCR is a direct measure of the
amplicons generated throughout the reaction. This is a description of newer system TaqMan®.
Another system e.g. LightCycler™ uses two hybridization probes. The first probe is labeled with
flurochrome (fluorescein) at 3‘end and the second has the flurochrome attached at the 5‘end. The
probes are designed in order to hybridize next to each other. After excitation by a laser the first
flurochrome emits light that excites the second flurochrome. This is called Fluorescence
Resonance Energy Transfer (FRET). The emission of light can be accurately measured. The first
reports of real-time PCR monitoring of residual disease were represented by Donovan et al. in
patients with acute lymphoblastic leukemia (ALL), (2000), Ladetto et al. in multiple myeloma
(2000) and in follicular lymphoma (2001).

This method eliminates the need for post-PCR sample processing and thereby greatly
increases throughput. Real-time PCR also reduces the potential for false positive results by
adding the additional level of specificity provided by the hybridization of a probe to sequences
internal to amplification primers and offering a closed tube assay system. Real-time PCR
instruments are still relatively expensive making this promising technology less feasible for

larger clinical studies.
2.4.2. The source ofitissue for minimal residual disease detection
Monitoring of MRD from samples of BM or PB has been well established especially in

patients with myeloid leukemias. The situation is however a slightly more complicated in ALL

patients. In patients with T- cell ALL (T- ALL), leukemic cells can be consistently found in the
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peripheral blood when they are detected in the bone marrow. In sharp contrast, patients with B-
ALL often had no detectable leukemic cells in peripheral blood, despite their presence in bone
marrow. However, the presence of MRD in peripheral blood denoted more aggressive leukemia
with an extremely high risk for recurrence. Peripheral blood thus can be used for MRD studies in
patients with T- ALL. It allows frequent monitoring of leukemia while sparing patients the
discomfort of bone marrow aspirations. Peripheral blood is not as reliable for MRD evaluation in
B- ALL patients (Coustan-Smith et al., 2002). This could be explained by the fact that ALL of T-
cell origin may well derive from progenitor cells that naturally reside in the thymus rather than in
the bone marrow. If leukemic T- lymphoblasts migrate to the bone marrow through the
circulating blood, studies of peripheral blood might be as informative as studies of bone marrow.
In patients with B- ALL (originating from bone marrow progenitor cells), the presence of
circulating lymphoblasts at the time of clinical remission might indicate a propensity of the
malignant cells to exit the bone marrow prematurely (Greaves et al., 1986), but negative PB
result does not necessarily correlate with BM status.

The situation is even more complicated in NHL. The heterogeneous involvement of
blood or bone marrow in all but the leukemic forms of NHL leads to sampling inaccuracies. The
homing capacities of the different lymphomas and their tendency to disseminate to blood and
bone marrow are highly variable. Thus it is not clear what tissue is the most reliable for MRD
monitoring.

Using non-quantitative PCR monitoring, both paired PB and BM samples some authors
see a BM as a superior source for MRD monitoring as they have shown its correlation with better
disease prognosis (Gribben et al., 1994; Zwicky et al., 1996). Others prefer monitoring of PB as

it they observed no difference when compared with BM. PB sampling is also more convenient
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(Bendandi et al., 1999; Lopez-Guilermo et al.,, 1998). Lopez Guilermo et al. tried to draw a
relation between prognosis of patients with FL and PCR results either from BM or PB in post
therapy follow up. Seventy percent of PCR findings from PB correlate with BM results and vice
versa (Lopez-Guilermo et al., 1998; see Table 2.3).

A nested semi-quantitative competitive PCR assay showed that the number of cells with
the rearrangement was lower in PB than in BM but the majority were within one log difference
(Leonard et al., 1998). A prospective quantitative monitoring study of 34 FL patients treated with
chemotherapy combination CVP and interferon- a- 2b for first line treatment found that the copy
number of BCL-2/IgH positive cells pre-treatment did not influence progression free survival
(PFS). Furthermore, because they were easily cleared from the PB after first line therapy, BM
rather than PB may be more informative for establishing the relationship between molecular
remission and clinical outcome (Mandigers et al., 2001). One explanation for the lower
sensitivity of PB for the MRD detection is the shortened lymphoma cell survival in the

circulation due to the absence of stromal cells, which provide survival signals.

Table 2.3: The correlation between MRD results in BM and PC at different intervals from

therapy. (BM- bone marrow; PB- peripheral blood; n- number of patients)

3-5 months | 6-8 months |9-14 months

(n=157) (n=41) (n=35)

PB(+)/BM(+)

or 70% 66% T7%
PB(-)/BM(-)
PB(+)/BM(-) 13% 5% 9%
PB(-)/BM(+) 17% 24% 14%
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There are reports that even patients who cleared lymphoma cells their PB or BM can still
relapse from residual disease in their lymph nodes (LN; Gupta et al., 1998; Cerny et al., 2003a).
Patients with bulky disease have less tumor cells circulating in their blood stream as their tumor
cells have higher expression of adhesion molecules (e.g. L-selectin) on the cell surface and tend
to reside within the lymphoid tissue rather than home to BM (Drillenburg et al., 2001).

The increasing use of peripheral blood progenitor cells (PBPC) for autologous stem cell
transplantation (ASCT) together with suspicion that residual tumor cells in PBPC harvests may
contribute to disease recurrences (Brenner et al., 1994; Pilarski et al., 2000) opened another
dimension for PCR evaluation of MRD. PCR monitoring started to be use for evaluation of
efficiency of different in vitro (Valkova et al., 2002) and in vivo (Magni et al., 2000) purging
approaches. There are more reports suggesting that patients with tumor contamination of PBPC
have worse prognosis than patients with tumor free grafts (Sharp JG et al., 1996; Corradini et al.,
1997, Freedman et al., 1999; Ladetto et al, 2002) than reports where autografting with
lymphoma cells did not influence outcome (Hardingham et al., 1995).

There is a common agreement that a LN tissue should be tested by PCR at diagnosis and
that MRD monitoring is performed from both BM and PB. Other tissues e.g. PBPC, spleen,
pleural effusion, cerebrospinal fluid, skin, mucosa (gastric biopsy) can be used in special
situations (diagnosis, local relapse), but they cannot be used for routine monitoring (Bendandi et

al., 1999; Lopez-Guilermo et al., 1998).
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2.5. MINIMAL RESIDUAL DISEASE IN SELECTED LYMPHOPROLIFERATIVE

DISORDERS

2.5.1. Chronic lymphocytic leukemia (CLL)

CLL is a disease with indolent course and variable prognosis depending on the risk
factors. The median of OS is approximately 6 years and 20% of patients survive 10 years. While
the median of age at diagnosis is about 65 years, up to 30% of patients are younger than 65
years. CLL is incurable with conventional therapy and in case risk factors are present the
survival is shorter than 3 years. This is not acceptable especially for younger patients and
therefore new therapeutic approaches are being studied in order to eradicate the disease and
achieve a long lasting remission.

Minimal residual disease is commonly measured by PCR and/or flow cytometry.
PCR analysis for clonal IgH rearrangement recognizing the complementarity determining
region III (CDRIII) detection is reported to detect 70- 80% when consensus primers are
employed. Consensus IgH PCR has a sensitivity of 2 x 107~ 10 and is a technically less
cumbersome. The main limitations are decreased sensitivity and inapplicability in
occasional patients carrying mutations in the VH gene (Botcher et al., 2004; Moreno et al.,
2006). In allele-specific oligonucleotide (ASO- PCR), patient’s hypervariable
immunoglobulin genes are sequenced, based on which >=1 oligonucleotide primers
specific to the individual patients are designed (Botcher et al., 2004). Both patient-specific

and consensus primers are then used in the PCR reaction. This sensitivity of this technique
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is improved (10'4-10'5). However, ASO-PCR is time consuming, labor intensive, and
expensive. It is difficult to generate results in a timely fashion using this approach.

Flow cytometry techniques have become more sophisticated. Initial studies that
measured MRD used 2-color (CD19, CDS) classic flow cytometric techniques. Robertson
observed that CLL patients can achieve MCR after fludarabine as assessed by bone marrow
biopsy, dual-color flow cytometry with CD19 and CD5 markers and lg gene analysis using
Southern-blot method (Robertson et al., 1992). Vuillier combined flow cytometry and
CDRIII PCR for evaluation of molecular remission in CLL patients (Vuillier et al., 1992).
The quality of the remission was predictive of the response duration (Robertson et al.,
1992; Vuillier et al., 1992). Flow cytometry is a very efficient method for MRD evaluation,
but sensitivity is not optimal. Therefore, current measurements with 4-color methods have
been further improved by using a sequential gating strategy to assess the expression of
CDI19, CD5, CD20, and CD79b. This approach is able to detect 1 CLL cell in 10°-10°
normal cells (Rawstron et al., 2001). A similar- level of sensitivity can be obtained by
utilizing quadruple antigenic combinations (Moreno et al., 2006).

Provan et al demonstrated that persistent PCR positivity after ASCT is connected
with high risk of relapse. At the same time significant number of patients treated with
intensive therapy including ASCT is PCR negative and remain disease free. This suggests
that HDT may be curative in selected patients with CLL. MRD detection by using
molecular methods should be thus employed to determine whether complete remitters, are
indeed molecular remitters (Provan et al.,, 1996). Magnac described results of MRD
monitoring in 12 patients after achieving CR. (follow up: 17- 60 months; see Table 2.4;

Magnac et al., 1999).
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Table 2.4: Results of MRD monitoring in 12 patients with CLL who reached CR.

Standard- 8 x fludarabine (4-12 cycles) a 1x CHOP, 3 x salvage (refractory to standard

chemotherapy)- ESHAP (3-6 cycles).

PCR- vs. Relapse Death
No. patients Therapy
PCR+ (PCR- vs, PCR+) | (PCR- vs. PCR+)
9 Standard 1/8 1/2 0/2
3 Salvage+ ASCT 3/0 0/0 0/0

As the number of monitored patients is relatively small these results must be interpreted
with caution. Nevertheless, HDT proved that it has a potential to induce MCR and in turn leads
to a better prognosis of patients who achieve MCR (Magnac e al., 1999). Interestingly, MCR can
be induced even if unmanipulated PBPC with possible CLL contamination is used. In the study
of Italian authors 20 CLL patients in CR (after fludarabine) were given an unmanipulated PBPC
transplant and were longitudinally monitored for MRD. Seventy five percent of them attained
MCR (15/20) and those patients had in prolonged response. The study also showed that
conversion from PCR negative to positive during the clinical follow-up anticipates
immunophenotypic recurrence of disease with an interval from molecular to immunophenotypic
relapse which ranges between 6 and 10 months. Furthermore, the data indicate that monitoring of
MRD in CLL patients after PBPC autografting is important to verify the disappearance of the
leukemic clone or to identify early recurrence of disease. Persistence or reappearance of the

molecular signal after engraftment predicted a subsequent immunophenotypic and clinical CLL

recurrence (Meloni et al., 2000).
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Table 2.5: Eradication of minimal residual disease (MRD) in chronic lymphocytic leukemia

(CLL). (SC- subcutaneous, IV- intravenous, TIW- three times a week, MCR- molecular complete

remission.)

Author Regimen MCR rate

Montillo et al. (2006) alemtuzumab 10 mg SCTIW 19/34 (56%)
X 6 weeks

O'Brien et al. (2003) alemtuzumab 10- 30 mg IV TIW 11/29 (38%)
x 4 weeks

Moreton et al. (2005) alemtuzumab 30 mg IV TIW 18/91 (20%)

Keating et al. (2005) fludarabine/cyclophosphamide/ 138/207 (67%)

rituximab

Wierda et al. (2005) fludarabine/cyclophosphamide/ 12/37 (32%)
rituximab

Bosch et al. (2005) ﬂudarabmf:/cyclophosphamlde/ 19/69 (28%)

mitoxanthrone
Faderl et al. (2006) fludarabine/cyclophosphamide/ 15/26 (58%)
mitoxanthrone/rituximab
Kay et al. (2007) fludarabine/alemtuzumab 6/24 (25%)

In recent years, various combinations of purine analogues, alkylating agents, and
monoclonal antibodies such as rituximab (anti-CD20), and alemtuzumab (anti-CD52) have
yielded high response rates in treatment-naive patients as well as patients with
relapsed/refractory CLL (Zent et al, 2006; Keating et al., 2005; Wierda et al., 2005).
Alemtuzumab is effective in obtaining clearance of the peripheral blood and bone marrow
involvement of CLL and has been shown to improve the quality of response and achieve
eradication of MRD. When CLL patients received fludarabine followed either by ASCT or
alemtuzumab followed by ASCT 76% (19/25) patients became MRD negative. Patients with
detectable MRD had significantly worse event free survival (EFS) than MRD free patients (p=
0.0001). Similarly the OS was shorter in MRD positive group (p= 0.007). Another important
observation was that in all patients the number of detectable CLL cells increased over time

(Rawstron et al., 2001).
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In a phase II trial conducted by Montillo and colleagues, patients were initially treated
with fludarabine with or without cyclophosphamide; responding patients were consolidated with
alemtuzumab (Table 2.5; Montillo et al., 2006). Of the 34 evaluable patients, 19 (56%) achieved
an MRD negative CR. In a trial conducted by O'Brien and colleagues, patients with residual
disease following response to chemotherapy received alemtuzumab (Table 2.5; O’Brien et al.,
2003). Of the 29 patients assessed by ASO- PCR, 11 (38%) achieved a molecular remission. A
phase 11 trial evaluated alemtuzumab consolidation therapy following induction therapy with oral
fludarabine/ cyclophosphamide in 36 patients with previously untreated CLL (Delmer et al.,
2006). Of the 19 patients evaluable by flow cytornetry, 15 had undetectable MRD at the time of
completing 8 weeks of alemtuzumab. In a trial conducted by Moreton and colleagues of single-
agent alemtuzumab in patients with relapsed/refractory CLL, 18 (20%) of the 91 evaluable
patients achieved an MRD negative remission (Table 2.5; Moreton et al., 2005). Both time to
next treatment (p< 0.0001) and median OS (p= 0.0007) were significantly prolonged in the 18
patients with an MRD negative CR compared to the 73 patients with an MRD positive CR,
partial remission (PR), or no response.

Patients with CLL who received initial treatment with the chemoimmunotherapy regimen
fludarabine/cyclophosphamidc/rituximab (FCR) and were found to have 1% residual CLL cells
as measured by flow cytometry assay had long-lasting remissions (Table 2.5; Keating et al.,
2005). In a trial conducted by Wierda and colleagues, FCR also showed activity in patients with
relapsed/refractory CLL (Table 2.5; Wierda et al., 2005). Of the 37 patients evaluated for MRD
status who achieved a CR, 12 (32%) achieved MRD negativity as assessed by ASO-PCR. In a
trial reported by Bosch, which included 69 patients, MRD eradication was attained by 19 patients

(28%) in CR after fludarabine, cyclophosphamide/mitoxantrone (FCM). Responses were more
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durable in the MRD negative subgroup (Table 2.5; Bosch et al., 2005). A phase II trial evaluated
the addition of rituximab to FCM in patients with previously untreated CLL (Table 2.5; Faderl et
al., 2006). Of the 27 evaluable patients, 11 (41%) achieved a CR, and 16 (59%) achieved a
PR/near PR, for an overall response rate of 100% (Table 2.5). Of these patients, < 1%
CDS5/CD19 cells was seen in 15 (58%) of the 26 evaluable patients, and MCR was seen in 12
(63%) of the 19 evaluable patients. A phase Il trial evaluating chemoimmunotherapy with
pentostatin/cyclophosphamide/rituximab in 64 evaluable patients with previously untreated CLL
also demonstrated a significant correlation between flow cytometry negative status (< 1%
CD5+/CD19+ B cells as measured by 2-color flow cytometry) and prolonged PFS (p < 0.001;
Kay et al., 2007). The final results of the UKCLLO2 trial reported MRD negative remissions with
subcutaneous alemtuzumab in 6 of the 24 responding patients with fludarabine-refractory CLL

(Table 2.5; Sayala et al., 2006).

2.5.2. Nonhodgkin’s lymphomas (NHL)

Specific interchromosomal translocations serve as a molecular marker for molecular
monitoring of the subclinical residual disease in NHL patients. The most frequently studied
molecular markers include well known BCL-2 oncogene, which is involved in translocation
t(14;18) in FL. BCL-1 oncogene is involved in t(11;14) in mantle cell lymphoma (MCL). PCR
amplification of clonal rearrangement of CDRIII within the IgH was reported to detect up to
90% malignant B cell lymphoproliferative disorders (Zwicky et al., 1996). Similarly in T cell

derived diseases the clonal TCR rearrangement serves as a molecular marker of clonality.
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2.5.2.1 Minimal residual disease after standard chemotherapy.

The data from early observations stated that MRD is detectable virtually in all patients
who were treated by conventional therapy e.g. CHOP (Gribben et al., 1991). On the other hand
intensified standard chemotherapeutic regimen CHOD-Bleo/ESHAP/NOPP was successful in
converting 68% (13/19) formerly BCL-2 positive patients with a low grade (LG) lymphoma into
PCR negativity (McLaughlin et al., 1994). The long term follow up of these patient indicated that
88% achieved CR and 72% MCR. The §- year DFS was 73% for the PCR negative versus 28%
for the PCR positive group of patients respectively, but neither curve of survival plateaued
(Cabanillas et al., 1999). Newer chemotherapeutic regimen FMD (fludarabine, mitoxanthrone,
dexamethasone) gave 68% molecular responses (17/25) and 32 % (8/25) of patients reached PCR
negativity (Crawley et al., 2000). In long term follow-up of patients with FL in CR, evidence of
PCR detectable MRD was associated with recurrent disease in several studies (Gribben et al.,
1994; Lopez-Guillermo et al., 1998; Haas et al., 1994; Ha et al., 2001). In other studies, long
term remissions were achieved in patients despite being persistently PCR positive in PB and/or
BM (Price et al., 1991; Lambrechts et al., 1994) suggesting that MRD can be cleared perhaps by
immune mechanism at later point.

In addition, some patients may relapse despite clearance of tumor cells from PB or BM
(Gupta et al., 1998). How can we explain these discrepant results? The explanations include: 1)
the timing and frequency of molecular assessment, 2) the sensitivity of the PCR assay, 3) the
samples being tested (PB, BM or both) and 4) the sample size of the reported trial (inadequate

power to detect a difference). It has been also shown that it may take significant time for some
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patients to clear MRD from their PB or BM (Lopez-Guillermo et al., 1998). The results are

shown in Table 2.6.

Table 2.6: Increasing clinical and molecular remission rates at different time-points after

treatment. (CCR- complete clinical remission; MCR- molecular complete remission.)

Time points N CCR rate MCR rate
3-5 months 118 29 37

6-8 months 86 63 53
9—14 months 101 86 56
15-19 months 74 97 66

In the same study MCR was higher in clinical CRs, but one-third did not achieve MCR
and, furthermore, one-third of partial responders at 3- 5 months also achieved a MCR. Patients
who achieved a MCR during the first year of treatment had significantly longer failure free
survival (FFS) than those who did not (4 year FFS=76 versus 38%; p<0.001). By multivariate
analysis, B2 microglobulin and molecular response were independent factors predictive of
outcome.

The prognostic value of MCR was also validated in the CR patients alone. Patients who
achieved a MCR and sustained it had a better FFS than those who either reverted back to PCR
positivity or never achieved a MCR. No correlation was observed between treatment regimen
and MCR. The concordance between molecular results in PB and BM was 66—77%. More than
75% of the patients who achieved a PCR negative state at any of the tested time points were
expected to be alive and in clinical CR 5 years after starting therapy (Lopez-Guillermo et al,,
1998). This study demonstrated that: 1) MCR can be achieved using standard-dose

chemotherapy, 2) MCRs within the first year of therapy correlate with durable CRs, 3) the
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degree or extent (CR, PR) of clinical and molecular remission can improve with time and
suggests that the predictive value of MCR may vary depending with the time of measurement, 4)
the lack of a clear-cut plateau in FFS curves for MCR versus no MCR suggests that most patients

with FL eventually progress.

2.5.2.2 Minimal residual disease after chemoimmunotherapy.

The addition of monoclonal antibodies anti-CD20 (rituximab, R) to chemotherapy
represents a significant milestone in treatment of CD20 positive lymphomas in the last decade
(McLaughlin et al., 1998; Maloney et al., 1997; Coiffier et al., 1998). Rituximab has been first
tested in low grade and particularly follicular lymphoma. Molecular analyses of BM and/or PB
were performed on subsets of FL patients in various trials and are shown in Table 2.7.

Molecular analyses have been also performed in patients with FL treated with anti-
idiotypic monoclonal antibodies (Brown et al., 1989). A 66% overall response rate including
13% CR were seen in 45 patients. Of five patients with prolonged CR (from 3- 8 years) PCR
detectable lymphoma was found in the PB of all five patients using methods for specific IgH
rearrangement.

MCRs have been seen in patients treated with idiotype vaccines (Bendandi et al., 1999).
Out of 20 patients treated, 11 were found to have an amplifiable molecular marker. Patients were
first debulked using combination chemotherapy, but despite this the 11 patients remained PCR
positive in their PB. However, after treatment with idiotypic vaccine together with granulocyte
macrophage colony stimulating factor (GM-CSF) as an adjuvant, MCR occurred in all 11. In

addition 18/20 patients remained in CR after a median follow-up of 42 months. These data
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showed that molecular analyses for occult lymphoma can be a useful surrogate endpoint to assess

the clinical activity of new therapies in MRD states.

Table 2.7: Molecular remission in FL patients treated with single agent or combination
therapy with rituximab. (FL- follicular lymphoma; OR- overall response; CR- clinical
response; BM- bone marrow; PB- peripheral blood; TTP- time to progression; FFR- failure free
rate; PCR- polymerase chain reaction.)

Patient Clinical Duration of
Author . N response med. N Molecular result
population OR/CR
TTP
McLauglin et | Recurrent/ o/ /K0 mol. remission PB=26/45 (62%);
al. (1996) | refractory FL | 166 | 48%/6% | 13months | 520 gy 1_0/16 (56%) at 3 months
y
F°(r§80’°()‘)al' re‘}f:c“t:fy"gL 50 | 46%/4% Ilmonths | 21 13721 (62%)
7/30 (57%), 9/29 (31%) at 50
Not reported . o .
Colombat et | 15 eaied FL | 50 | 73%/20% | 10/36 relapsed at | 33 | 2 16/26 (62%) at 12 months;
al. (2001) | vear PCR negative had improved time
y to progression (TTP)
Mandigers et 0/ /440, 13/28; no correlation between
al. (2001) Untreated FL | 34 | 78%/44% 23 months 28 TTP and PCR status
Untreated or . T
Czuczman et previously 40 | 95%/55% Not treated 8 7/8; 5/7 molecular remission for
al. (1999) treated FL over two years
Rambaldi et 59% (12 wks), 74% (20 wks),
:l (2002) Untreated FL | 128 | 94%/57% 77 | 63% (44 wks), improved FFR in
) PCR negative patients

MRD detection has also been used to evaluate other biological therapies such as
interferon therapy. Thirty-five patients with previously treated FL were treated with CVP and a
3-month course of interferon-a- 2b at 3 MU/m’ (Fernandez-Ruiz et al., 2003). Maintenance
therapy with interferon was administered to 10 patients. Clinical CRs occurred in 28/35 patients
(80%) and PFS at 2 years and 5 years was 91% and 78% respectively. Molecular markers were

detected in 29/35 patients and of these 29 patients, 86% experienced a MCR in their BM. Of
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these 29 patients, 20 patients were in a clinical CR. Four out of five patients with a PR and MCR
did not have progression. Eight out of the 20 patients with a CR had molecular relapses but no
evidence of clinical relapse. Thus although this trial has shown that combination therapy with
chemotherapy and interferon can produce a relatively high MCR the results of molecular assays
did not correlate well with clinical status.

Rituximab induces high rates of MCR both in monotherapy and in combination with
chemotherapy in other types of lymphomas including aggressive types. MCR is associated with
better prognosis (Table 2.8; Solal-Celigny et al., 1999; Emmanouilides et al., 1999; Vose et al.,
1999; Foran et al., 2000).

For its high efficiency in eradicating lymphoma from BM tissue rituximab has been used in
monotherapy or in combination with chemotherapy for so called in vivo purging in patients who
are getting mobilized prior to peripheral stem cell harvest (Gianni et al., 1998; Buckstein et al.,
1999; Voso et al., 2000; Ladetto et al., 2001; Hess et al., 2002; Flohr et al., 2002; Galimberti et
al.,, 2003). Chemoimmunotherapy leads to 93% PCR negative PBSC grafts in patients with FL or
MCL while chemotherapy alone achieves 40% (p<0.007; Magni et al., 2000). These results are
even better than results after so called high dose sequential chemotherapy, which can attain 12%
of PCR negative PBPC harvests in MCL and 42% in FL. The feasibility, safety and efficacy of in
vivo purging will likely result in replacing in vitro purging in the near future. Galimberti et al.
compared in their small study (23 patients with FL) rituximab versus no rituximab as an in vivo
purging agent prior to stem cell collection. MRD was assayed by both real-time and qualitative
PCR. A total of 86% of harvests treated with rituximab were PCR negative compared with
14.3% of controls. Real-time PCR was more sensitive, although MRD negativity assessed by

clasical PCR correlated with CR rate and 5 year PFS. Quantitative analysis revealed a correlation
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between the amount of contamination in the harvests and relapse after transplantation, suggesting
that a very low amount of contamination does not appear to negatively affect outcome.
According to Buckstein 3 cycles of rituximab prior to stem cell mobilization did not eliminate
PCR detectable disease in most grafts (assessed by qualitative nested PCR), but rather several
log reductions in lymphoma contamination were achieved. Despite low levels of contamination,
80% have achieved and maintained MCR in serial PB and BM samples post-transplant
(Buckstein et al., 1999). In addition to purging, rituximab has been also used as consolidation

post-HDT and showed great potential for eradicating MRD (Horwitz et al., 2004).

Table 2.8: Induction of molecular remission in NHL patients after treatment with monoclonal
antibody anti-CD20.

(LG- low grade; 1G- intermediate grade; HG- high grade; FL- follicular lymphoma; MCL-
mantle cell lymphoma; R- rituximab (anti-CD20); CHOP- cyclophosphamide, vincristine,

Adriamycin, prednisone; Mit- mitoxantrone; Cy- cyclophosphamide; DFS- disease free

survival.)
No. of
Author NHL Therapy MCR Note
relapses
Solal-Celigni et al. 57%
FL R 6% (1/17) In I* year
(1999) (17/30)
Emmanouilides et . 71%
LG Mit+ Cy+ R Na
al. (1999) (5/7)
Vose et al. 85% Expected longer DFS
IG + HG R-CHOP Na
(1999) (11/13) and OS
Foran et al. 48% .
MCL R-CHOP Na Median DFS 16 months
(2000) (11/23)
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A retrospective comparison from the former International Bone Marrow Transplant
Registry (IBMTR) included 904 patients undergoing autologous and allogeneic SCT for FL
found that purged autotransplants had a 26% lower recurrence risk than unpurged
autotransplantation. Five year treatment related mortalities were 30, 14 and 8% and 5- year
recurrence rates were 21, 43 and 58% for allogeneic, autologous purged and autologous
unpurged stem cell transplants, respectively (van Besien et al., 2003). A case control study using
European Bone Marrow Transplantation (EBMT) Registry data in 448 patients (100 low grade)
found no significant difference in PFS for patients whose BMs were purged compared with
unpurged BMs, although in a sub-group analysis patients with indolent NHL (»=100) and purged
BM transplants at large transplant centers had improved OS but not PFS compared with
unpurged BM recipients (p=0.0016; Williams et al., 1996).

In one retrospective study of low, intermediate and high grade lymphomas (#=65 total)
treated with autologous peripheral stem cell or bone marrow cell transplantation the actuarial
relapse free survival (RFS) at 5 years for patients who received tumor negative grafts (Southern
Blot BCL-2/], sensitivity 0.01%) was 64 and 57% compared with 17% if the BM harvest was

histologically negative but MRD contaminated (Sharp et al., 1996).

2.5.2.3 Minimal residual disease after high dose chemotherapy.

The clinical situation in which MCR has been most extensively investigated and

validated for prognostic importance is post- HDT. HDT followed by ASCT has been successful

in attainment of PCR negativity with a broad range of efficiency between 42- 70% (Zwicky et

al., 1996; Corradini et al., 1997; Horning et al., 2001; Gribben et al., 1993; Andersen et al.,
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1997). It has been observed that patients with FL who had myeloablative chemotherapy and
autologous transplant had improved DFS if their PB and BM became PCR negative. Ongoing
MCR is strongly predictive of continued CR (Ladetto et al., 2002 and 2008; Apostolidis et al.,
2000; Sharp et al., 1996; Hardingham et al., 1995; Corradini et al., 1997). Several prospective
studies are listed in Table 2.9.

Probably the longest experience with MRD monitoring in the ASCT setting comes from
the Dana Farber Cancer Institute (DFCI). Gribben et al. were one of the first to publish that
immunological purging of autografts in addition to high dose therapy leads to high rates of MCR
in patients with low and intermediate grade lymphomas (Table 2.10; Gribben et al., 1993). This
was followed by reports from Freedman et al (1999 and 2000) who transplanted 153 patients
with relapsed and heavily pretreated FL with ASCT following Total Body Irradiation (TBI)
conditioning and in vitro purging with monoclonal antibody and complement. Only 30% were in
clinical CR at BM harvest and overt BM infiltration was present in 47%. Actuarial DFS and OS
at 8 years were 42% and 66%, respectively and 12 year survival from diagnosis was 69%
suggesting a prolongation of survival with HDT and ASCT compared with historical controls.
Patients with successfully purged BM grafts as measured by PCR for bcl-2/IgH rearrangement
experienced longer freedom from recurrence than those whose BM remained PCR positive. PCR
positivity in the graft increased the risk of failure to 11.7 times that of patients who were PCR
negative. Continued PCR negativity in follow-up samples was also strongly predictive of
continued CR. Virtually all relapses occurred in the first 4 years after ASCT, suggesting that a

subset of patients was cured (Freedman et al., 1999).
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Table 2.9: Significance of MRD in patients undergoing ASCT. Abbreviations used: MCR,
molecular remission; CR, complete remission; PFS, progression free survival, PR, partial
remission; DFS, disease free survival, BM, bone marrow; OS, overall survival, ASCT,
autologous stem cell transplant; HDT, high dose sequential chemotherapy; MAb+C, monoclonal
antibody+complement; Cy/TBI, high dose cyclophosphamide and total body irradiation; f/up,
follow-up; PBSC, peripheral blood stem cells, pts- patients.

Reference Brice et al Moos et al Freedman et Ladetto et al Hardingham
(2000) (1998) al (2000) (2002) et al (1995)
N 153 relapsed 99 relapsed 92‘ﬁr‘st 47 (?5 ‘ﬁrst 28 relapsed or
remission remission) progressed
Stem cell
BM BM PBSC PBSC PBSC
source
. In vitro In vitro .
Purging MAb+C MAb+C In vivo HDT No No
Pts in CR at
ASCT (%) 36 38 88 46 14
Conditioning Cy/TBI Cy/TBI Mitoxantronet | o ipg, BEAM
melphalan
DFS %
(years) 42 (8) 63 (5) 67 (4) 40 (4) 33(2)
OS % (years) 66 (8) 69 (5) 84 (4) 86 (10) 54 (2)
Yes 24/81 in
CR status, No No CR and 5/6 in NA NA
prognostic: PR relapsed
MCR (%):
Graft 43 31 47 28 48
BM f/up 54 64 65 56 68
MCR
prognostic for
PFS in:
Graft Yes Yes No No No
BM f/up Yes Yes Yes Yes Yes

Apostolidis and colleagues transplanted 99 patients with recurrent FL as consolidation of
second or subsequent remission. 5- year FFS and OS were 63% and 69%, respectively. For

patients with measurable disease, the absence of a PCR detectable bcl-2/IgH rearrangement
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during follow-up was associated with a significantly lower risk of recurrence (hazard ratio, HR=
0.13, p<0.001) and death (HR= 0.25; p= 0.02). PCR status of reinfused BM did not correlate
with outcome. These results, in keeping with those from the DFCI following HDT and from the
MD Anderson Center after conventional chemotherapy lends support to the concept that MCR is

a goal worth achieving since it correlates with prolonged remission (Apostolidis et al., 2000).

Table 2.10: Analysis of MRD in patients with low grade (LG) and intermediate grade (IG)
NHL treated by ASCT (Gribben et al., 1993). (cont. PCR- continuous PCR negativity, cont.
PCR+ continuous PCR positivity, PCR+ — PCR- patients who converted to PCR negative, PCR-
— PCR+ patients who converted to PCR positive, PCR+/PCR- patients with mixed results

during follow up)

After Cont. Cont. PCR+—> | PCR-> PCR+/
ASCT PCR- PCR+ PCR- PCR+ PCR-
Patients | 43% (58) | 26% (35) | 14% (19) | 10% (14) | 6% (8)
Relapses 0% 71% 25) | 0% (19) | 47% (6) | 25% (2)

In one Australian study the DFS of high risk NHL patients (46% low grade) was
significantly shortened in patients in whom lymphoma cells were detected by PCR in serial BM
samples post-transplant and these patients had a 24-fold higher risk of relapse (p=0.03). Presence
of PCR positive cells in the graft did not influence OS (Hardingham et al., 1995). Ladetto and
colleagues, in a prospective multicentre study, evaluated intensified purging-free high-dose
sequential chemotherapy with peripheral autografting in 92 previously untreated patients aged
<60 years with advanced stage FL. A total of 87% completed the planned treatment schedule.

CR was 88%, while OS and DFS at 4 years were 84% and 67%, respectively. PCR negative
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harvests were collected in 47% of cases (Ladetto et al., 2002, Corradini et al., 1997). Following
autograft, 65% of the evaluable patients achieved CR and MCR. The DFS of this group was
85%. The DFS for PCR negativity versus positivity in graft or in follow-up showed statistically
different curves. Only 12% of those achieving PCR negativity post-ASCT relapsed compared
with a relapse rate of 77% in those who failed to achieve molecular remission.

Recently Coiffier et al. presented retrospective data from two trials (GELF-86 and GELF-
94) showing that treatment of relapsed FL represented by a combination of salvage
chemotherapy and rituximab followed by HDT was superior to rituximab-containing
chemotherapy alone (Coiffier et al.,, 2007). These observations were recently expanded by
publication of the first randomized trial using PCR results in FL patients (Italian GITMO ILL
trial), in which the molecular data were evaluated prospectively. The authors reported that
achieving MCR s critical for effective disease control, regardless of which treatment is used, but
they also stated that the high dose sequential therapy with rituximab ensures superior disease and

molecular outcome over standard chemoimmunotherapy (Ladetto et al. 2008).
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3. MOLECULAR EVALUATION OF PATIENTS WITH B-CELL
LYMPHOPROLIFERATIVE DISORDERS TREATED AT OUR

INSTITUTION.

3.1. SAMPLES OF PATIENTS SUBMITTED FOR MOLECULAR
EVALUATION

The study was performed using samples from patients who were diagnosed and treated for
indolent B-cell lymphoproliferative disorders at the |* Department of Internal Medicine at

Charles University General Faculty Hospital in Prague, Czech Republic.

Figure 3.1: Overview of diagnoses from samples submitted for PCR evaluation. CLL/SLL-
chronic lymphocytic leukemia or small lymphocytic lymphoma; FL- follicular lymphoma, MCL-
mantle cell lymphoma; DLCL- diffuse large cell lymphoma, MALT- mucosa associated
lymphoid tissue lymphoma; NHL-US- nonhodgkins lymphoma, unspecified; other- other
diagnosis.

3% 6%

Between November 1999 and July 2002 there were 945 samples submitted for PCR

detection of molecular markers (translocation t(14;18) and translocation t(11;14) and also
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CDRIII rearrangement) from 432 patients, 350 were new patients. The actual histological

subtypes and molecular markers are summarized in Figure 3.1, Tables 3.1 and 3.2

Table 3.1: The number of PCR positive and negative results in submitted material. (LN-
lymphnode; BM- bone marrow; PB- peripheral blood; PBPC- peripheral blood progenitor cells;
IgH-CDRIII- immunoglobulin heavy chain gene- complementarity determining region I11I; MBR-
major breakpoint region; MTC_ major translocation cluster; other tissues such as spleen, skin or

gastric biopsies are not included).

Diagnostic material
Positive result
LN BM PB PBPC
IgH-CDRIII 28 183 74 26
t(14;18)-MBR 3 44 9 1
t(11;14)-MTC > 14 7 2
Negative 27 362 117 42
Total tested 61 603 207 71

Our institution has a large referral base and these results include all submitted samples.
They include patients who were suspected to have a lymphoproliferative disorder, but then were
diagnosed with either different malignancy or malignancy may have been ruled out completely.
These results also include referred patients whose samples were sent only one time and they
were lost to follow up. This explains the relatively low percentage of detected molecular

markers.
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Table 3.2: Detection of molecular markers in particular diseases. (CLL/SLL- chronic
lymphocytic leukemia or small lymphocytic lymphoma; FL- follicular lymphoma, MCL- mantle
cell lymphoma; DLCL- diffuse large cell lymphoma; NHL-US- nonhodgkins lymphoma,
unspecified; MALT- mucosa associated lymphoid tissue lymphoma; other- other diagnosis;
CDRIII- complementarity determining region III; MBR- major breakpoint region; MTC- major

translocation cluster).

Percentage of detected molecular markers
Disease
CDRIIN t(14;18)-MBR t(11;14)-MTC
CLL/SLL 88.7 0 0
FL 42.2 20.6 0
MCL 65.5 0 26.0

DLCL 34 0 0
NHL-US 12.5 3.1 0
MALT 7.1 0 0
Other 19.6 0.9 0

We have noticed a significant increase of diagnostic samples submitted for PCR
evaluation. The molecular biology laboratory received 243 samples in the year 1999, 295
samples in the year 2000 and 553 in the year 2001. It was projected that in the year 2002 there
would be approximately 350 samples sent for PCR testing. This together with the fact that the
molecular biology laboratory was internationally accredited (namely by the Royal College of
Pathologists of Australasia Quality Assurance Programs Pty Ltd) | see as one of positive
outcome of work related to my thesis. The awareness of molecular testing and monitoring of
MRD increased rapidly among the clinicians and thus I feel that aim one of my PhD work was

accomplished.
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3.2. CORRELATION OF MINIMAL RESIDUAL DISEASE AND CLINICAL
OUTCOME

Because of the difficulties mentioned above we were able to follow longitudinally 57
patients with indolent lymphoproliferative disorders who had molecular marker detectable by
PCR. These patients represent the core of the first manuscript in the Appendix, which is
presented in its entirety (see Appendix I). Main points will be discussed here briefly.

We have evaluated the impact of molecular remission on clinical outcome. We have also
assessed the effect of treatment approach on patients’ outcome. For the purpose of this study we
have therefore excluded also all patients who received treatment with rituximab as a salvage
therapy after they failed previous ASCT. This was another reason why we had only 57 patients
available for our evaluation. The first group of patients was treated with rituximab based
chemoimmunotherapy and the second group received rituximab based chemoimmunotherapy
followed by ASCT. The treatment groups were not randomized and the decision whether ASCT
was pursued was made by treating physician. Since PBPC were available for MRD evaluation,
we also assessed the implications of MRD contaminated autografts on outcome.

Failure to achieve molecular remission was identified as independent risk factor regardless
of treatment modality (HR for PFS 3.489 (1.7071-7.1309), p= 0.001, and HR for OS 4.6848
[1.6071-13.6567], p= 0.005; see Appendix I- Table 4). Patients with disease detectable by PCR
had shorter PFS in contrast with patients in MCR after rituximab (median 0.75 and 2.5 years
respectively; p=0.006; see Appendix I- Figure 3A) or patients in MCR after rituximab followed
by ASCT (median 3.3 years; p=0.0032). PCR positive patients had a 5-year OS of only 40%
compared to a 5-year OS of 76% for PCR negative patients after rituximab (p=0.0186) and 86%

PCR negative patients after rituximab followed by ASCT (p=0.003; see Appendix I- Figure 3B).
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All 9 patients transplanted with PCR positive grafts relapsed (p=0.0023) with shorter PFS, but
had still excellent OS (p=0.0008; see Appendix I- Figure 5). Rituximab based therapy induced
MCR in 25 (64%) compared to 18 (100%) patients after rituximab followed by ASCT (p
=(0.0025). We observed no difference in PFS between transplant group (3.3 years) and rituximab
based treatment (1.9 years), but the 5- year OS of patients with transplant was 86% and 62%
respectively (p= 0.041; see Appendix I- Figure 1).

The study conclusions were: patients with indolent B-LPDs who achieve MCR have better
prognosis; not attaining MCR was a strong predictor for relapse and shorter OS. Rituximab
based therapy induces MCR in high number of patients, which can be further improved by ASCT

and those patients then have an excellent outcome. Patients with PCR positive PBPC harvest are

at high risk of relapse after ASCT.

3.3. OBSERVATIONS FROM SEQUENCING OF MOLECULAR

MARKERS

We have reported the use of comparative duplex PCR for monitoring of MRD is
feasible (Slavickova et al. 2005; see Appendix II). We planned to employ real-time PCR
eventually. It became clear that in order to do so we needed to know the specific
sequences of each patient’s molecular marker. Otherwise the sensitivity of our MRD
evaluation would decrease. The sequencing project was not completed before the end of
my presence at the institution; however we were able to report some interesting
observations from sequencing several patients with so called biallelic rearrangements
(Cerny et al. 2004) and also a few case reports using sequencing results (Cerny et al.

2003a, 2003b and 2003c). These articles are in Appendix I1I-VI.
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In the study with biallelic rearrangements we have reported a group of patients with
CLL/SLL who had both alleles for the immunoglobulin heavy chain genes rearranged (bilgH)
and detectable by PCR. Although we have observed some clinical differences such as increase
incidence of autoimmune disorders in patients with bilgH the presence of bilgH had no impact
on patients’ outcome as measured by PFS or OS. This study confirmed that true biclonalities are
very rare, but biclonalities should be ruled out as they may have prognostic and therapeutic
implications. The presence of additional PCR band significantly affects the sensitivity of PCR
and this should be taken into consideration for purposes of quantitative MRD monitoring. We
have also confirmed that biclonality ought to be ruled out by a combination of at least two

methods.
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4. CONCLUSIONS

The achievement of molecular remission is a realistic goal in patients with B-LPDs
and should be the aim of treatment especially for young patients and patients that have
unfavorable prognostic factors. Our observations suggest that molecular emission is a
strong predictor of prolonged survival. We have also seen that more intensive therapy
ensures superior outcome. Similar observations were recently reported by a randomized,
multicenter phase III trial in patients with FL, which was the first trial to prospectively
explore the value of MCR as a prognosis predictor and to determine whether treatment intensity
showed any difference in patients’ outcome (Ladetto et al., 2008). While awaiting the data
from other ongoing studies to mature and quantify the relevance of MRD and OS, efforts
should be focused on making flow cytometry and/or molecular monitoring of MRD
routinely available to most centers and further optimizing and standardizing these
sensitive and sophisticated methods. An upcoming challenge will be to revise the current
response criteria accordingly. The evaluation of MRD and its physiologic relevance will
need to be incorporated in the guidelines for the management of lymphoproliferative

disorders.
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ABSTRACT:

Autologous stem cell transplantation and rituximab based therapy represent effective treatments
of indolent B-cell lymphoproliferative disorders that often induce molecular remission. We
assessed the impact of molecular remission after treatment on prognosis of 57 patients with
indolent B-cell lymphoproliferative disorders. We also evaluated the impact of therapy on
patients’ outcome. Failure to achieve molecular remission was identified as independent risk
factor regardless of treatment modality. Patients with disease detectable by PCR had shorter
progression free survival in contrast with patients in molecular remission after rituximab (median
0.75 and 2.5 years respectively; p=0.006) or patients in molecular remission after rituximab
followed by autologous stem cell transplantation (median 3.3 years; p=0.0032). PCR positive
patients had a 5-year overall survival of only 40% compared to a 5-year survival of 76% for PCR
negative patients after rituximab (p=0.0186) and 86% PCR negative patients after rituximab
followed by autologous stem cell transplantation (p=0.003). All 9 patients transplanted with PCR
positive graft relapsed (p=0.0023) with shorter progression free survival (p=0.0008). Rituximab
based therapy induced molecular remission in 25 (64%) compared to 18 (100%) patients after
rituximab followed by autologous stem cell transplantation (p =0.0025). We observed no
difference in progression free survival between transplant group (3.3 years) and rituximab based
treatment (1.9 years), but the 5- year overall survival of patients with transplant was 86% and
62% respectively (p= 0.041). Patients with indolent lymphoproliferative disorders who achieve
molecular remission have better prognosis. Rituximab based therapy induces molecular
remission in high number of patients, which can be further improved by autologous stem cell
therapy and patients have an excellent outcome. Patients with PCR positive harvest are at high

risk of relapse after autotransplantation.
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INTRODUCTION

Follicular lymphoma (FL), mantle cell lymphoma (MCL), small cell lymphocytic lymphoma
(SLL) together with chronic lymphocytic leukemia (CLL) represent most frequent subtypes of
indolent B-cell lymphoproliferative disorders (B-LPD). Indolent B-LPDs are characterized
typically with widespread disease at the time of diagnosis. A high percentage of patients achieve
complete remission (CR) after treatment of this disease, however it is currently incurable by
conventional chemotherapy. Relapses are the primary reason for treatment failure. It is generally
accepted that minimal residual disease (MRD) contributes to relapses of hematological
malignancies. [1] The situation with no detectable MRD is called molecular complete remission
(MCR), and is defined as disappearance of previously detectable molecular marker. MCR
correlates with better clinical outcome. Only a limited number of studies have shown that MCR
(or PCR negativity) can be achieved by a standard chemotherapy alone. [2] On the other hand,
intensive sequential chemotherapy or high dose therapy (HDT) with autologous stem cell
transplantation (ASCT) can induce PCR negativity in a significant number of patients with
indolent lymphomas. [3-5] In these studies, PCR negative patients have significantly better
disease free survival than PCR positive patients (at 12 years: 85% vs 20%). [6,7] It has been also
demonstrated that monoclonal antibody anti-CD20 (rituximab) can induce MCR in significant
number of patients with lymphomas (both indolent and aggressive). [8-11] The patients who
achieved MCR after first line therapy had a better clinical outcome that those patients that did not.
[12] Because of reported high efficiency in eradicating lymphoma from BM, rituximab has been
used in monotherapy or in combination with chemotherapy for vivo purging of patients getting
mobilized prior to peripheral stem cell harvest. [13,14] This raises the following question. Is

molecular remission an independent prognostic factor for patients with indolent B-LPD, or does a

Appendix -3



particular type of therapy influence the patient’s outcome? Our study assessed the prognostic
impact of PCR status after treatment in patients with indolent B-LPDs. We have compared the
efficacy of rituximab based therapy (with or without standard chemotherapy) versus rituximab
based therapy followed by HDT and ASCT in achieving MCR. We have also evaluated the
impact of contamination of autografts by tumor cells as detected by PCR. MRD was evaluated by
a combination of molecular markers: translocation t(14;18) for FL patients [15] and translocation
t(11;14) in patients with MCL [16] and complementarity determining region III (CDRIII)
rearrangement for heavy chain immunoglobulin gene (IgH) in patient with CLL and in all patients

who do not have t(14;18) or t(11;14) detectable by PCR. [17]

DESIGN AND METHODS

Patients

Data was collected on 57 patients diagnosed with an indolent B-LPD between November 1999
and July 2002, who had PCR detectable molecular markers. The patients received treatment at 1%
Department of Internal Medicine, Charles University, General Faculty Hospital, Prague, Czech
Republic. The first group of patients was treated with either rituximab based therapy (rituximab
alone and/or rituximab with chemotherapy) deemed treatment group R. The second group of
patients received rituximab based therapy followed by autologous stem cell transplantation
(ASCT). Patients were treated based on the decision of treating physician. Patients with chronic
lymphocytic leukemia were grouped together with patients that had small cell lymphoma and
will further be referred to as CLL. CLL patients were not part of comparisons of lymphoma

specific characteristics (e.g. International prognostic index).
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Clinical Monitoring

Baseline evaluation included clinical examination, radiography of the chest, computed
tomography (CT) of the chest, abdomen, and pelvis, and unilateral bone marrow biopsy.
Laboratory testing included routine hematology, serum chemistries, serum immunoglobulin
levels, lactate dehydrogenase, and beta-2-microglobulin assays of blood and urinalysis. The
patients had hematology and serum chemistry evaluations together with full tumor restaging after
completion of treatment every 3 months within the first year and every 6-12 months thereafter.
The clinical and molecular monitoring was performed before therapy and during the follow up

period until relapse or progression occurred.

Therapy:

Monoclonal antibody anti-CD20 (rituximab, Mabthera®) was given at a dose of 375 mg/m’ by
intravenous infusion for a total of 4 dosages (days 1, 8, 15, 22) on an outpatient basis. The drug
was administered according to standard manufacturer's guidelines. In cases when rituximab was
given together in combination with a standard chemotherapeutic regimen, it was administered on
the first day of the combination. The chemotherapeutic regimens used were ESAP
(methylprednisolon, etoposide, cisplatin, cytarabine; n=18), FIlu-Cy (fludarabine,
cyclophosphamide; n=8), Flu (fludarabine; n=2), IVE (ifosphamide, etoposide, epirubicin; n=2),
CHOP (cyclophosphamide, doxorubicin, vincristin, prednisone; n=2), CVP (cyclophosphamide,
vincristin, prednisone; n=2), ICE (ifosphamide, etoposide, carboplatin; n=1) or PACEBO
(ifosphamide, etoposide, epirubicin; n=1). Groups were not randomized and treatment decisions

were made based on patient’s clinical situation by the treating physician or the patient.
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High dose therapy
The is defined as the following preparative regimens: BEAM 200 (BCNU, etoposide 200mg/m",
cytarabine, melphalan) in 6 patients or BEAM 400 (BCNU, etoposide 400mg/m™, cytarabine,

melphalan) in 12 patients.

Molecular detection of oncogene-JH gene or complementary determining region (CDRIII)
rearrangements before during and after therapy.

The molecular studies were performed on lymph node samples (LN), bone marrow samples
(BM) and/or, peripheral blood samples (PB) at the tiine when disease was active (diagnosis,
progression, relapse detected by FACS or histology). BM and PB samples were tested during the
follow up period and peripheral blood progenitor cells (PBPC) were tested prior to
transplantation. All samples were collected and DNA was extracted using standard procedures
with precautions to avoid cross-contamination. For detection of t(14;18), approximately 1 mg of
DNA was amplified using MBRA-(TATGGTGGTTTGACCTTTAG) specific nucleotide
together with JH-(ACCTGAGGAGACGGTGACC) oligonucleotide and RedTaq polymerase
(Sigma, Prague, Czech Republic). For detection of t(11;14), approximately 1 mg of DNA was
amplified using MTC C-(CTACTGAAGGACTTGTGGGTTGCT) specific nucleotide together
with JH-(ACCTGAGGAGACGGTGACC) oligonucleotide and RedTaq polymerase (Sigma,
Prague, Czech Republic). We used a touchdown PCR technique that has been described
previously. [18]

Samples in which the PCR did not detect oncogene-JH rearrangement were further assayed for
the presence of CDRIII rearrangement. For each CDRIII detection reaction, approximately 1

mg DNA was amplified using FR3A-(ACACGGCYSTGTATTACTGT) oligonucleotide,
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together with JH-(ACCTGAGGAGACGGTGACC) oligonucleotide and RedTaq polymerase
(Sigma, Prague, Czech Republic). Each reaction included: 5 min at 94°C followed by 30 cycles
0f 94°C 45 sec, 58°C for 1 min 30 sec, 72°C for 1 min 30 sec, followed by 72°C for 7 min.

Each reaction contained positive (CDRIIl, MBRA, or MTCC positive DNA) and negative
control (normal DNA isolated from PB of healthy individuals). PCR products were visualized on
agar gel stained with ethidium bromide. Under these conditions, the sensitivity of CDRIII
detection was 10 positive cells in 10° normal cells, the PCR detection of t(14;18) or t(11;14) had

higher sensitivity (10 or less positive cells in 10° normal cells).

Definitions

Complete remission (CR) and/or partial response (PR) in lymphoma patients were scored
according to the criteria reported by Cheson et al. [19] The National Cancer Institute (NCI)-
sponsored Working Group guidelines were applied for the definition of response and time to
progression in patients with CLL (with 2 minor modifications: To be considered a complete
remission (CR) or partial remission (PR), the patient must maintain the response criteria for at
least 1 month, and down-staging of a stage must occur to define a remission). [20]

Disease status at the time of rituximab therapy was as defined as follows: 1- previously untreated
or 1% partial remission; 2- 1¥ progression or 1% relapse; 3- 2" partial remission or 2" relapse; 4-

2" and higher progression or resistant disease (Tables 1-3).
Statistical analysis:

Comparisons of clinical characteristics between individual groups of patients were performed

with non-parametric Wilcoxon and Mann- Whitney tests. The differences were tested at the level
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of significance 0.05 (p-value). We have also performed a Cox regression or stepwise Cox
regression analysis (multivariate analysis) of clinical characteristics and tested whether they had
an impact on patients’ prognosis (overall survival or progression free survival). The survival
curves were estimated by the method of Kaplan and Meier and compared by the log rank

test.[21]

RESULTS:

Baseline descriptive values

57 patients with B-LPD had detectable molecular marker by PCR. Their median age was 55 years
(23 to 76 years). There were 28 females (49%). Eighteen (32%) patients were diagnosed with
CLL, 27 (47%) had FL and 12 (21%) patients were treated for MCL. The most frequent molecular
marker was CDRIII in 30 patients (53%), followed by t(14;18) in 20 patients (35%) and in 7
(12%) patients t(11;14) was used. The majority (87%) of patients was diagnosed with advanced
disease (stage IV: 76% and stage IlI: 11%). B symptoms were present in 42% cases at the time of
diagnosis. When calculating international prognostic index (IPI) for patients with lymphoma, we
found that IPI was 1,2 and 3 in 53%, 36% and 11% of patients respectively. Approximately two
thirds (69%) of patients had untreated disease, |1* partial remission (PR) or I* progression (Prog)
or relapse (Rel) at the time of study entry. Remaining patients (31%) had 2™ PR (or 2™ Rel) or 2™
and higher Prog or resistant disease (RD). Consequently 61% patients received less than 2 lines of
previous therapy. Thirty nine (68%) patients received R based therapy and were then monitored
and eighteen (32%) patients completed treatment with R +/- chemotherapy followed by ASCT.

Forty five (79%) patients achieved complete remission (CR) as best response to therapy. The total
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of 43 patients (75%) attained MCR after treatment. We have observed 38 (67%) progressions or

relapses and 16 (28%) deaths during the follow up period (media 4.7 years). See alsoTable 1.

Comparison of baseline clinical characteristics risk factor analysis based on PCR status.

The impact of different variables was assessed using univariate (see Table 2) and multivariate
analysis (Table). Cox regression analysis showed that only no MCR had an adverse impact on
OS. Also each additional line of pretreatment had a stepwise impact on shorter OS (see Table 4).
When analysis was performed without considering PCR results then no CR was a strong predictor
for adverse outcome. The stepwise impact on shorter OS by each additional line of pretreatment
was similar (see Table 4). All these risk factors were even stronger predictors for shorter PFS (see
Table 4). Taken together, these data suggest that successful induction of MCR early in the course
of disease correlates with longer survival.

The group of 43 patients who became PCR negative after treatment did not differ from patients
who remained PCR positive with regards to gender, and age (see Table 2). There were also no
statistical differences in clinical stage, number of previous treatments, and disease status at the
time of rituximab between both groups of patients (PCR negative vs PCR positive). A univariate
analysis showed that majority of PCR negative patients had FL (36; 60.5%), CLL (9; 64.3%)
patients represented majority of PCR positive patients (p=0.00141). Attainment of MCR was
easiest among patients with t(14;18) (95%) followed by patients with CDRII1 marker (66%) and
then patients with t(11;14) (57%; p=0.0361). Only 13 (34.2%) PCR negative patients experienced
B symptoms when compared to 7 (70%) of PCR positive patients at the time of therapy initiation
(p=0.047). All 43 (100%) PCR negative patients achieved CR as a best result of therapy

compared to only 2 PCR positive patients (14.3%; p<0.00001). The total of 25 (58.1%) PCR
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negative patients experienced disease relapse/progression while 13 (92.9%; p—0.0216) patients
with PCR positivity developed disease relapse/progression. The total of 8 (18.6%) PCR negative
patients died whereas there were 8 (57.1%) deaths among the PCR positive patients during follow
up period. Taken together, these data show that patients with MCL and or CLL are less likely to
achieve MCR when standard chemoimmunotherapy is used. Not surprisingly patients with
detectable disease recur faster, more often and eventually succumb to their disease more likely

than patients who achieved MCR.

Comparison of baseline clinical characteristics risk factor analysis based on the type of
therapy.

Despite no randomization there were no statistical differences between the R and R-ASCT in
following patients’ clinical characteristics: age, sex, histological diagnoses, molecular markers,
clinical stage, presence of B symptoms, international prognostic score, number of previous
treatments, disease status at time of therapy, relapse/progression rate or number of deaths. We did
not observe any difference in outcome whether rituximab was given alone or together with
chemotherapy, which further justified our plan to group these patients together in one group.

The group of patients treated with R based therapy included 39 patients (18 women, 46.2%). They
were 23 to 76 years of age (median 57). The group of patients treated with R therapy followed by
ASCT included 18 patients (10 women, 55.6%). They were 38 to 62 years of age (median 53). R-
ASCT induced complete remission in all 18 (100%) patients; all 18 (100%) patients were also
PCR negative. Rituximab based therapy induced 27 (69.2 %; p< 0.0214) complete remissions,
and 25 patients were PCR negative (64.1%; p= 0.025). Further details are in a Table 3. In vivo

purging achieved 8 (47%) PCR negative PBPC harvest prior ASCT. These data suggest that
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chemoimmunotherapy induces high rates of MCR, which can be further improved when followed

by ASCT.

Survival analysis based on PCR status after therapy and on type of therapy.

The median follow up of living patients was 4.7 years (0.3-6.3 years). There were 38 (67%)
relapses/progressions and 16 deaths (28%) recorded. The PFS was not affected by histological
diagnosis, molecular marker, age at time of treatment, sex, clinical stage and IPI. There was no
difference in PFS between R-ASCT (3.3 years) and R (1.9 years; Figure 1A). The 5- year overall
survival was 86% and 62% for R-ASCT patients and R patients respectively (p= 0.041; Figure
1B). We did not observe difference in OS based on histological diagnoses, molecular marker,
number of previous therapies, age at time of treatment, sex, clinical stage and 1PI.

Patients that became PCR negative had significantly better PFS (median 3.1 years) than patient
with PCR positivity (median 0.75 years; p=0.0006; Figure 2A). This resulted in an improved 5-
year survival 80% and 40% for PCR negative and PCR positive patients respectively (p= 0.001;
Figure 2B). Survival analysis based on both PCR status and type of therapy showed that patients
who remained PCR positive did poorly in contrast with PCR negative pts after R (median PFS
0.75 and 2.5 years respectively; p=0.006) or PCR negative pts after R-ASCT (median 3.3 years;
p=0.0032; Figure 3A). PCR positivity rendered 5-year overall survival of 40% when compared
to 76% for PCR negative pts after R (p=0.0186) and 86% PCR negative pts after R-ASCT
(p=0.003). There was no difference in PFS or OS of PCR negative patients who received R or R-
ASCT (Figure 3B). Presence of B symptoms at the time of initiation of therapy correlated with
significantly shorter PFS (median 1.3 years) compared to symptom free patients (median 3.2

years; p=0.0058; Figure 4A). B symptoms were also connected with significantly shorter OS
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compared to symptom free patients (5- year OS 10% AND 44% respectively; p =0.0412; Figure
4B). Patients that achieved CR had a longer PFS (3.1 years) when compared to patients with less
than CR (0.6 years; p<0.0001). This translated into a better 5-year OS 78% and 38% for patients
in CR and less then CR respectively (p= 0.0008). We have also noticed that more pretreated
patients (2 or more lines of previous therapy) were more likely to experience disease
relapse/progression than patients with less than 2 previous treatments with PFS 1.4 years and 3.2
years respectively (p= 0.0065). The 5-year OS was not different between patients with 2 or more

and less than 2 previous lines of therapy; it was 78% and 58% for patients respectively.

The implications of PCR positive PBPC harvest

The total of 17 PBPC harvests were available for evaluation by PCR. The total of 8 (47%) of the
harvests were PCR negative. All 9 (100%) patients who were transplanted with PCR positive
PBPC autograft relapsed compared to only 2 (25%) relapses in patients who were transplanted
with PCR negative PBPC (p=0.0023). Patients who received contaminated PBPC also had
significantly shorter PFS (44.4 % at 3 years) compared to patients with PCR negative autografts
(85.7% at 3 years, p= 0.0008; Figure SA). However the OS was not statistically different
between both groups of patients (75% vs 100% at 5 years; p=ns; Figure 5B).

In univariate analysis the PBPC contamination was not affected by any of the following clinical
characteristics: sex, age at time of therapy, histological diagnosis, molecular marker, clinical
stage, presence of B symptoms, IPI, number of previous therapies, and disease status at the time
of rituximab initiation. These data suggest that patients transplanted with contaminated PBPC
may still achieve not only clinical remission, but even MCR. They however always relapse. At

the same time the OS of these patients remains excellent.
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DISCUSSION:

In order to cure lymphoproliferative disorders, residual disease at the molecular level must be
eradicated. This is demonstrated by PCR negativity. [22] Major advantages coming from the
introduction of PCR monitoring include the rapid evaluation of the anti-tumor activity and early
identification of patients with high-risk of disease recurrence. This is particularly important in
the era of monoclonal antibodies, which may induce PCR negativity without adding significant
toxicity. While it is known that cells with t(14;18) (specific for FL) may be detected in the
peripheral blood of healthy individuals without causing lymphoma [23] and some patients with
follicular lymphomas remain in long remission despite PCR positivity [24] there is a growing
number of studies which have shown that patients who achieve molecular remission have better
prognosis. [4,6,12,25,26] Coiffier et al. presented retrospective data from two lymphoma trials
(GELF-86 and GELF-94) showing that treatment of relapsed FL represented by a combination of
salvage chemotherapy and rituximab followed by HDT was superior to rituximab-containing
chemotherapy alone. [27] These observations were recently expanded by publication of the first
randomized trial using PCR results in FL patients (Italian GITMO ILL trial) The authors
reported that achieving MCR is critical for effective disease control, regardless of which
treatment is used, but they also stated that the high dose sequential therapy ensures superior
disease and molecular outcome over standard chemoimmunotherapy. [25] While our study
examined a small and relatively heterogeneous group of patients, we were able to confirm that
attaining MCR after treatment is a strong prognostic factor. Our observations are in harmony
with the studies of our French [27] and Italian colleagues.[25] Patients who achieved PCR
negativity had better outcome regardless the therapy, and the combination of

chemoimmunotherapy followed by HDT achieves MCR in a high number of patients.
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We have observed longer OS in our patients with PCR negativity. Interestingly, their PFS is
similar to PCR positive patients. This is an intriguing observation; we will discuss several
factors that may have contributed this situation.

The addition of rituximab to current treatment regimens has already changed the management of
CD20 positive B-LPDs. Rituximab based therapy has been used as an in vivo purging method,
which by itself leads to high rates of MCR. [25,28,29] In our experience, combination of
rituximab with chemotherapy induced PCR negativity in approximately two thirds of patients.
We have noticed that OS and PFS of patients who were in MCR after R based treatment was not
different from patients who completed R-ASCT. Based on these observations, one could perhaps
consider harvesting PBPC at that moment and then to hold off with high dose therapy followed
by ASCT until the time of progression or relapse. Our results also confirm previous reports
[13,30] showing that patients with low levels of contamination can still achieve and maintain
MCR in serial PB and BM samples post-transplant and that level of contamination (assessed by
PCR) correlated with risk of relapse after transplantation. [30] In our experience, all patients that
received PCR positive PBPC relapsed. These relapses contributed to a relatively high relapse rate
in R-ASCT group (61.1%), which was similar to therapy with R group (61.1%). A similar
observation was previously made from a sub-group analysis of a 100 low grade lymphomas from
the European Bone Marrow Transplantation (EBMT) study when there was no difference in PFS
for patients with purged autografts compared to unpurged autografts. However patients with

purged autografts had improved OS compared with unpurged autograft recipients (p=0.0016).

All patients in our study that were transplanted with positive PBPC achieved PCR negativity (in

BM or PB), but eventually relapsed (median 2.24 years). It is very plausible that their relapses
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occurred from the contaminated PBPC. In such case the contaminating cells may have homed
initially to tissues other than BM and did not circulate through PB until relapse. Another possible
explanation may be that these cells may remain dormant at levels below PCR detection for a long
period of time prior to relapse.

The relapses in patients with positive PBPC also appeared to be relatively well controlled by
salvage therapy, which was reflected by the fact that their OS remained excellent. Several studies
have reported that rituximab may be used as consolidation after ASCT and showed great
potential for eradicating MRD. [28] This approach seems to be therefore logical in patients
transplanted with contaminated autografts and should be tested in a randomized trial.

We have also noticed observed that PCR negative CLL and MCL patients had a higher tendency
to relapse (62.5% and 77.8% respectively) than PCR negative FL patients (50%). These
differences may be explained by the different biology of the diseases. Patients with FL maintain
a long term MCR and remain disease free when compared to other types of indolent B-LPD. [29]
We have previously reported that CLL patients achieve PCR negativity at high rate after
fludarabine, cyclophosphamide and rituximab followed by ASCT, but relapses continued to
occur. [32] The sensitivity of PCR detection of CDRIII (mostly CLL patients) is lower than PCR
detection of oncogene translocations (bcl-2/IgH for FL and bcl-1/IgH for MCL). Therefore PCR
negative patients with CLL may have had actually higher levels of MRD than PCR negative
patients with FL or MCL. The different PCR sensitivity however did not lead to a different PFS
or OS in our study as CLL patients were less likely to achieve PCR negativity. It is also known
that PCR negativity in BM and or PB after rituximab does not always confer CR. [33]
Unfortunately in our relatively small group of patients we would not be able to evaluate the

pattern of the disease recurrence. Although it is not clearly established which tissue should be
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used for PCR monitoring in the follow up period, many researchers use monitoring of peripheral
blood performed whenever available and BM is tested less frequently. Evidence is lacking to
guide frequency of sampling and testing.

We can conclude that both therapeutic modalities; ASCT and rituximab, lead to high rates of
PCR negativity, which correlates with significantly prolonged PFS and OS. Combination of R
followed by ASCT has been successful in induction of molecular remission which in turn led to
significant improvement of overall survival. The achievement of molecular remission by
chemoimmunotherapy and autologous stem cell transplantation is a realistic goal in

patients with lymphoproliferative disorders and should be the aim of treatment.
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TABLES and FIGURES:

Table 1:
Age at diagnosis Median: 55 (23-76)

Female 28 (49%)
Deg.: CLL 18 (32%)
FL 27 (47%)

MCL 12 (21%)
CDRIII 30 (53%)
t(14;18) 20 (35 %)
t(11;14) 7 (12 %)
*CS: 1 6 (11%)

11 1(2%)

III 6 (11%)

1A% 42 (76%)
*Symptoms: A 28 (58%)
B 20 (42%)

*IPI: 1 24 (53%)

2 16 (36%)

3 5(11%)

Disease status: 1 22 (39%)
2 17 (30%)

3 10 (18%)

4 8 (14%)

Treatment lines: <2 35(61%)
>=2 22 (39%)

R based therapy 39 (68%)
R - ASCT 18 (32%)
Best- CR 45 (79%)
PCR negative 43 (75%)
PCR positive 14 (25%)
Relapse/Progression 38 (67 %)
Death 16 (28 %)
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Table 2.

PCR negative

PCR positive

Age at diagnosis

Median: 55 (23-76)

Median: 54 (23-76) |Median: 56.5 (44-68)
N % N %
43 74 .4 14 24.6
Sex: Females 28 (49.1%); Males 29 (50.9%)
Sex: Female 22 51.2 6 42.9
Male 21 48.8 8 57.1
Dg.: CLL (p=0.00141) 9 20.9 9 64.3
FL (p=0.00141) 26 60.5 1 7.1
MCL
l(p=0.00141) 8 18.6 4 28.6
CDRIII (p=0.0361) 20 46.5 10 71.4
t(14;18) (p=0.0361) 19 442 1 7.1
t(11;14) (p=0.0361) 4 9.3 3 21.4
CS: 1 5 11.6 1 8.3
II 1 2.3 0 0.0
111 5 11.6 1 8.3
IV 32 74.4 10 83.3
Symptoms: A
y(p=p0.0 47) 25 65.8 3 30.0
B
(p=0.047) 13 342 7 70.0
IPI: 1 (p=0.031) 19 514 5 71.4
2 (p=0.031) 16 432 0 0.0
3 (p=0.031) 3 5.4 2 28.6
Disease status: 1 19 442 3 21.4
2 12 27.9 5 35.7
3 7 16.3 3 21.4
4 5 11.6 3 21.40
Treatment lines: <2 28 65.1 7 50.0
>=2 15 34,9 7 50.0
R alone 15 349 5 35.7
R + Chemotherapy 28 65.1 9 64.3
Best- CR (p<0.00001) 43 100.0 2 14.3
Relapse/Progression
[()p=o.ozg1 5 25 58.1 13 92.9
Death (p=0.0133) 8 18.6 8 57.1
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Table .

R | R-ASCT
Age at diagnosis . Median: 55 (23-76)
Median: 57 (23-76) | Median: 53 (38-62)

N % N %

39 68.4 18 31.6
Sex: Females 28 (49.1%); Males 29 (50.9%)

Sex: Female 18 46.2 10 55.6
Male 21 53.8 8 44 .4

Dg.: CLL 13 333 5 27.8
FL 17 43.6 10 55.6
MCL 9 23.1 3 16.7
CDRIII 21 53.8 9 50.0
t(14;18) 12 30.8 8 44 .4
t(11;14) 6 15.4 1 5.6

CS: 1 2 5.4 4 22.2

II 0 0.0 1 5.6

111 4 10.8 2 11.1

1V 31 83.8 11 61.1
Symptoms: A 18 54.5 10 66.6

B 15 45.5 5 333

IPI: 1 17 58.6 7 46.7

2 9 31.0 7 46.7

3 3 10.3 1 6.7

Disease status: 1 15 38.5 7 38.9
2 11 28.2 6 33.3

3 5 12.8 5 27.8

4 8 20.5 0 0.0

Treatment lines: <2 22 56.4 13 72.2
>=2 17 43.6 5 27.8
Best- CR (p<0.0214) 27 69.2 18 100.0
PCR neg (p=0.025) 25 64.1 18 100.0
Relapse/Progression 25 64.1 11 61.1
Death 14 35.9 2 11.1
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Table 4. Cox regression analysis of risk factors.

oS PFS
Parameter  HR (95% CI) P HR (95% CI)
Excluding CR*
Lack of PCR
negativity 4.6848 (1.6071-13.6567) 0.005 3.489 (1.7071-7.1309) 0.001
Pretreatment** 1.7017 (1.1756-2.4632) 0.005 1.6735 (1.2471-2.2457) 0.001
Excluding PCR*
Lack of CR 5.3619 (1.7775-16.1812) 0.003 4.6041(2.1213-9.99  <0.001
Pretreatment** 1.7419 (1.2061-2.5157) 0.003 1.6912 (1.2593-2.2713) <0.001

*Only significant variables were included.
**Represents increase HR with each line of therapy received as pretreatment.

Figure 1:
A B
197 Median: ]
R 1.9
R-ASCT 33
Median:
R 5.62
- *R-ASCT n/a p=0.0410
PFS (years) OS (years)
Figure 2:
A B
Median: 1
-neg 3.09 —_—

-pos  0.75 p=0.0006

Median:
254 - neg n/a
=—pos 2.95 p=0.001

Pe

PFS (years) OS (years)
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LEGENDS:

Table 1: The clinical characteristics of all patients.

(Dg- diagnosis; CLL- chronic lymphocytic leukemia or small lymphocytic lymphoma, FL-
follicular lymphoma, MCL- mantle cell lymphoma; CDRIII- complementarity determining region
I1I; CS- clinical stage according to Ann Arbor (*patients with lymphomas) or according to Rai
(*patients with CLL); Symptoms - general symptoms (*only pts with lymphomas evaluated); IPI-
International Prognostic Index (*only for lymphomas); Disease status at start of therapy was as
follows: 1- previously untreated or ¥ partial remission; 2- 1% progression or 1* relapse; 3- 2™
partial remission or 2nd relapse; 4- 2" and higher progression or resistant disease; R- rituximab +/-

chemotherapy; ASCT- autologous stem cell transplantation).

Table 2: The clinical characteristics of patients based on PCR result after completed
therapy.

(Dg- diagnosis; CLL- chronic lymphocytic leukemia or small lymphocytic lymphoma, FL-
follicular lymphoma, MCL- mantle cell lymphoma; CDRIII- complementarity determining region
I11; CS- clinical stage according to Ann Arbor (lymphomas) or according to Rai (CLL);
Symptoms - general symptoms (only pts with lymphomas evaluated); IPI- International
Prognostic Index (only lymphomas); Disease status at start of therapy was as follows: |-
previously untreated or ¥ partial remission; 2- 1% progression or 1% relapse; 3- 2" partial
remission or 2™ relapse; 4- 2" and higher progression or resistant disease; R- rituximab +/-

chemotherapy; ASCT- autologous stem cell transplantation).
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Table 3: The clinical characteristics of patients treated with R or R- ASCT.

(Dg- diagnosis; CLL- chronic lymphocytic leukemia or small lymphocytic lymphoma, FL-
follicular lymphoma, MCL- mantle cell lymphoma; CDRIII- complementarity determining region
I11; CS- clinical stage according to Ann Arbor (lymphomas) or according to Rai (CLL);
Symptoms - general symptoms (only pts with lymphomas evaluated); IPI- International
Prognostic Index (only lymphomas); Disease status at start of therapy was as follows: 1-

I* relapse; 3- 2" partial

previously untreated or I* partial remission; 2- 1¥ progression or
remission or 2™ relapse; 4- 2™ and higher progression or resistant disease; R- rituximab +/-

chemotherapy; ASCT- autologous stem cell transplantation).

Figure 1: Progression free survival (A) and overall survival (B) based on therapy. (R-
rituximab, R-ASCT- rituximab followed by autologous stem cell transplantation, PFS-

progression free survival, OS- overall survival).

Figure 2: Progression free survival (A) and overall survival (B) based on PCR status after
therapy. (neg- PCR negative, pos- PCR positive, PFS- progression free survival, OS- overall

survival).

Figure 3: Progression free survival (A) and overall survival (B) based on type of therapy and
PCR result after completion of treatment. (R PCRneg- PCR negative after rituximab,
R_PCRpos- PCR positive after rituximab, R-ASCT- rituximab followed by autologous stem cell

transplantation, PFS- progression free survival, OS- overall survival).
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Figure 4: Progression free survival (A) and overall survival (B) based on presence of B
symptoms. (A- absence of B symptoms; B- B symptoms: fever, weight loss, or night sweats;

PFS- progression free survival, OS- overall survival).

Figure 5: Progression free survival (A) and overall survival (B) based on PCR status of
peripheral blood progenitor cells (PBPC). (PBPC PCRneg- PCR negative peripheral blood
progenitor cells, PBPC_PCRpos- PCR positive peripheral blood progenitor cells, PFS-

progression free survival, OS- overall survival).
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Short Communication

The Use of Comparative Duplex PCR in Monitoring
of Patients with Non-Hodgkin’s Lymphoma and Chronic

Lymphocytic Leukaemia

( duplex PCR / quantitative molecular monitoring / clinical significance )

A. SLAVICKOVA! K. FORSTEROVA!, R. IVANEK?2, J. CERNY3, P. KLENER'

'3t Clinic of Haemato-Oncology, Faculty of Medicine 1, Charles University, Prague, Czech Republic
nstitute of Molecular Genetics, Academy of Sciences of the Czech Republic, Prague, Czech Republic
3Department of Medicine, University of Massachusetts Medical School, Worcester, Massachusetts, USA

Abstract. Various quantitative PCR approaches have
been utilized during the last years to provide informa-
tion about the treatment efficacy and the risk of recur-
rent disease in haematological malignancies. Apart
from the frequently used real-time PCR, cost-saving
modified standard PCR methods may be applied as
well. This report evaluates the utility of the end-point
comparative duplex PCR. We have used this method
for monitoring of 35 patients with either NHL or CLL
and observed a good correlation between quantitative
molecular results and clinical outcome. There was also
an agreement between comparative duplex PCR and
real-time PCR in patients who were monitored by both
methods. We therefore believe that use of this tech-
nique should be strongly considered instead of simple
qualitative detection in monitoring of therapeutic out-
come in NHL or CLL patients.

The polymerase chain reaction {PCR) has become an
essential tool for molecular biologists in hacmatologi-
cal oncology. Currently, attention is namely drawn to
the exploitation of quantitative cstimation. Quantitative
data can be obtained quite comfortably by real-time
PCR. This, however, is also thc most expensive
mcthod. Thus, several cost-saving standard PCR meth-
ods have been cstablished. We have described standard
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comparative duplex PCR employing co-amplification
of clone-specific markers and internal standards. We
then evaluated relative quantitative changes of specific
discase markers in consecutive DNA samples by gel
densitometry. It is essential that duplex PCR is opti-
mized so that amplicons of all samples are compared in
sub-plateau phase of PCR. Using this approach, wc
have previously suggested co-amplification of the com-
plementarity determining region (CDR3) of the
immunoglobulin heavy chain gene (/gf7) as the discasc
marker and a segment of the /{ras | genc containing
codon 61 (ras) as the internal standard for monitoring
B-lymphoproliferative disorders (Slavickova et al..
1999, 2000).

In the current study, we show other sets of disease-
specific and normalizing markers, the agreement
between results of comparative duplex and real-time
PCR. and the applicability of the methodology in mol-
ecular monitoring of patients with non-llodgkin lym-
phoma (NHL) and chronic lymphocytic lcukacmia
(CLL).

Material and Methods
Patient samples

Thirty-five patients were followed by quantitative
PCR mcthodology. These patients were treated with
either conventional therapy, rituximab (MabTherak,
chimaeric anti-CD20 monoclonal antibody, F. Hofl-
mann-La Roche Ltd., Basel, Switzerland) in combina-
tion with fludarabine and cyclophosphamide, and
several patients underwent high-dose therapy with
autologous stem cell rescue. The group consisted of 23
chronic lymphocytic leukaemias, five mantle cell lym-
phomas, four follicular lymphomas and three diffusc
large B-cell lymphomas. The diagnosis was established
using clinical criteria, histology. histochemistry and
immunophenotyping analysis according to the modificd
REAL classification. In all paticnts the clonal
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rearrangement of complementanity determining region
3 (CDR3) of the immunoglobulin hecavy chain gene
(/g was monitored. In addition. the interchromoso-
mal translocation t(14;18-locus mbr) was used in three
patients and the t(11:14) in two patients.

DNA was isolatcd from bone marrow aspirates and
peripheral blood by the “salting out” procedure (Miller
et al., 1988), dissolved in TE and stored at 4°C until use.

Principle of comparative duplex PCR, evalua-
tion of results

Serial dilutions of consecutive DNA samples were
submitted to the same duplex PCR. The primer sets S°
AGA CGT GCC TGT TGG ACA TC 3’ with §*' CGC
ATG TAC TGG TCC CGC AT 3" or 5 CAA CTT CAT
CCA CGT TCA CC 3’ with 5* GAA GAG CCA AGG
ACA GGT AC 3’ were used for ras and B-globin,
respectively, as normalizing markers in co-amplifica-
tion with the primers for discase-specific markers. The
Jh consensus primer 5° ACC TGA GGA GAC GGT
GAC CAG GGT 3’ and 5" TAT GGT GGT TTG ACC
TTT AG 3’ were used for detection of the t(14;18-mbr)
translocation. The Jh consensus primer and 5’ACA
CGG CC/TG/C TGT ATT ACT GT 3" were used for the
amplification of clonal CDR3. For detection of the t(11-
mtc; 14) translocation the Jh consensus was then used
with either 5 ATA TTC GGT TAG ACT GTG ATT
AGC 3’ or 5°CTA CTG AAG GAC TTG TGG GTT
GCT 3". All primers were products of Genosys Biotech-
nologies, Inc. (The Woodlands, TX). Amplification
products were analysed on 10% polyacrylamide gels
stained with cthidium bromide (Fig. 1). The amount of
PCR products was determined by gel densitometry
using gel documentation system (Ultra-Lum Inc.,
Claremont, CA) and gel analysis software (Media
Cybernctics, Silver Spring, MD), as described carlier
(Slavickova et al., 2000). The values obtained from
sub-plateau phase of both amplifications were analysed
further, that is, the amount of the specific product was
related to the respective amount of the normalizer and
the differences of specific markers in two or more suc-
cessive samples (found either directly or by cxtrapola-
tion at identical amounts of normalizing products) were
used in the assessment of molecular regression
(decrease of the specific marker in the later of two con-
secutive DNA samples) and molecular progression or
relapse (increase of the specific marker). The molecular
results obtained from stored DNA samples were then
corrclated with the corresponding clinical observations
retrospectively.

Real-time PCR

The real-time PCR quantification was performed
using the LightCycler and the t(14;18-mbr) Quantifica-
tion Kit of Roche Molecular Biochemicals exactly as
recommended by the manufacturer.
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Results and Discussion
Correlation of clinical outcome and quantita-
tive molecular monitoring

Wc have observed a good correlation between mole-
cular follow-up and clinical outcome in a total of hun-
dred intervals (ranging from 1 to 18 months) when a
molccular  regression/progression  (quantitative
decrease/inerease of the clonospecific marker) was in
accordance with the clinical state (regression/ progres-
sion). In a group of 17 patients with clinically stable
discase, but increasing markers as detected by our
quantitative molecular method, ten patients developed
disease progression and the remaining seven relapse. In
seven of 33 cases (21%) of clinical complete remissions
the molecular residual discase was still detected.
Besides. in available 14 cases of paired samples of bone
marrow and peripheral blood no significant difterence

Fig. 1. 10% PAGE of duplex PCR. The products of duplex
PCR for ras as a normalizing marker and the t(14;18-mbr)
translocation as the disease-specific marker(A): the prod-
ucts of duplex PCR for ras and the clonal CDR3 (B); the
products of duplex PCR for ras and t(11-mtc;14) translo-
cation (left) and B-globin and the t(11-mtc:14) transloca-
tion (right).
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was observed, indicating that the molecular evaluation
of pertpheral blood may also be informative, where it is
applicable.

We have also shown other suitable combinations of
disease-specific and internal standards (Fig. 1). Fur-
thermore. the agreement between comparative duplex
and real-time PCR was demonstrated (Fig. 2). Interest-
ingly. while a good correlation of molecular results in
general (increase or decrease) was observed. the meth-
ods display different sensitivities as shown in Fig. 2.
That is. the lower sensitivity of IgH/ras PCR was suffi-
cient for describing kinetics of the disease as well as the
t(14:18)-real time or duplex PCR for mbr/ras. Similar
results were alrcady observed in monitoring NHL
paticnts after stem cell transplantation (Mitterbauer ct
al., 2001).

Summarized. it seems that the comparative duplex
PCR may be a method ot choice for monitoring NHL
and CLL patients as it may provide prognostic informa-

CHT1 CHT2 CHT3 INF Rituzimab Rituximab  CHT4

0 2 4 & 10 12 14 16 18 20 22 24 26 26 30 32 34
Follow up {(month)
Comparative PCR Real-time PCR
CDR3¥ras —x— mbriras <--ar-- MbrtPA

Fig. 2. Monitoring of trcatment impact by comparative
duplex and real-time PCR. The patient with follicular lym-
phoma treated with chemothcrapy (CHT), interferon a
(INF) and rituximab achieved PCR negativity at clinical
complete remission. The negativity, however, was dis-
proved by hybridization with a probing sequence from the
mbr region labelled with digoxigenin. The discase pro-
gressed after several months, further therapeutic effort
lailed and the molecular quantification was in accordance
with this.

tion. The predictive value of this method depends on
the frequency of sample taking as well as on the assav
sensitivity. The sensitivity should be checked in any
single assay (Dolken. 2001). Despitc the increasing
pool of data on molccular monitoring and its prognos-
tic role in lymphoprolifcrative discascs the issuc of
quantitative molecular monitoring has not bcen settled
in a large clinical study and ncither guidelines nor stan-
dards were established. Thus it is suggested that PCR
amplification techniques and their correlation with clin-
ical outcome need further observation and should
remain investigational for the present (Gribben, 2002).
This i1s in contrast with chronic myclogcenous
Icukacmia, where it was already suggested that quanti-
tative molecular monitoring of lecukacmic cells might
be helpful in individualizing therapeutic strategics
(Lion, 1994).
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We report a group of patients (pts) with indolent lymphoproliferative disorder who
had both alleles for the immunoglobulin heavy chain genes rearranged (bilgH). This
group of 17 pts consisted of 9 small lymphocytic lymphomas (SLL) and 8 chronic
lymphocytic leukemia (CLL). The polymerase chain reaction (PCR) amplification of
clonal immunoglobulin heavy (IgH) rearrangement using the complementarity
determining region 11l (CDRIII) constantly retrieved two distinct bands in all PCR
informative samples of those pts. To rule out biclonality, we evaluated samples by
fluorescein activated cell sorting (FACS) analysis and sequenced the PCR products.
We were able to obtain both IgH sequences from 12 patients. FACS suggested
biclonality in one case, which also correlated with sequencing results as both IgH
rearrangements were in-frame. Recently, we reported a patient who sustained
transformation into an aggressive disease after bilgH was detected in the setting of
monoclonal disease (Cerny et al., 2003b, Haematologica 88(05):ECR15 B.). We
decided to compare clinical characteristics and prognosis of 17 pts with bilgH and
37 pts with monolgH rearrangements. Although we found some minor differences
in disease characteristics between both groups, these did not translate into a
significantly different overall survival. Our findings suggest that true biclonal cases

of CLL are rare.

B-cell lymphoproliferative disorders (B-LPDs) are
caused by proliferation of a clone derived from a pro-
genitor at specific stage of differentiation that correlates
with the stage of B-cell receptor development. The
crucial role in the B lymphocyte development is re-
presented by the immunoglobulin heavy (IgH) and light
chain (kappa or lambda, IgK, IgL) genes rearrange-
ments. This process begins with assembly of variable-
region (V), diversity (D), and joining (J) genes. The light
chains are then assembled from V and J elements. This
results from a random recombination of germ-line seg-
ments to produce an entirely new expressed Ig gene. On
one hand, it is a purely stochastic process, not driven by
any instructive or selective pressure and these recombi-
nation events are not inherited. On the other hand, the
VDJ recombination is a highly orchestrated lymphoid-
specific process (Rajewsky, 1996). There are many
different V, D, and J segments in the germ line, and
therefore each B-cell generates a particular set of genes
for its heavy chain and light chain regions that differ
from those of other B-cells and encode a distinct anti-
body. These distinct rearrangements also equip each
B-cell with individual, molecular clonal markers—an
essential feature for the molecular analysis of B-LPDs.
It has been shown that the expression of antibody as an
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antigen receptor on the surface of B-cells is not critical
only for the development, but also for the survival of B-
cells (Lam et al., 1997). In case, the first IgH allele is
rearranged out-of-frame the process moves to the second
allele. If the first rearrangement is productive the pro-
cess of allelic exclusion disables initiation of the re-
combination on the second allele through chromatin
remodeling (Johnson et al., 2003). Similar actions con-
tinue on alleles for the light chains where four attempts
arepossible (two for kappa and two for lambda). The only
surviving developing B-cells are those that acquired IgH
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and IgL rearrangement that can be translated into
protein because they preserve the correct reading
frame (“in-frame rearrangements” or “productive rear-
rangements”). Cells bearing out-of-frame VDJ rearran-
gements on both alleles are subjected to apoptosis. In
addition the antibody specificity is tested in newly
formed B-cells. Autoreactive or weakly reacting cellsare
either removed by apoptosis or “edit” their receptors by
means of secondary VDJ rearrangements (Wilson et al.,
2000). Expressing an “innocent” B-cell receptor the B-
cell leaves the BM to become a mature, naive (i.e., not yet
exposed to any antigen) B-cell (Nussenzweig, 1998).
Further modification of the specificity of the B-cell anti-
gen receptor by genetic means is resumed in a later
phase of B-cell differentiation in germinal centers. This
process is called somatic hypermutation and involves V
regions of the IgH. Patients with unmutated VH genes
have been previously reported to have poorer outcome
than patients (pts) with mutated VH genes, e.g., in
chronic lymphocytic leukemia (CLL) (Fais et al., 1998;
Damle et al., 1999; Hamblin et al., 1999). While the Ig
mutational status of B-cell lymphomas and leukemias
has been confirmed to have prognostic impact other
markers such as expression of CD38 in CLL patients
is still a matter of a discussion. Some studies have
shown a correlation of CD38 expression with the pre-
sence of unmutated VH genes and an unfavorable
clinical outcome (Damle et al., 1999; Ibrahim et al.,
2001;Linetal.,2002) and othersdid not (Thunbergetal.,
2001).

There are several situations when more than one IgH
rearrangement can be detected in patients with B-LPD.
(1) CLL patients may have a cell clone expressing two
different Ig molecules on the cell surface. The lack of
allelic exclusion has been shown to be higher in CLL
than in normal cells (Rassenti and Kipps, 1997). (2)
On the other hand, bimorphic lymphomas and biclonal
leukemias represent situations when patients have two
malignant clones each expressing different Ig molecule.
Both common and separate clonal origins of the two
tumor parts have been reported (Fend et al., 1999). (3)
Patients have two IgH rearrangements detectable by
polymerase chain reaction (PCR) (one in-frame and one
out-of-frame; biallelic rearrangements), but only the
productive is translated into an Ig protein.

It is important to identify patients with biclonal di-
sease as they may have poorer outcome (Fakan et al.,
1984). Furthermore, the Ig molecule expressed by a B
lymphocyte is responsible for the actual function of a
particular B-cell. There are some motifs found in IgH
rearrangements that can be associated with some auto-
immune complications (e.g., autoimmune hemolytic
anemia; AIHA). Therefore, it must be emphasized that
Ig mutations and other Ig sequence assessing studies
should be performed on the productive (in-frame rear-
ranged) Ig allele.

The situation (3) is described in this study. We present
agroup of 17 patients with CLL or SLL who had two IgH
rearrangements, but only one of them had biclonal di-
sease (according to fluorescein activated cell sorting
analysis (FACS) and sequencing). We were interested
whether theclinical characteristics and outcome is same
in patients who have two IgH rearrangements and in
patients with only one IgH rearrangement.

CERNY ET AL.

MATERIALS AND METHODS
Patients

The patients in this study are a subset (n = 50) of the
cohort (n = 87) of patients diagnosed with chronic lym-
phocytic leukemia (CLL) or small lymphocytic lym-
phoma (SLL) who were positively tested by PCR for
clonal IgH rearrangement at Molecular Biology Labora-
tory at 1st Department of Medicine Charles University,
Prague, Czech Republic (between May 1994 and
November 2001). Patients were selected for the present
study based on the availability of detailed clinical
histories and the availability of DNA. The clinical
courses of the patients that were analyzed in this study
were not significantly different from those that could not
be studied because of lack of sample or follow-up. There
were 36 males and 14 females in this group, with a
median age of 59.5 years (range, 29—-78). The median
ages of the monoallelic (median, 60; range, 29-78) and
biallelic (median, 59; range, 49—78) cases were similar.
Further characteristics are in a Table 1.

Clinical monitoring

To assess all sites of disease involvement, baseline
evaluation included clinical documentation, radiogra-
phy of the chest, computed tomography (CT) of the
chest, abdomen, and pelvis, and unilateral bone marrow
biopsy. Laboratory testing included routine hematology,
serum chemistries, serum immunoglobulin levels, lac-
tate dehydrogenase, and beta-2-microglobulin assays in
blood and urinalysis. Monitoring was represented by
hematology and serum chemistry evaluations together
with full tumor restaging. The clinical and molecular
monitoring was performed before therapy and during
the follow-up period till relapse or progression occurred.

Immunophenotypic studies

Diagnostic BM samples were collected in the solution
of phosphate-buffered saline (PBS) with EDTA antic-
oagulant. In all cases, samples preparation a flow cyto-
metric data acquisition was performed within the 4 h
after collection. Marrow samples were processed by a
whole marrow lysis technique and then by a direct im-
munofluorescence technique. Specimens were lysed
with hypotonic NH4C] solution and washed twice in
PBS containing 1% bovine serum albumin and 0.2%
sodium azide (PBSA). The cell suspensions (5 x 10%/ml)
were incubated with flurochrome-conjugated monoclo-
nal antibodies (MoAb) at room temperature in the dark
for 15 min then washed once in PBS. After centrifuga-
tion, the cell pellet was resuspended in PBS with 1%
paraformaldehyde. In all cases, antigen expression was
analyzed using triple combination of the following
MoAbs (Immunotech, a.s. Prague, Czech Republic) con-
Jjugated with fluorescein isothiocyanate (FITC), phy-
coerythrin (PE) and PE—cyanine 5.1 (PC5) flurochrome
tandem: CD23 (9P25)-FITC/CD5 (BL1a)-PE/CD19
(J4.119)-PC5, CD10 (ALB1)-FITC/CD38-PE/CD19
(J4.119)-PC5, FMC7-FITC/CD79b (CB3-1)-PE/CD19
(J4.119)-PC5, CD20 (B9E9)-FITC/CD11c (BU15)-PE/
CD19(J4.119)-PC5, anti kappa (polyclonal)-FITC/anti
lambda (polyclonal)-PE/CD19 (J4.119)-PC5, and iso-
typic control IgG1-FITC/isotypic control IgG2a—PE/
CD19 (J4.119)-PC5. Specimens were analyzed on a
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TABLE 1. Clinical characteristics of patients

Monoallelic Biallelic

Median: 60 (29-78) Median: 59 (49-78)

Age n % n %
Sex
F 10 30.3 4 235
M 23 69.7 13 76.5
Dg
CLL 23 69.7 8 47.1
SLL 10 30.3 9 52.9
CS
0 1 3.0 1 5.9
I 7 21.2 2 11.8
11 4 12.1 1 5.9
111 1 3.0 2 11.8
v 20 60.6 11 64.7
Symptoms*
A 6 60.0 4 44.4
B 4 30.0 5 55.6
Ipr
0 1 10.0 0 0.0
1 5 50.0 5 55.6
2 4 40.0 3 333
3 0 0.0 1 11.1
No. of Rel/Pr
0 14 42.4 6 41.2
1 8 24.2 6 41.2
2 4 12.1 2 11.8
>3 7 21.2 1 5.9
Transformation 5 15.1 2 11.8
No. of Th
0 2 6.1 2 11.8
1 7 21.2 4 235
2 9 27.3 6 353
>3 15 45.5 5 29.4
CD 38 14 42.4 4 23.5
CD 79 2 6.1 5 29.4*
Light chain
K 23 69.7 8 47.0
L 10 30.3 7 41.1
K&L 0 0.0 1 5.9
Death 8 24.2 2 11.8
ASCT 4 12.1 4 23.5
Rituximab 11 33.3 5 29.4
Comorbidities 6 18.2 7 41.1
Dg changes 0 0.0 7 41.1**

F, female; M, male; Dg, diagnosis; CLL, chronic lymphocytic leukemia; SLL,
small lymphocytic lymphoma; CS, clinical stage according to Ann Arbor (SLL) or
according to Rai (CLL).

Symptoms general symptoms (only patients (pts) with SLL evaluated).

YIPI, International Prognostic Index (only SLL); Rel/Pr, relapse or progression;
No. of Th, at least three cycles of standard or two cycles of salvage chemotherapy,
radiotherapy, or ASCT; K, kappa; L, lambda; ASCT, autologous stem cell
transplantation.

*P-0.033.

**P < 0.0002.

FACSCalibur flow cytometer (Becton Dickinson, San
Jose, CA). Calibration of the mstrument was performed
using Calibration beads (CALIBrite™?3, Becton Dick-
inson). The CELLQuest®™ software (BD) was used for
the data acquisition and analyzing. Monoclonality was
assessed based on light chain restriction as well as other
surface molecule expression (Fig. 1; Table 2A,B).

Molecular detection and sequencing of IgH
rearrangements using the complementarity
determining region IIT (CDRIII)

The molecular studies were performed on bone mar-
row samples (BM), peripheral blood samples (PB), or
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lymph node samples (LN) at the time when disease was
active (diagnosis, progression, or relapse) and detected
by other diagnostic technique such as FACS or histology.
Allsamples were collected and DNA was extracted using
standard procedures and the usual precautions to avoid
cross-contamination. Approximately 1 mg DNA was
amplified using FR3A-(ACACGGCYSTGTATTACTGT)
oligonucleotide, together with JH-(ACCTGAGGAGA-
CGGTGACC) oligonucleotide and RedTaq polymerase
(Sigma Prague, Czeck Republic). Each reaction in-
cluded: 5 min at 94°C then 30 cycles, each comprising
3 steps at 94°C for 45 sec, at 58°C for 1 min 30 sec, at 72°C
for 1 min 30 sec, followed by 7 min at 72°C.

For detection of t(14;18) or t(11;14), approximately
1 ug DNA was amplified using either MBRA-(TATGG-
TGGTTTGACCTTTAG) and/or MTC C-(CTACTGA-
AGGACTTGTGGGTTGCT) specific oligonucleotides,
together with JH-(ACCTGAGGAGACGGTGACC) oli-
gonucleotide and RedTaq polymerase (Sigma). We used
a touchdown PCR technique that has been described
previously (Cerny et al.,, 2003a). Each reaction con-
tained positive (CDRIII, MBRA, or MTCC positive DNA)
and negative control (normal DNA) for indication of
contamination or false positivity due to the sub-optimal
efficiency of amplification and was used for standardiza-
tion of PCR efficiency variation. PCR products were
visualized on agar gel stained with ethidium bromide.
Under these conditions, the sensitivity of CDRIII detec-
tion was routinely 10 positive cells in 10° normal cells,
the PCR detection of t(14;18) or t(11;14) had even higher
sensitivity (Slavickova et al., 2000).

Amplified PCR products of the rearranged IgH
CDRIII region were separated by electrophoresis on
3% Metaphor agarose (FMC Bioproducts, Rockland,
ME) gels stained with ethidium bromide. The products
of PCR amplification were extracted from gel slices
using the crush and soak technique (Sambrook et al.,
1989). The PCR products were then purified with
Microcon-100 (Millipore, Foster City, CA, USA) purifi-
cation columns sequenced using FR3A and JH primers
with BigDye Terminator Cycle Sequencing kit (Applied
Biosystems, Foster City, CA, USA) and analyzed on ABI
Prism 310 Genetic Analyzer (PE BioSystems) according
to the manufacturer’s instructions. The sequence data
were assigned on the basis of their similarity to BLAST
sequences and confirmed by homology to each germ-line
sequence (Buluwela et al., 1988; Ichihara et al., 1988;
Matsuda et al., 1990, 1993). Assignment of D and JH
segments was performed as defined by Ichihara et al.
(1988) and Yamada et al. (1991).

Software analysis of digitalized pictures of a
gel electrophoresis

We used two video documentation systems UltraLum
PHD 2000 and GEL DOC to save the pictures of gels. The
digitalized pictures were stored in TIFF format and
analyzed by GEL PRO Analyzer 3.0 (Media Cybernetics,
L.P,, Silver Spring, MD). First, individual sample lanes
as well as individual bands had to be defined. To
minimize any artifacts and to adequately subtract the
background intensity a proper width ofi sample lanes
and individual bands must have been set (Goulding,
2000). Only the intensities of fluorescence from within
the readability interval of the video documentation
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system could be analyzed. The data were then exported
to Microsoft Excel table and fluorescence intensities of
both CDRIII products were compared from each sample.
The ratio between intensities of the two CDRIII pro-
ducts was constant even when different samples were
used for PCR (see Fig. 2).

Definitions

The complete remission (CR) and/or partial response
(PR) in NHL patients were scored according to the cri-
teria recently reported by Cheson et al. (1999). The
National Cancer Institute (NCI)—sponsored Working
Group guidelines were applied for the definition of re-
sponse and time to progression (TTP) in patients with
CLL (Cheson et al., 1999). TTP is defined as time from
the diagnosis (mostly CLL) or the first application of
therapy (mostly NHL) to detection of progression.

Statistical analysis

The significance of associations between clinical char-
acteristics was determined using Fisher’s exact test,
non-parametric Wilcoxon and Mann—Whitney tests.
The differences were tested at the level of significance
0.05 (P value). The survival curves were estimated by

A

Fig. 1.
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the method of Kaplan and Meier (1958) and compared by
the log rank test (Mantel, 1960).

RESULTS
Clinical characteristics of patients with
IgH rearrangement on one (monolgH)
and both alleles (bilgH)

There were 36 males and 14 females in the studied
group, with a median age of 59.5 years (range, 29-78).
The median ages of the monolgH (median, 60; range,
29—78) and bilgH (median, 59; range, 49—78) cases were
similar. We found no significant difference in distribu-
tion of the main clinical characteristics (e.g., age at
diagnosis (Dg), sex, histology, clinical stage, presence
of general symptoms, number of relapses, number of
therapies, etc.) between mono- and bi-IgH pts (P =ns;
further see Table 1). There were 5(15.1%) and 2 (11.8%)
transformations into aggressive disease recorded in
mono- and bi-IgH pts, respectively (P=ns). Similarly
the fraction of monolgH pts treated with autologous
stem cell transplantation (ASCT; 4; 12.1%) or rituximab
(11; 33.3%) was not significantly different (P — ns) when
compared to bilgH pts treated with ASCT (4; 23.5%) or
rituximab (5; 29.4%).

A: Fluorescein activated cell sorting (FACS) analysis of chronic lymphocytic leukemia (CLL)

patients. A patient with monoclonal disease. The malignant clone is positive for CD19, CD5, CD23,
CD11b, and lambda light chain. B: FACS analysis of CLL patients. A patient with biclonal disease. The
malignant clones are both positive for CD19, CD5, CD23, one has higher and second has lower expression
of CD11b, one of the clones expresses lambda light chain while the second expresses kappa light chain.
[Color figure can be viewed in the online issue, which is available at www.interacience.wiley.com.]
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B

Fig. 1.

We have noticed a higher number of comorbidities in
pts with bilgH rearrangement. We divided them into
oncological and immune system related disorders. The
oncological onesincluded: two kidney carcinomas, mela-
noma, myelodysplastic syndrome, diffuse large cell lym-
phoma, glioblastoma multiforme, and urinary bladder
carcinoma. The immune disorders were represented by
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(Continued)

three AIHA, four diabetes mellitus, four peptic ulcer
disease, ANA positive polyarthritis, Wegener’s granu-
lomatosis, and Dupuytren’s contracture. One patient
had paraprotein (pp) IgM in urine and another one had
triclonal pp IgGG. We compared the frequency of oncolo-
gical and autoimmune diseases between the mono- and
bi-IgH pts. There were 6 (18.2%) monolgH pts and 7

TABLE 2A. Clinical, immunophenotypic, and molecular characteristics of sequenced bilgH patients

Ptno. Age Sex Dg CS Symptoms IPI  Transf No.ofrecur ter S ter L L_S L_L D S DL JH_S JHL
39 59 M CLL 0 na na 0 TAG — 24 78 X X 6 5
40 56 F CLL 1 na na — 0 TAG — 72 87 322 215 4 6
41 66 M SLL 4 B 3 — 0 — TAG 84 87 56 22 4 6
42 78 M CLL 3 na na 0 TGA — 57 81 X X 3 6
43 64 F SLL 4 A 1 — 0 — TAG 63 89 310 X 5 6
44 52 M CLL 4 na na — 1 TGA —_ 66 89 22 33 4 6
45 58 M SLL 4 B 1 RS 3 — TAG 80 212 28 322 6 4
46 55 M CLL 2 na na — 1 — — 77 81 120 D4? 5 6
47 65 M CLL 1 na na — 1 — — 52 71 33 310 4 6"
48 52 F CLL 4 na na RS 1 TGA — 58 77 X 22 3 3
49 42 M SLL 3 A 1 — 2 — TAG 59 130 721 55 5 4
50 54 M SLL 4 B 2 — 1 — TGA 7 98 322 33 4 6

Pt, patient; F, female; M, male; Dg, diagnosis; CLL, chronic lymphocytic leukemia; SLL, small lymphocytic lymphoma; CS, clinical stage according to Ann Arbor (SLL)
or according to Rai (CLL); symptoms, general symptoms (only pts with SLL evaluated); IPI, International Prognostic Index (pts with SLL evaluated); transf,
transformation into aggressive discase; no. of recur, number of recurrences; ter_S or L, termination codon in short or long Igii; L._S or L, length of a sequenced
polymerase chain reaction (PCR) product; D_S or L, D segment; JH_S or L, JI1 segment; L.C, light chain; na, not applicable; RS, Richter syndrome; K, kappa; L, lambda;
MCL, mantle cell lymphoma; FL, follicular lymphoma; MZL,, marginal zone lymphoma; difCC-CB, diffuse centrocytic—centroblastic lymphoma.

“Patient with biclonality that was confirmed by fluorescein activated cell sorting (FACS).
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TABLE 2B. Clinical, immunophenotypic, and molecular characteristics of sequenced bilgH patients (continued)

Pt no. Dg CD19 CD5 D23 CD20 FMC7 CDl1l1c CD38 CD79 LC Initial Dy
39 CLL - hat + + - - 1.

10 CLL + + + 4 . + - K

51 SLL + + + + - K MCL
12 CLL + + + + + + - - L

43 SLL + + + + - + - - 1. F1.

£ CLL - + + + - + - - K MZ1.
45 SLL - + + + + + - 1. difCC-CB
6 CLL + + . + - + K MCL
47 CLL + + + - + + - - LK *

18 CLL + + + + - + - - 1.

19 SLL + + + - + - - K difCC-CRB
50 SLL - t - + + + L MCL

Pt. patient; F, female; M, male; Dy, diagnosis; CLL, chronic lymphocytic leukemia; SLL, small lymphocytic lymphoma; C8, clinical stage according to Ann Arbor (SLL1
or according to Rai (CLL); symptoms, general symptoms (only pts with SLL evaluated); IPI, International Prognostic Index (pts with SLL evaluated): transf,
transformation into aggressive disease; no. of recur, number of recurrences; ter_S or L, termination codon in short or long IgH: L. 8 or L, length of a sequenced
polymerase chain reaction (PCR) product; D _Sor L, D segment; JH_S or L., JH segment; LC, light chain; na, not applicable; RS, Richter syndrome, K, kappa; L, lambda:
MCL, mantle cell lymphoma; FL, follicular lymphoma; MZL, marginal zone lymphoma, difCC~CB, diffuse centrocytic-centroblastic lymphoma.

"Patient with biclonality that was confirmed by fluorescein nctivated cell sorting (FACS).

8 10

marker H A

H R R R H H

na na | na | 9/42 |15151 11828 | na | 13205
na | na | na | 12038 |18362| 14165 na | 16641
=== ,,,,{._— = ——= =
|
1 — l
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Fig. 2. Software analysis of gel electrophoresis of several different
samples of one patient with biallelic immunoglobulin heavy (IgH)
rearrangements. Ten percent polyacrylamide electrophoresis of poly-
merase chain reaction (PCR) for complementarity determining region
I (CDRIID); cach lane represents PCR products of samples collected
from one patient at different times; lane 1 (marker), standard of mole-
cular weight—pUC18 x Hae III: lanes 2—5 and lane 9, the fluorescence

intensities (FI) of PCR products are outside of the sensitivity interval;
therefore only lanes 6-8 and lane 10 can be compared; na, not
applicable; the ratio between fluorescence intensities of both PCR
products remains constant when samples from different times are
compared: the length of the first IgH rearrangement (IgH1) is 252 bp,
the length of the second IgH rearrangement (IgH2) is 117 bp.
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(41.1%) bilgH pts who had one or more comorbidities.
Multiple cases of comorbidities were evenly distributed
petween both groups of pts (P = ns).

Another interesting issue was the fact that the ini-
tial diagnosis has been changed in 7 (41.1%) bilgH cases
during the course of the disease while there were no
changesin diagnosis in the monolgH group (P < 0.0002).
Further details are in a Table 1. We did not detect either
t(14;18) or t(11;14) in any of the bilgH patients.

Presence of biallelic rearrangements does not
influence the clinical prognosis

The estimated TTP of monolgH patients was not
significantly different from the bilgH patients (54.5% vs.
54.5% at 3 year) (P =ns; see Fig. 3A). We also did not
observe significant difference in overall survival
between both groups (79.4% vs. 100.0% at 3 year)
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(P =ns; see Fig. 3B). We did not see different probability
of overall survival in patients who relapsed or pro-
gressed (66.4% vs. 67.5% at 2 year) (P = ns; see Fig. 3C).

Patients with biallelic rearrangements
have similar immunophenotype as to
patients with monoallelic rearrangements

The majority of patients in both groups had a typical
immunophenotype for CLL or SLL when expressing
CD5, CD23, CD20, and CD19 with similar frequencies
of weak FMC7 positivity (P = ns). Expression of CD38
was also not significantly different between mono-(14;
42.4%) or bi-IgH (4; 23.5%) cases (P =ns). The expres-
sion of CD79b was significantly higher in bilgH (5;
29.4%) pts and low in monolgH group (2; 6.1%)
(P =0.033; further see Table 1).

B
i I 100 : -1-- monolgH
l-- monolgH ll-LL -— bilgH
41— bilgH H-.
50-
boaaadd
------- LI 1 1 I 1
2.5 5.0 7.5 10.0 0.0 25 5.0 7.5 10.0 12.5
Time (years) Time (years)
C
100
-1.- monolgH
141
~—bilgH
50 Heees
L,
0.0 2.5 5.0 7.5 10.0

Time (years)

Fig.3. A:Time totreatment progression. The time of follow-up of the patients is shown on the X axis; the
percentage of patients without relapse or progression OR remaining in remission; monolgH, -+ bilgH, +;
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Presence of biallelic IgH rearrangements is a
frequent feature while true biclonalities are rare

We were able to obtain sequences of both CDRIII
rearrangements in 12 out of 17 bilgH patients and we
also sequenced CDRIII rearrangements of 7 monolgH
pts for comparison. The presence of both PCR bands
correlated with the actual clinical situation. It was easy
to detect in patients with active disease and more
difficult to find in patients who were responding to their
therapy. Furthermore, the bilgH result can be evalu-
ated as a result of a duplex PCR (Fig. 2). Using software
analysis we observed equal ratio between fluorescent
intensities of both IgH rearrangements from different
samples of one patient. Since the ratio remained con-
stant over time this was another although indirect proof
that these I[gH rearrangements originated from one cell.
One patient had biclonal disease according to FACS (see
Fig. 1B). Both of his IgH rearrangements were in-frame.
In ten cases, we found that only one of the two IgH
rearrangements was in-frame. We did not detect a stop
codon within both CDRIII sequences of one patient,
however, FACS did not confirm biclonality. The stop
codon might be in the sequence that we did not study
(e.g., VH gene).

Overall, biclonal disease was detected in 1 (1.1 %)
patient and we observed bilgH rearrangements in 17
(19.5 %) pts out of a total of 87 pts with CLL or SLL who
were positively tested by PCR for clonal CDRIII
rearrangement.

Frequency of VH, D, and JH genes used in
productive rearrangements is same
as in previously published reports

In our study, we focused on CDRIII sequences in order
to determine clonality, therefore, we could not evaluate
the usage or mutational status of V genes. In common
with other reports the majority of the monolgH tumors
used JH4 (three of seven; 42.9%) or JH6 (three of seven;
42.9%), which is also similar to their use in normal
CD5 + B-cells (52 and 27%, respectively) (Brezinschek
et al., 1997). The short rearrangement of bilgH had
mostly JH4 (5 of 12; 41.7%), then even distribution of
JH3(20f12;16.7%), JH5 (3 0of 12; 25%), and JH6 (2 of 12;
16.7%). The majority of long rearrangements of bilgH
cases used JH6 (8 of 12; 66.7%), then JH4 (2 of 12;
16.7%), JH3 (1 of 12; 8.3%), and JH5 (1 of 12; 8.3%).
There was no difference of statistical significance in the
use of JH genes between any of the group of pts. The
productive I[gH rearrangements in bilgH cases consisted
of JH4 (4 of 12; 33.3%), JH5 (4 of 12; 33.3%), JH6 (3 of 12;
25%), and JH3 (1 of 12; 8.3%). Because of extensive
mutations or N additions or nucleotide loss, a D segment
gene could not be assigned to the sequences in three
short rearrangements and three long rearrangements
of the biallelic cases. The most commonly detected D
geneswere D3-3(2x inlongrearrangements, 1 x inshort
rearrangements) and D 3-22 (1x in long rearrange-
ments, 2x in short rearrangements). There was no
preference of D segments used in out-of-frame rearran-
gements. We also observed that the length of the rear-
rangement does not determine if the rearrangement is
productive or not. The median length (including primer
sequences) of the short rearrangements was 61 bp (range,
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24-80 bp). The median length of the long rear-
rangements was 87 bp (77-212 bp). The median length
of the productive rearrangements was 77 bp (51-89 bp).

DISCUSSION

Despite the fact that our study was partially retro-
spective and we had to use archival samples, we were
able to obtain both IgH sequences in 12 pts. The present
study was undertaken to rule out biclonal disease, to
evaluate a clinical impact of presence of two CDRIII
bands in samples from CLL/SLL pts. In B-LPD the
detection of a clonal IgH rearrangement by PCR serves
as a sensitive tool to “highlight” a predominantly pre-
sent clone (predominant IgH rearrangement) amongthe
background of normal B-cells (polyclonal IgH rearran-
gements) (Gleissner et al., 2000). Therefore, by defini-
tion, more than one discrete PCR product could be
viewed as a failure to detect a malignant clone. Patients
in our study were diagnosed with B-LPD and had active
disease at the time of PCR analysis, which excluded the
possibility that we were dealing with pseudoclonal IgH
bands due to low B-cell numbers (Elenitoba-Johnson
et al., 2000).

It is important to determine the presence of bimorphic
lymphomas or biclonal leukemias as they are of prog-
nostic significance (Fakan et al., 1984). Detection
of bilgH one of which is due to a secondary VDVDJ
recombination in a patient with SLL may precede a
transformation into an aggressive disease (Cerny et al.,
2003b). We did not identify a secondary rearrangement
in any other pts with bilgH.

Extensive analyses of primary developing B-cells and
of Abelson virus transformed cell lines have shown that
pro-B-cells invariably contain D-to-JH rearrangements
on both IgH alleles (Alt et al., 1984; Ehrlich et al., 1993;
Rolink et al., 2000). Since the VDJ recombination is
blind to translational reading frame, only one-third of
rearrangements are productive, leading to an estimated
maximal frequency of cells expressing twoin-frame gene
rearrangements at a given locus of no more than 0.3%
(Casellas et al., 2001). This number agrees with recent
estimates of dual light chain expression. The cell loss
during the normal B-cell development in the setting of
allelic exclusion approximates 90% and in the setting of
dual receptor expression might approach 99%, making it
likely that very few dual receptor-expressing B-cells
would survive (Osmond, 1986). One explanation for the
presence of two IgH rearrangements in one B-cell is a
lack of allelic exclusion. Data from Rassenti and Kipps
(1997) suggested that up to 5% of CLL cases lack allelic
exclusion. Signaling through the B-cell receptor is im-
portant for survival of a particular cell. It is apparent
that this signaling is defective in CLL cells. Aberrant
expression of CD79b was previously suspected to explain
the allelic exclusion, but no difference in CD79b expres-
sion was observed between CLL samples that expressed
more than one IgH allele and those with normal IgH
allelic exclusion (Rassenti and Kipps, 2000). Interest-
ingly, we found significantly higher CD79b expression
in biallelic (29.4%) pts and low in monoallelic group
(6.1%) (P =0.033). Based on the sequencing and FACS
data we conclude that the allelic exclusion was unlikely
to be responsible for the presence of two IgH rearrange-
ments in our patients.
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The combination of at least two methods must be
employed in order to prove biclonality as suggested by
Sklar et al. (1984). Sequencing and FACS analysis
confirmed only one biclonal disease (1.1%; see Fig. 1B),
which correlates with the expectations that true biclonal
cases are rare. Based on the results of FACS analysis
and molecular studies, we conclude that in the 16 re-
maining patients we detected rearrangements on both
alleles for IgH (one in-frame and one out-of-frame) that
were originating from one cell. Interestingly, Lossos
et al. (2000) reported non-functional IgH rearrange-
ments in 17% patients with diffuse large cell lymphoma.
The authors did not mention the prognosis of those
patients. Since we did not observe a significant differ-
ence in TTP and OS between both bilgH and monolgH
group it seems that the presence of complete bilgH
rearrangements does not have an impact on the biology
and therefore the prognosis of the disease. Nevertheless,
some of the findings are worth discussing. We have
observed a higher number of comorbidities in patients
with biallelic (41.1%) than monoallelic (18.2%) rearran-
gement. The pathogenesis of AIHA and other auto-
immune disorders or syndromes has been previously
investigated (Martin et al., 1994; Crouzier et al., 1995;
Efremov et al., 1996). Strikingly similar CDRIII regions
that contained a single reading frame of the D 3-3
(DXP4) gene segment, an N-encoded proline at the DH/
JH boundary, and a tyrosine-rich region encoded by the
JH6 gene segment were observed in CLL patients with
AIHA (Efremov et al., 1996). We were able to evaluate
sequences of two CLL pts with AIHA. We detected both
D 3-3 segment and JH6 segment in one patient and JH6
segment in the second patient in the productive IgH
rearrangements. Due to extensive mutations or N
nucleotide additions we could not assign any D segment
to one of the two CDRIII sequences of the second patient.
The fact that certain CDRIII sequences are associated
with ATHA in CLL patients may help to identify the
patients at risk. While the current literature does not
give a clear message about this issue, we would like to
emphasize that the CDRIII from the productive allele
must be used for these studies. This is also true for
assessment of mutational status of Ig genes.

It is interesting that the histological diagnosis had to
bereviewed and changed in 7 (41.1%) biallelic pts during
the course of the disease while there were no changes in
diagnosis in the monoallelic group (P-< 0.0002). These
changes were mostly down grading to CLL or SLL from
3x mantle cell lymphoma (MCL), 2x diffuse centrocy-
tic—centroblastic lymphoma (difCC-CB_, 1x follicular
lymphoma (FL) and 1x marginal zone lymphoma
(MZL). B-cell lymphomas usually express a B-cell re-
ceptor with functional Ig, and the chromosomal translo-
cations are predominantly located on the non-functional
Ig alleles (Kuppers and Dalla-Favera, 2001). It has been
also suggested previously that a prevalent stimulus for
receptor editing might result in a high frequency of
chromosomal translocation and consequent lymphoid
malignancy (Schlissel, 2002). We did not detect any
translocation t(14;18), which is a typical aberration of
lymphoma cells arising from a germinal center and
neither t(11;14) was detected. We can only speculate
that bilgH rearrangement bearing cells perhaps repre-
sent an intermediate step in a malignant transforma-
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tion process between a lymphoma bearing chromosomal
translocation and lymphoma without translocation. The
latter would be a case when the translocation was tar-
geted by the recombination machinery and secondary
VDJ rearrangement took place during the clonal evolu-
tion (Cerny et al., 2003b).

Finally, the fact that the sensitivity of PCR detection
of minimal residual disease in patients with bilgH may
be decreased may also negatively influence the patient’s
prognosis. Therefore allele specific PCR should be used
for minimal residual disease monitoring of patients with
B-LPD.
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Letters to the Editor

Familial chronic lymphocytic leukemia

Familial aggregation of chronic lymphocytic leukemia
(CLL) has been observed more frequently than familial
aggregation of any other type of oncohematologic disorder.
The presence of cells with a CLL-like immunophenotype
(CLL-like celis) was recently documented in 13.5% healthy
first-degree relatives of CLL patients.” We present a family
with CLL in which 2 brothers, a sister and their mother were
affected.

haematologica 2003; 88:1190-1191
(http://www.haematologica.org/2003_10/1190.htm)

We used polymerase chain reaction (PCR) and flow activat-
ed cell sorting (FACS) to investigate bone marrow samples (BM)
and peripheral blood samples (PB) obtained from patients as
described elsewhere.2 PCR products were extracted from 3%
Metaphor agarose gel using the crush and soak technique? and
purified with Microcon-100 (Millipore) columns, sequenced
with a BigDye Terminator Cycle Sequencing kit (Applied Biosys-
tems) and analyzed on an ABI Prism 310 Genetic Analyzer (PE
BioSystems).

Two patients (brothers) who were diagnosed (brother | at age
52; brother Il at 60) and treated for CLL carried a PCR-
detectable IgH rearrangement. Their mother and sister died
(both had enlarged lymph nodes; Figure 1). In both cases the
disease became refractory to chemotherapy. Transformation to
a high-grade malignancy was suspected in brother |, but not
confirmed. He died approximately 9 years after the initial diag-
nosis. In the second brother, the transformation to Richter's
syndrome was confirmed and he died approximately 3 years
after the diagnosis.

Both cases had a typical inmunophenotype characterized by
monotypic surface expression of CD19, CDS5, CD23, CD20,

Figure 2A. Sequence of CDRIIl rearrangement
obtained from PCR positive samples from patlent I.

5'- AC-ACG-GCY-STG-TAT-TAC-TGT-GCG-AGA-
FR3A primer 3 end of VH gene

-GAG-G GA-
(N-nucleotides)

D 1-7 segment

-ATT-ACT-ACT-ACT-ACT-ACA-TGG-ACG-TCT-GGG-GGA-AAG-

-GGA-CCA-C-
JH6C sequence

-GIC-ACC-GTC-TCC-TCA-G- 3

JH primer

FR3A: framework region 3; D: diversity segment; JH: joining gene;
N: nucleotides (small letters); sequence between reammanged VH, D
and JH genes (capital letters); primer and D sequences undertined.

Figure 1. Pedigree of a family with CLL: Mother and
daughter dled from leukemia (both had enlarged
lymph nodes). Two brothers (sons) were diagnosed
as having CLL: one died 9 years after diagnosis, the
other developed Richter's syndrome and died within
3 years of diagnosis.

CD11¢, HLA-DR, and immunoglobulin light chain . Clonality (as
mentioned above) was verified by PCR. Nucieotide sequence
data analysis revealed the presence of two different CDRIII
rearrangements (109 bp in patient | and 110 bp in patient Il
Figure 2). The first patient's CDRIII sequence consisted of V(?)
- D1-7 - JH6c gene rearrangement, was in- frame (see Figure
2 A). The second patient's CDRIIl consisted of V(?) - D6-19 -
JH3b segments. When we looked for the position of the read-
ing frame, we found a TGA stop codon (unproductive rearrange-
ment; Figure 2B). That means we have detected the unproduc-
tive allele for IgH. Since FACS confirmed monoclonality, the
other allele was rearranged and productive, but not detected by

Figure 2B. Sequence of CDRIIl rearrangement
obtained from PCR positive samples from patient Il.

5'- AC-ACG-GCY. STG TAT-TAC-TGTGCG-AGA-
FR3A primer 3 end of VH gene

GGA-CTG-GAC-CCA-C-

-AT-AGC-AGT-GGC-TGG-CIG-GIT-GGG-
D 6-19 segment (N- nucleotides)

Stop codon
-TGA-TGC-TTT-TGA-TTC-TGG-GGC-CAA-GGG-ACA-ATG-
JH3b sequence

TCALCGTCEOCICAG 3
JH primer

FR3A: framework region 3; D: diversity segment; JH: joining gene;
N: nucleotides (small letters); sequence between rearranged VH, D
and JH genes (capital letters); primer and D sequences underfined.
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our PCR primers. The comparison of CDRIIl sequences with the
germ line sequences did not suggest mutation. However, since
we used PCR to detect the CDRIII region we could not further
evaluate the sequence and mutational status of the VH genes.

Our first patient {brother I} presented with an indolent dis-
ease. The second patient (brother Il) was diagnosed approxi-
mately 5 years later, but his disease was more aggressive and
he died after developing Richter s syndrome. Richter's trans-
formation was linked to a DNA mismatch-repair defect-initiat-
ed microsatellite instability.* This genetic alteration was ini-
tially identified in the hereditary non-polyposis colorectal can-
cer syndrome (HNPCC).* We tried to confirm the diagnosis of
both mother and sister. Unfortunately, because of the long peri-
od between their death and diagnosis of the first brother, the
old medical data were no longer available. Nevertheless our
patients’ history is suggestive of familiar CLL.

The mutational status of VH genes does not change during
the course of the disease and has been documented to hold
within a family with CLLS In contrast, the behavior of CLL in
both our patients was different (indolent versus aggressive)
despite both having unmutated Ig status (poor prognosis). The
second patient (brother II) was not tested for the presence of
CLL-like cells prior to diagnosis, nor for VH gene mutations
because he had been diagnosed and treated before studies of
mutational status of VH genes’ and data by Rawstron et al.' had
been published. That is also why we had to use limited archive
samples and PCR products for sequencing.

While recent data suggest that ZAP-70 expression should be
included in the diagnostic work-up of patients with CLL as a
more convenient prognostic marker than VH genes mutation,'
the studies showing a high incidence of CLL-like cells in healthy
first-degree relatives of CLL patients indicate that an early FACS
analysis of these relatives should be considered as a screening
for pre-CLL.' As we now have a variety of relatively non-toxic
therapeutic modalities (e.g. monoclonal antibodies anti-CD20
or anti-CD52) available and early stages of CLL2? respond bet-
ter to such therapy, CLL with its later consequences, including
Richter's transformation, could perhaps have been avoided and
CLL, at least in its initial form, may become a preventable type
of cancer.
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A rare B-thalassemia mutation (C-T) at position -90 of
the B-globin gene discovered In a Chinese family

We provide the first description of a Chinese family with
three heterozygotes for a rare B-thalassemia mutation pre-
viously observed in a Portuguese carrier. The mutation (-90
C-T) changes the conserved promoter sequence within the
proximal CACCC box of the f3-globin gene; this can reduce
p-globin transcription significantly.

haematologica 2003; 88:1191-1193
(http.//www.haematologica.org/2003_10/1191.htm)

B-thalassemia is a varied group of disorders of hemoglobin
(Hb) synthesis, most of which result from point mutations
within the B-globin gene or the immediate flanking sequence.
Over 200 different |3-thalassemia mutations have now been
characterized worldwide.! Within each population at risk for
B-thalassemia a small number of common mutations are
found. For example, in the Chinese population, five mutations,
of the 30 known, account for more than 90% of all cases.?-*
Here we describe a rare B-thalassemia mutation previously
unreported in the Chinese population, the C-T substitution at
position -90 in the proximal CACCC box of the B-globin gene.

The proband was a 27-year old woman from a Chinese fam-
ily originating from Sihui county of Guangdong Province,
southern China. We studied this family because the proband
was found to have a typical hypochromic microcytosis during
routine genetic screening for B-thalassemia but no known
mutations reported in the Chinese population could be iden-
tified. Standard hematologic techniques were used to measure
RBC counts and Hb concentration. Reverse dot blots (RDB)
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Unusual sequence of vdj rearrangement revealed by
mholecular analysis in a patient with indolent lym-
phoma

We report a unique case of indolent lymphoma
with an unusual VDJ rearrangement. Polymerase
chain reaction (PCR) analysis of bone marrow at
the time of diagnosis was positive for both BCL-
2/JH and CDRIII rearrangements. After treatment,
the patient achieved complete remission (CR) with
slow disappearance of both rearrangements
(CDRIII and then BCL-2/JH). Subsequently, two
new CDRIII rearrangements were detected in bone
marrow, peripheral blood, and lymph node tissuc.
After this conversion, fluorescent activated cell
sorting (FACS) analysis demonstrated monoclonal
disease, suggesting that both CDRIII rearrange-
ments originated from one cell. Histological evi-
dence of a B-cell small lymphocytic lymphoma (B-
SLL) infiltrate in the bone marrow became evident
approximately 1 year after the two CDRIII
rearrangements appeared. Direct sequencing
revealed that one of the CDRIII sequences consist-
ed of a VDVDJ rearrangement. This is the first
report of such a rearrangement in a case of indo-
lent lymphoma. This type of rearrangement has
been described to result from a secondary VDJ
recombination in childhood acute lymphoblastic
leukemia (ALL) leading towards oligoclonality and
poorer prognosis. Our observations suggest that
such a finding in an indolent lymphoma patient
may precede transformation into an aggressive
disease. Early detection by PCR could have sub-
stantial impact on the prognosis of such patients.

Haematologica 2007; 88:(5)e61-¢63

Introduction. B-cell chronic lymphocytic leukemia/
small lymphocytic lymphoma (B-CLL/SLL) and Follicular
lymphoma (FL) both typically represent distinct entities
with different morphology, immunophenotype, histol-
ogy and genetics. However, FL occasionally, can show
morphological features of both FL and monocytoid B-cell
lymphoma (e.g. marginal-zone lymphoma) making the
diagnosis challenging. '* These lymphomas have been
called composite lymphomas. "The molecular pathogen-
esis of B-CLL/SLL remains unknown. There is no typical
chromosomal translocation associated with this patho-
logical entity. High level of BCL-2 expression that is con-
sistently seen in B-CLL/SLL results from other mecha-
nism (e.g. oncogene hypomethylation).* B-CLL/SLL is
characterized by an accumulation of neoplastic B-cells
positive for CD5, CD23, and CD19 and negative for sur-
face CD22 and FMC7 with a low proliferative rate.
Based on studies of mutational status B-CLL/SLL can be
divided into cases with unmutated and mutated VH
genes. Cells with mutated VH genes have gone through
the germinal center (GC) and are connected with more
favorable course of disease.”” Chromosomal transloca-
tion t(14;18)(q32;q21) that occurs between the BCL-2
protooncogene and the JH immunoglobulin gene region
is a hallmark of follicular lymphoma (FL) and can be
detected in 85% to 90% of FL.* The lymphoma cells orig-
inate from germinal center that means they have already
encountered with antigen. On the cell surface they
express CD19, CD20, CD22, CD24, CDI10,
immunoglobulins and are CD5 negative. Clinically FL
and B-CLL/SLL belong to low grade lymphomas with
median survival approximately 10 years. Up to 70% of
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low grade lymphomas tend to convert into an aggressive
lymphoma with a diffuse large cell architecture over
time.** Detection of BCL-2/JH translocation and/or the
CDRIII of immunoglobulin heavy chain gene rearrange-
ment by PCR is commonly used for diagnostic purposes
and can be monitored for minimal residual disease
(MRD) evaluation during the posttreatment follow-up.

Methods. The material tested by PCR was represented
by bone marrow samples (BM), peripheral blood sam-
ples (PB) and lymph node (LN) obtained from patient.
The DNA was extracted using standard procedures and
the usual precautions to avoid cross-contamination. The
presence of the BCL-2/JH translocation in the major
breakpoint region (MBR) of the BCL-2 gene was exam-
ined using a touchdown PCR (TD-PCR)" modified for
our conditions. The presence of the clonal immunoglob-
ulin heavy chain gene rearrangement (CDRIII, comple-
mentary determining region) was examined by poly-
merase chain reaction (PCR), as described previously."
Each reaction contained positive and negative control.
Amplified products were visualized on 2% polyacry-
lamide or 3% Metaphor agarose (FMC Bioproducts.
Rockland, ME, USA) gels stained with ethidium bro-
mide. Results were confirmed by repeat PCR at least
once. The sensitivity was routinely better then 10 posi-
tive cells in 10° normal cells as determined by compara-
tive PCR and also real time PCR."”PCR products were
extracted from 3% Metaphor agarose gel slices using the
crush and soak technique' and purified with Microcon-
100 (Millipore) purification columns, sequenced with
BigDye Terminator Cycle Sequencing kit (Applied
Biosystems) and analyzed on ABI Prism 310 Genetic
Analyzer (PE BioSystems).Sequences obtained from each
sample were compared with germ line sequences in the
EMBL/GenBank and current databases (V-BASE
sequence directory; .M. Tomlinson, MRC Center for
Protein Engineering, Cambridge, UK) and the closest
sequence was assigned." Attribution of the D segments
was based on the identification of at least 6 consecutive
bases without mismatches. The nomenclature proposed
by Corbett et al. was adopted."

Case history I. A 58-year-old man was diagnosed with
a stage IV nonhodgkin lymphoma which was described
as folicullar (FL) type in 1993. The PCR revealed positiv-
ity for BCL-2/JH translocation in BM. The BM was also
positive for immunoglobulin heavy chain genc
rearrangement (CDRIII). The patient received 6 cycles of
ProMACE-MOPP and then 4 cycles of ProMACE-
CYTABOM (Prednisone, Doxorubicin, Cyclophos-
phamide, Etoposide, ara-C, Bleomycine, Vincristine,
Methotrexate, Leucovorin) and reached complete remis-
sion. He remained PCR positive for BCL-2/JH and CDRI-
Il rearrangements. Then first CDRIII disappeared fol-
lowed by BCL-2/JH clearance. This was due to more sen-
sitive PCR technique (see sample from 1995 in table 1).
The next PCR test (see sample from 1996 in table 1)
revealed surprising result as the patient converted from
positivity for BCL-2/JH and CDRIII into BCL-2/JH nega-
tivity and CDRIII double positivity in BM. These find-
ings were consistent also in subsequent samples and
other tissues (PB and LN). The two distinct CDRIII
rearrangements were confirmed by direct sequencing.
Later on also the histology and the FACS analysis was
consistent with BM infiltration with a B-CLL/SLL infil-
trate. Slow progression in BM occurred in XI/1999,
approximately 3 1/2 years after the molecular conver-
sion. Then the patient presented with generalized lym-
phadenopathy within the matter of weeks. Upon histo-
logical evaluation a large cell infiltrate in BM sugested a
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disease transformation. The patient obtained 1 cycle of
salvage chemotherapy (ESAP), but further progressed.
The treatment was then changed to fludarabine and
cyclophosphamide together with rituximab (anti-CD20).
The disease remained resistant to therapy and the
patient died due to disease progression.

Results and discussion. This is a first report of patient
with indolent lymphoma bearing a secondary VD]
rearrangement. This report discusses also a rare case of
indolent lymphoma with both alleles for IgH rearranged
in the malignant clone. Sequencing revealed two distinct
CDRIII rearrangements (117 bp and 252 bp, see table 2)
in BM, PB as well as LN. The result of each PCR can be
evaluated as a duplex PCR. Using software analysis we
observed equal ratio between fluorescent intensities of
short and long CDRIIl from different samples. This
result was another proof of monoclonality. We wanted
to sequence the BCL2-JH translocation and CDRIII
rearrangement from the diagnosis samples. However, we
were not able to successfully amplify any of those
archival samples due to lack of DNA. That the two
CDRIII rearrangements originated from single malignant
clone was confirmed by FACS analysis. The
immunophenotype of tumor cells was characterized by
monoclonal surface expression of CD 19, CD 5, CD 23,
CD 20, CD 11c, and immunoglobulin light chain kappa,
FMC 7 and small % CD 79b. The histology resembled B-
CLL/SLL at that time so one explanation for presence of
two CDRIII rearrangements in the patient’s BM could be
that those result from lack of allelic exclusion. Rassenti et
al. presented that up to 5% of CLL cases lack allelic
exclusion. '* Aberrant expression of CD79b was previ-
ously suspected to lead to lack allelic exclusion, but no
difference in CD79b expression was observed between
CLL samples that expressed more than one IgH allele
and those with normal IgH allelic exclusion. 7 We com-
pared both CDRIII sequences with the corresponding
germline sequences using the GenBank/EMBL database
computer-based search. The shorter CDRIII resembled a
usual V($) - D2-8 - JH6b gene rearrangement and was
within reading frame and productive (see table 2A). The
longer CDRIII consisted of V(¢) - D3-22 - VH 4-4 - D2-
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21 - JH4b segments and we found a stop codon TAG
(unproductive rearrangement; see table 2B). The com-
parison of CDRIIl sequences with the germ line
sequences did not suggest mutation. However mutation-
al status of VH genes was not evaluated in detail.
Without the initial BCL-2/JH and CDRIII sequences from
the diagnosis it is rather difficult or speculative to explain
whether this molecular conversion resulted from a clon-
al evolution or if our patient had a composite lymphoma
(the originally dominant FL clone was eradicated and the
minor clone of B-SLL expanded). However, the present-
ed data still suggest a presence of secondary VDVD]
recombination that is unusual for indolent lymphoma.
The V(D)] recombinase possesses latent transponase
activity. Errors of V(D)] recombination may generate
chromosomal translocations consistent with those pres-
ent in lymphomas and leukemias. Lymphomas bearing
t(14;18) have been classified by phenotype and genotype
as malignant disorders originating from germinal center
(GC) B cell. The GC s a site of affinity maturation where
B cells undergo V(D)] hypermutation, Ig class switch and
may also support secondary V(D)] recombination. The
BCL-2/JH translocation is typical for tumor cells of GC B
origin and remains stable even after the transformation
occurs.” In our patient this marker disappeared as the
patient reached remission. The CDRIII is often used as
molecular marker in B cell lymphoproliferative disorders.
Our patient was originally positive for one CDRII], then
was shortly CDRIII negative. Later on we detected two
CDRIII rearrangements. This was followed by the dis-
ease progression and transformation. It is known that in
30-50% of cases of childhood B precursor acute lym-
phoblastic leukemia the CDRIIl may change along the
course of the disease leading to oligoclonality. This is
believed to result from a secondary V gene to D]
rearrangement.” There is also some evidence about
receptor revision through secondary VH gene rearrange-
ments in normal human B-lymphocytes.® We are not



aware of data about such phenomena in indolent lym-
phomas or leukemias. It is believed that secondary
rearrangements are driven by somatic hypermutation,
which takes place in GC. It is difficult to explain the
VDVDI] rearrangement in presented case since we did
not observe any mutations within both CDRIII
sequences. Our observation suggests that occurrence of
a secondary rearrangement is possible also in indolent
lymphomas. Since it may be followed by transformation
into aggressive disease, detection of such CDRIII
sequence should be considered seriously and the patient
managed carefully before a full-blown clinical
relapse/progression of aggressive disease develops.
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Chemotherapy alone may lead to a PCR negative
stem cell harvest In transformed lymphoma refrac-
tory to rituximab

We report a case of patient with transformed
low-grade lymphoma who was treated with
chemotherapy alone for her 4* relapse and
achieved polymerase chain reaction (PCR) negative
stem cell harvest. Based on our observations we
would like to discuss the strengths and weakness-
es of PCR monitoring in lymphoma patients.
Chromosomal translocation t(14;18)(q32;q21)
between the BCL-2 protooncogene and the JH
immunoglobulin gene region can be detected in
85% to 90% of follicular lymphoma (FL). Up to
70% of low-grade lymphomas tend to convert into
an aggressive lymphoma with diffuse large cell
architecture over time.>* The histological shift is
generally accompanied by the accumulation of sec-
ondary genetic changes that lead to poor outcome
(p53 mutations, mutations of BCL-6 etc.).” The
BCL-2/JH translocation remains stable even after
the transformation and thus is used as a clonal
marker. Polymerase chain reaction (PCR) followed
by sequencing is a rapid technique for diagnosis
confirmation. PCR monitoring is of prognostic
value when used for minimal residual disease
(MRD) evaluation during the follow-up.*

Haergatologica 2007; 88:(2)e19-620

The DNA was extracted from bone marrow (BM) and
peripheral blood stem cells (PBSC) using standard pre-
cautions to avoid cross-contamination.” The presence of
the BCL-2/JH translocation in the major breakpoint
region (MBR) of the BCL-2 gene was examined using a
touchdown PCR (TD-PCR)® modified for our conditions
(for details contact author).

Each reaction contained positive and negative control.
The sensitivity was routinely better then 10 positive cells
in 10° normal cells. PCR products were purified with
Microcon-100  (Millipore) purification columns,
sequenced with BigDye Terminator Cycle Sequencing kit
(Applied Biosystems) and analyzed on ABI Prism 310
Genetic Analyzer (PE BioSystems).

The patient was a 58-year-old female diagnosed with
nonhodgkin’s lymphoma (NHL) in 1992. The histology
was concluded as clinical stage IVB of small lymphocyt-
ic lymphoma (cervical, axilary, inquinal nodes, spleen
and BM involvement). She received 10 cycles of COP
and 3 cycles of chlorambucil with prednisone and
reached partial remission (PR; BM morphologically neg-
ative, spleen borderline). She was asymptomatic untill
1st progression (Pr) occurred in 1997 (in BM, paraaortic,
mesenterial and all external lymphnodes). She received
chemotherapy (6xCHOP then 6xM2) with radiotherapy
of spleen and reached PR again. The 2 Pr was treated by
radiotherapy of involved lymph nodes (axillary) and
spleen again (I/1999). In IX/1999 the patient was first
time evaluated by PCR. BCL-2/JH translocation was con-
firmed in BM. The histology diagnosis has been changed
into follicular lymphoma.

The patient was also positive for immunoglobulin
heavy chain gene rearrangement (CDRIII) by PCR. PCR
for BCL-2/JH translocation was used for further monitor-
ing. The 3 Pr (IV/2000; in BM, spleen, liver, paraaortic
and mesenterial lymphnodes) was accompanied by
transformation into aggressive diffuse large cell lym-
phoma (partially expressing also CD30). The patient
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received 4 doses of rituximab (monoclonal antibody
anti-CD20) in combination with ESAP chemotherapy
and achieved CR including PCR negativity in BM. In
XI1172000 she presented with her 4" relapse in chest and
abdominal lymphnodes, BM histology was negative, but
PCR positive with a molecular confirmation of the malig-
nant clone. The patient received 2 cycles of salvage
chemotherapy (IVE) and was able to collect a stem cell
harvest that was negative by PCR. However, being heav-
ily pretreated she developed profound pancytopenia
complicated by sepsis and renal failure. The patient suc-
cumbed to these complications.

Using TD-PCR and sequencing we obtained a BCL-
2/JH translocation of approximately 200 bp (within pub-
lished range) both prior and at the time of 4* relapse. (see
Table 1)

Thus the initial diagnosis was changed into follicular
lymphoma. It is obvious that a PCR technique should be
attempted in order to establish a precise diagnosis espe-
cially in cases when the histology or other laboratory
tests are not conclusive.

Median survival of patients with transformed low-
grade lymphomas is less than 1 year despite further con-
ventional therapy.’ Therefore patients with chemosensi-
tive transformed NHL should be seriously considered for
high-dose therapy and autologous stem cell support.”
Numbers of patients in reports showing the outcome
after treatment with rituximab for transformed malig-
nancies are low, especially those evaluating the molecu-
lar features of malignant cells."'? We observed that it is
possible to obtain a PCR negative autograft by using sal-
vage chemotherapy even in patients with a 4th relapse of
transformed NHL.

We would like to highlight some issues of PCR moni-
toring in NHL. Our patient’s BM was PCR negative
(VIII/2000) and CT studies were also negative shortly

Table 1A: MBRA-JH sequence obtained from PCR positive BM
samples: MBRA (blue) major breakpoint region A, NDN (black)-
sequence between break of MBRA and JH genes (blue); D seg-
ment (green), primer sequences, D segment and break sequence
are underlined.
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Table 1B: CDRIIl rearrangement sequence obtained from PCR
positive BM samples: FR3A (blue) farmework region 3, NDN
(black)- sequence between rearranged VH genes and JH genes;
JH gene (blue), primer sequences underlined.
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before the 4" relapse.

That relapse occurred in lymph nodes allows us to rea-
son that residual tumor cells in lymph nodes were
responsible for the recurrence. More frequent PCR eval-
uation has a prognostic impact in patients with acute
lymphocytic leukemia. ' Our experience suggests that
more frequent PCR testing especially in patients with
aggressive lymphomas should be warranted during the
follow up. Secondly. unlike in leukemia where the dis-
case typically presents within easy-to-sample tissues
(BM, PB), in NHL the most reliable tissue for PCR follow
up has not yet been clearly established. We recently pre-
sented that rituximab alone or in a combination with
chemotherapy may induce PCR negativity in the BM of
high percentage of NHL patients and that is connected
with a better prognosis. *'* However, patient with PCR
negativity in BM may still have active disease e.g. in
lymph nodes. * These observations bring to our atten-
tion other methods for carly disease detection such as
positron emission tomography (PET). ' We believe that
PET imaging may have a prognostic impact in patients
without molecular marker and may be also considered in
PCR informative patients as the disease may recur in
sites or organs that are difficult to sample regularly.
Initiation of randomized trials is needed to validate this
hypothesis.

I Cemy, A. Slavickova, A. Krepelova, M. Trneny, P Klener
Correspondence: Jan Cerny, First Dept. of Internal Medicine and
Institute of Biology, Charles Uniuversity General Hesprtal, Prague,
Czech repultlic.
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prehled

VYZNAM MINIMALNI REZIDUALNI NEMOCI A METODY JEJIHO
STANOVENI U PACIENTU S NEKTERYMI HEMATOLOGICKYM
MALIGNITAMI

THE SIGNIFICANCE OF MINIMAL RESIDUAL DISEASE AND METHODS OF
ITS DETECTION IN PATIENTS WITH HEMATOLOGICAL MALIGNANCIES

CERNY J., TRNENY M., KLENER P.

I. INTERNI KLINIKA - KLINIKA HEMATOLOGIE A NEFROLOGIE |. LEKARSKE FAKULTY
UNIVERZITY KARLOVY A VSEOBECNE FAKULTNI NEMOCNICE, PRAHA

Souhrn: Rychly vyvoj cytogenetiky. pratokové cvtometrie a molekuldrni biologie roz8ituje moZnosti detekce minimdlni rezi-
dudlni nemoci. V obecné ¢4sti je uveden struény piehled nejéastdji uzivanych laboratornich technik. Ve specializované Cisti
jsou pak shrnuty literdrni idaje o klinickém vyznamu detekee rezidudlni nemoci u nékterych hematologickych malignit.
Kli¢ova slova: minimalni rezidualni nemoc. cytogenetika. pratokovi cytometrie, molekulidrni biologie, polymerdzovi fetézo-
vi reakee. molekularni kompletni remise, transplantace krvetvornych kmenovych bunck. monoklondlni protilitka

Summary: The rapid development of cytogenetics, tlow cytometry and molecular biology broadens the spectrum of options
for minimal residual disease detection. A brief overview of the most frequently used laboratorv techniques is given in the gene-
ral part. The specialized part summarizes the data from literature concerning the clinical significance of the minimal residual
disease detection in certain hematological malignancies.

Key words: minimal residual disease, cytogenetics, flow cytometry. molecular biology, polymerase chain reaction. molecu-

lar complete remission. transplantation of hematopoietic stem cells, monoclonal antibody

Uvod

Prakticky viechna onkologick4 onemocnéni pfedstavuji klo-
nalni proces, kdy se ur¢ita £ast bun&&né populace, klon, vymk-
la kontrolnim mechanismum ristu. V hlavni roli se zde uplat-
fiuji specifické zmény v genomu buiiky (primarni zmény).
Jejich pfitomnost miize vyvolat nadorovou transformaci nor-
mélni buiiky v nddorovou buiiku uritého typu (napf. translo-
kace t(9;22) u chronické myeloidni leukémie, CML). V pato-
logicky zmé&néném genomu dochézi v prib&hu ¢asu nadile
k mutacim (sekunddrni zmény). Jejich vysledkem je vznik sub-
klont bunék, které jsou &im dal tim méné ovlivnitelné vnitf-
nimi fyziologickymi mechanismy kontroly ristu bunék, stej-
né tak jako jsou i méné& citlivé k protinddorové terapii.
Sekundarni zmé&ny jsou tedy zodpovédné za rezistenci, pro-
gresi onemocnéni (napf. mutace proteinu p53). Pfedpokladem
vyléZeni nemocného s onkologickym onemocnénim je Gspes-
né zni¢eni maligniho klonu bunék, tj. navozeni, kvalitni* kom-
pletni remise onemocnéni.! Kvalitu remise miizeme méfit
s riznou citlivosti. Podle vybrané metodiky maZeme hovofit
o kompletni remisi klinické (clinical complete remission,
CCR), cytogenetické, imunologické, nebo molckularni (mole-
cular complete remission, MCR).

CCR je moZno definovat jako vymizeni zndmek onemocnéni
pod droveii detekovatelnou pfi pouZiti béZnych vy3etfovacich
metod (radiodiagnostickych i laboratornich). Obecné platnd
kriteria klinické kompletni ¢i parcidlni remise (partial remis-
sion, PR) jsou pak je3t& upravovéna jednotlivymi pracovnimi
skupinami jako je tomu napf. pro nehodgkinské lymfomy
(NHL).? U hemato-onkologickych pacientli lze dosihnout
s vysokou pravd&podobnosti CCR, dochazi v3ak také ve vyso-
kému procentu k ndvratu nemoci, relapsu. Relapsy jsou ve své

kone&né fazi nejcastéjsi pfi¢inou selhani protinddorové tera-
pie. Pfedpoklada se, 7e k rekurenci onkologickych onemoc-
néni pispivaji rezidualni maligni buiiky. Subklinickym zbyt-
km nadoru se fikd minimalni rezidudlni nemoc (minimal
residual disease, MRD). Rozsah a vyvoj MRD v priib&hu one-
mocnéni lze sledovat s riiznou citlivosti laboratornich technik.

Metody:

— cytogenetické (cytogenctika; popt. fluorescein in situ hibri-
dization, FISH). mohou detekovat | nadorovou buriku mezi
102 buiikami normalnimi

— imunologické (imunofenotypizace: pritokovd cytometrie,
fluorescein activated cell sorting. FACS). vykazuji vy3Si cit-
livost tj. 10-2-10°3

— molekuldrni jsou ncjcitlivejsi (zcjména polymerase chain
rcaction. PCR nebo reverse transcriptase-polymerase chain
reaction. RT-PCR). citlivost 10-3-10-¢

l'ak jako je moZné oznacit stav pacicnta bez detekovatelné
MRD jako molekularni kompletni remise (molecular comple-
te remission. MCR) Ize¢ podobné definovat i molekuldrni nebo
také PCR rclaps, coZ jc oznaCeni uZivané situace. kdy jc zcjmé-
na pomoci kvantitativni PCR zjiSt€na cxpanze patologického
klonuo I log bez zavislosti na intervalu od pfedchoziho vyset-
feni bez znamek klinického relapsu.?

Cytogenetika

Chromozomalni analyza lidskych bunc¢k pouZiva jednuk kla-
sickych cytogenetickych metod. kdy se na metafazickych chro-
mozémech hodnoti jejich polet. velikost. tvar a strukturu chro-
mozémt.  DNA sond (prob) identitikujicich urdity tsck DNA
lze pouZit i pro buiiky v interfdzi. Zprvu radioaktivné znacené
sondy byly nahrazeny sondami fluorescenénimi (FISH), coZ
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umoZnilo rozvoj cytogenetiky. Dnes jsou k dispozici tzv. bar-
vici sondy specifické pro kazdy chromozém. kterymi lze odha-
lit n&kolik aberaci najednou a mimo jiné také delece a ampli-
fikace genetického materialu.

Technika komparativni genomické hybridizace (comparative
genomic hybridization, CGH) porovndvé barveni chromozé-
mu nddorovych a normalnich bunék. Pokud neni ztrata nebo
nadbytek DNA, dany tsek chromozému je Zluty (rovnoviha
mezi Cervenou a zelenou barvou). V pfipad& imbalance se dany
usek zbarvi Zervené nebo zeleng. Ztéto metodiky vychaziitzv.
microarrays. Nov&jSi metodou je tzv. multibarevnd FISH (mul-
ricolor FISH, M-FISH),5-kdy se jednou &i vice barvami ozna-
¢ené chromoz6émy normaélnich bungk porovnavaji s chromo-
z6my buné€k nadorovych. Touto metodou Ize tedy identifikovat
zméné&né chromoz6my, aviak bliZ3i specifikace vyZaduje pou-
ziti specifické DNA préby.

Cytogeneticka odpovéd napf. u CML pfedstavuje procento
jader negativnich pro danou cytogenetickou zménu, tj. t(9;22)
historicky Philadelfsky chromozom (Ph). Podle stupné se
odpov&d déli nasledovné&: Zadna, minimalni (1% aZ 32% Ph
neg). minor (33% aZ 65% Ph neg), major (66% aZ 99% Ph neg)
a kompletni (100% Ph neg).”

Imunofenotypizace

Pritokové cytometrie pouZivé znageni povrchovych nadoro-
vych antigenit pomoci monoklondlnich protilatek vaZicich se
specificky natyto povrchové znaky.® Vétsina analyz FACSem
zdvisi tedy na detekci povrchovych antigent bunék, nejcasté-
jitzv.CD(cluster differentiation). V pfipad& B buné&nych lym-
foproliferaci se je§t€ k uréeni klonality vyuZivéa exprese leh-
kych imunoglobulinovych fetgzcii.? PrestoZe jsou tyto techniky
citlivéj3i neZ morfologické metody maji svd omezeni. Vzhle-
dem k variabilit€ povrchovych znakt niddorovych elementt
maji nékteré metody informativni hodnotu jen u vybranych
pfipad.'® Vyznamnym pokrokem u metod monitorovéni
MRD pomoci FACS je uplatn&ni vicebarevné fluorescence,
které umoZni analyzu zna¢né& velkého mnozstvi bunék a iden-
tifikaci i jen velmi malé bun&&né subpopulace. Tuto metodi-
ku lze pouZit v §iroké mife, je kvantitativni a zachovéva si i dob-
rou sensitivitu (10-5).!1

Polymeriazova fetézova reakce

(polymerase chain reaction, PCR)

Metody PCR maji mnoho podob a modifikaci. Mohou byt kva-
lirativni (plus, minus) nebo také kvantirativni (Q-PCR). Mezi
klasické postupy patfi jednostupriovd PCR, kdy je cyklicky
(30x- 50x) mnoZena vybrana sek vence ohrani¢ena parem pri-
merd. Tato metodika pracuje s citlivosti zhruba 10-3-107.
Dvoustupriovd PCR (nested PCR) vyuZivé navic tzv. vnitfnich
primeru, které rozpozndvaji tseky genetické informace jiZ
v pfedem namnoZenych sekvencich z jednostupiiové PCR. Tim
se miiZe zvy3it citlivost na pfiblizn& 1073-10°9.!2 Nevyhodou
je nutnost znat dva pary primerd, které vymezuji hledanou
sekvenci, coZ sebou mimo jiné pfinasi také pracné&jsi optima-
lizaci reakce. Mezi jednostupfiovou a dvoustupiiovou PCR se
svou citlivosti miize za uréitych podminek vmezefit i tzv.
Wouchdown PCR*, u které je cykla&ni program upraven tak,
aby all13i pfi vysokém po¢tu cyklt nedochézelo ke vzniku nespe-
cifit.

Metoda RT-PCR detekuje pfitomnost nddorové mRNA, kterd
je v prvnim kroku pfepsdna do cDNA a dale jiZ je mnoZeni
cilové sekvence stejné jako u klasické PCR. !4

Skute&nost, Ze pfitomnost nékterych markerli nddorovych
bun&k byla detekovana u jedinct bez onkologického one-
mocné&ni'? a u pacientt v dlouhodob& kompletni remisi, 6:17
vedla k rozvoji kvantitativnich metodik. Rozsah MRD lze
hodnotit semikvantitativné (narast, pokles, stagnace) nebo
absolurné, kdy je moZno ur¢it po&et patologickych bun&k
v daném vzorku. PCR metodika limitujiciho Fedéni urluje
koncentraci (fed&ni) cilové sekvence ve vzorku, pfi které jes-
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t& 1ze detekovat PCR pozitivitu pfi znalosti citlivosti reak-
ce.!8 Tato metoda byla vyuZita k semikvantitativnim stano-
venim MRD ajeji vysledky byly v souhlase s klinickym obra-
zem.!920 Pro ptfesn&ji kvantifikace pak byla navriena
komparativni PCR uZivajici koamplifikace CDRIII jako pato-
logického markeru a H-ras onkogenu jakoZto referentniho
markeru (interni standard). Ob& metodiky poskytuji sou-
hlasné vysledky a vyvoj hladin bunék nesoucich sledovany
marker byl v souhlase s klinickym obrazem.20-22 Nevyhodou
koamplifika&nich reakci (multiplex PCR) je v3ak sniZeni cit-
livosti detekce na 10-2-1073.

Absolutni kvantitativni PCR metody jsou pfedstavovany kom-
petitivnimi (vétSinou nested) PCR nebo RT-PCR.23 které s cit-
livosti 1073-10° patti mezi k nejuzivangj$im. Kompetitivni PCR
je zaloZena na porovndvani mnoZstvi produkti PCR pfi znéa-
mé koncentraci templétu (externi standard) v pozitivni kon-
trole.24 Pi provedeni reakce v fedici fadé, Ize pak ziskat mnoZ-
stvi templdtu ve vzorku, tj. poet nadorovych bunck v méfeném
vzorku. Uvedend metodika je dobfe propracovéna a doporu-
&ovéna pro monitorovani MRD u leukémii zejména CML.3-23
Moznost, jak odliit PCR pozitivni nemocné, ktefi po 1é¢bé
setrvaji v dlouhodobé CCR od nemocnych ohroZenych relap-
sem naznacuji studie s nejnov¢j$i metodikou tzv. ,realtime
PCR* u akutnich lymfoblastovych leukémii (ALL),2° mnoho-
getného myelomu (MM)?” anebo folikuldrnich lymfomd
(FL).28 Tato technika vyuZiva 5'-3’ nukleazové aktivity Taa
polymerazy a fluorescen¢né znatenou cilovou DNA prébu.
B&hem reakce je préba odt€poviéna, coZ vyvolé fluorescenci,
kterd je pfimo imérnd mnoZstvi cilovych sekvenci.

Jak jiZ bylo naznaeno dfive PCR je pfedstavovana amplifi-
kaci unikatni genové sekvence, které se nachédzi v genomu pato-
logické buiiky. Takova sekvence miZe byt jednak specifickd
pro dané onemocnéni (1(9;22) uCML; t(14;18) uFL; t(11;14)
u lymfomu z bungk platové zény, MCL apod.). Nebo muZe
byt dokonce typicka pro dany bun&ny klon (CDRIII klon4l-
ni restrukturace genu pro t&Zky imunoglobulinovy fetézec
u B lymfocyti nebo klonélni restrukturace genu pro receptor
T lymfocyt u lymfoproliferativnich onemocnéni).3? Postupy
zaloZené na PCR detekcei klondlniho IgH jsou povaZovany za
metody s dobrou citlivosti, av3ak i ty lze aplikovat napf. jen
u asi 70-80% pacientll, protoZe byva mutacemi IgH genti Sas-
to zm&n&no misto pro navazani tzv. konsensus primerd. Citli-
vost PCR detekce IgH rearanZma je sniZovéna pfitomnosti nor-
malnich lymfocytd, pozadi (max. 10"4). PCR techniky, které
pouZivaji primery specifické pro pacienta (allele-specific oli-
gonucleotide ASO-PCR) maji v&t3i sensitivitu (a2 109).3! Jed-
na se oviem o postupy ndro¢né na pracnost a finance a vysled-
ky nejsou ihned dostupné. Proto neni pouZiti ASO-PCR idealni
pro standardni monitoring 1é¢ebné odpové&di. Kombinaci ASO-
PCR spolu s ,real-time* PCR lze ziskat kvantitativni vysled-
ky s citlivosti 1073.32

Material vhodny k vySetieni a monitorovani MRD

Sledovéani MRD zvl43t& pak u leukémii je provadéno z kostni
dfen& (bone marrow, BM) nebo periferni krve (periferal blo-
od, PB) jiZ déle neZ deset let. U NHL je v3ak situace sloZit&)-
§i, nebot neni zcela jasné z jakého histologického materialu
vySetfeni provadét. Lymfom vzniké nej¢astji v lymfatické
uzliné (LN), av3ak existuje i mnoho extranodélnich lymfomu.
Otazkou, ve které tkéni monitorovat pfitomnost MRD u NHL
se zabyvalo n&kolik autort s rozdilnymi zdvéry. Gribben, ale
i dal3i autofi popisuji vyznamné&j3i vliv pozitivity v BM nad
pozitivitou v PB na prognézu nemocnych s NHL 3334 zatim-
co jini upfednostiiovali monitorovani v PB.35-36 Lopez-Gui-
lermo koreloval vysledky PCR vy3etfeni BM a PB po 1é¢b&
s klinickou odpové&di u folikuldrnich lymfomu (FL). Jeho pozo-
rovani jsou uvedena v tabulce 1 a vyplyvaz nich, Ze PCR nile-
zy v PB se cca v 70% shoduji s nilezy v BM a naopak.3% To,
Ze je celd tato problematika komplexné&j3i a Ze prav€& u NHL
se vice uplatiiuje vliv rozdilnosti kompartmenta dokreslil



Tabulka. 1: Shoda mezi terapeutickou odpovédi na molekularni Grov-
ni v PB a v BM v riiznych &asovych intervalech od 16¢by (¢isla uvedens
v procentech). (BM - kostni dfeit: PB - perifemi krev: n - pocet pacientil)

3-5 mésicl 6-8 mésicl 9-14 mésict
(n=57) (n=41) (n=35)
PB(+)/BM(+) nebo
PB(-)/BM(-) 70 66 77
PB(+)/BM(-) 13 5 9
PB(-)/BM(+) 17. 24 14

i Gupta svym pozorovanim, kdy do¥lo po terapii monoklonal-
ni protildtkou anti-CD20 k vymizeni lymfomovych elementt
z periferni krve, avak objevil se relaps v uzlin&.37 MnoZstvi
t(14;18) pozitivnich bun&k v PB pfed zahijenim standardni
terapic nckoreluje s vysledkem 1é¢by.38 U nemocnych s bul-
ky postiZzenim cirkuluje v periferni krvi méné t(14:18) pozi-
tivnich bunék neZ u ostatnich nemocnych, coZ je vysvétlova-
no zvy3enou expresi adhesivnich receptorii (napf. L-selectin)
na povrchu lymfomovych bunék v pfipadé bulky NHL. Tako-
vé buriky také preferuji tzv. ,,homing" sgi§e do uzliny neZ do
kostni dfeng &i cirkulaci v periferni krvi.3 Skute¢nost, Ze nado-
rové buiiky nemusi byt vyplavovany ztkaiiovych depot do obé-
hu je v8ak vyrovnanatzv. ,sampling errorem* (odbérova jehla
mine patologické loZisko) pfi vy3etfovani BM nebo jinych
solidnich tkani.

U NHL existuje obecna shoda v tom, Ze uzlina by mé&la byt
vy3cticna pfi stanoveni diagnézy a MRD byva &asto moni-
torovéna b&hem onemocn&ni v BM spolu s PB.3%:3¢ Ostatni
tkan& (LN, periferni kmenové buiiky, slezina, sliznice, kiiZe,
mozkomi3ni mok, atd.) maji jist€ vyznamnou ulohu v indi-
vidudlnich ptipadech ¢&i spiSe konkrétnich situacich (stano-
vené diagndzy &i relapsu apod.), ale nelze jejich vy3etfova-
ni praktikovat rutinnég.

Prakticky vyznam stanoveni MRD

Stanoveni MRD ma mimotadny vyznam ¢éZ pfi transplanta¢-
ni terapii. Nejpravdépodobné;jii pfi¢inou rekurence je persi-
stence nadorovych bun&k v organismu, nelze viak vylou¢itani
podil infiltrace autologniho 3t&pu.%4! Tento fakt ved! jednak
k intenzivnimu vyzkumu klinického vyznamu riznych metod
Cidténi (purgingu)*? a také ke snaze pouZit AlloSCT u v&t3iho
poctu pacienti. Fakt, Ze infiltrace BM je nejvyznamné;j3i fak-
tor ovliviiujici Eistotu (puritu) 3t€pu, ktery je pacientovi v ram-
ci autologni transplantace krvetvornych bunék podan (autolo-
gous stem cell transplantation, ASCT), byl popsan u mnoha
onkologickych diagnoéz. Existuji prace popisujici, Ze Cistota
3t&pu muZe byt ovlivnéna jednak pouZitym mobiliza¢nim reZi-
mem,*3 intenzitou pfedlé&eni (uZitou indukeni terapii) a rizi-
ko zneli3téni roste s vy38im po¢tem separaci.*? Studie zaby-
vajici se kontaminaci 3t&pa krvetvornych kmenovych bunék
(peripheral blood stem cells, PBPC) nadorovymi elementy ved-
ly ke zji¥téni, Ze doba vyskytu maximalniho poctu krvetvor-
nych kmenovych a progenitorovych bunék vyplavenych z kost-
ni dfen& do periferni krve o n&kolik hodin pfedchdzi nebo se
prakticky shoduje s maximem vyplavovani bun&€k nddorové
transformovanych.40-4443 Dal3j studie ukdzaly, Ze pFitomnost
nddorovych elementd v poddvaném 3tépu ma na progndzu
pacienta negativni dopad.*5-46

Metodiky molekuldrni biologie umoZiiuji sledovat vyvoj one-
mocnéni a tim i pfedvidat prognézu nemocného a zéaroveft
pomahaji pfi studiu patogeneze malignich onemocnéni, kterd
byva pfedstavovina genetickou lézi vedouci k nadorové trans-
formaci.

Poznatky vysvétlujici biologické chovani jednotlivych hema-
tologickych malignit se pozvolna za¢inaji odraZet i v zavadé-
ni novych lé¢ebnych zpusobu do klinické praxe. Napf. uCML
se v posledni dobé k 16€b& pouZiva inhibitor specifické nado-
rové tyrosinkinazy STI 571 (imatinib mesylat).#’

ALL (akutni lymfoblastov4 leukémie)

CCR je definovana jako pfitomnost méné nez 5% blasti v KD,
coZ muZe predstavovat 0 aZ 10'° leukemickych bungk. Pro sle-
dovani MRD se vyuZiva detekce translokaci t(12;21) (u détf),
pfipadné t(14;18). Asi u 3-5% déti a 25% dospélych s ALL lze
detekovat 1(9;22). Uvadi se, Ze zmin&né metodiky pracuji s cit-
livosti az 10°%. V nékterych ptipadech se pouZiva PCR detek-
ce klonalni restrukturace IgH nebo T receptoru (dohromady aZ
u95% ptipadu).20-48 Zhruba u 20-30% nemocnych vSak docha-
zi b&hem onemocnéni ke klondlnimu vyvoji, ktery pfedstavu-
je riziko fale3né PCR negativity, proto se doporu€uje kombi-
nace s dal3i technikou (FACS).?® PCR detekce MRD poméha
pfi hodnoceni odpovédi na terapii a tim nabyva diileZitou pro-
gnostickou hodnotu. Pacienti, u kterych nedojde k negativiza-
ci PCR b&hem prvniho roku maji vysoké riziko relapsu.*® Vymi-
zeni fuznich transkriptt BCR-ABL po transplantaci kostni
dfené (TKD) a jejich znovuobjeveni pted relaPsem bylo pozo-
rovano u nemocnych s ber-abl pozitivni ALL.3! Zda se, 7e kvan-
tifikace MRD i z pouhého jednoho vzorku miZe mit uréitou
prediktivni hodnotu u nemocnych s ALL (viz Tab.¢&. 2).% Stej-
né tak semikvantitativni metodiky monitorovani MRD dok4Zi
predpovédst klinicky relaps.? Persistence MRD u nemocnych
s akutni lymfoblastovou leukémii (ALL) po terapii znamenala
vysoké riziko relapsu nemoci.>? Prospcktivni analyza ukazala,
Ze u nemocnych bez detekovatelné leukémie dochazelo v 8%
k relapsu, zatimco u ostatnich nemocnych se nemoc vracela ve
40% pripadu. Av3ak ani absence MRD po indukéni terapii neni
uznina jako dostate¢na podminka pro pferudeni nebo ukonce-
ni 1é¢by.

Tabulka 2: Vy§e MRD v jednom vzorku a riziko relapsu u pacient
s ALL.

Uroveil MRD Relapsi

>10-3 100%

10-3 a2 2x10-5 40%

< 10-5 0% (setrvali v remisi)

CLL (chronicka lymfatick4 leukémie)

CLL je onemocnéni s indolentnim prab&hem, které viak ma
variabilni prognozu v zavislosti narizikovych faktorech. Medi-
an pfeZiti je asi 6 let a 20% pacientt pfeZije 10 let. Zatimco se
vékovy mediin v &ase diagnézy pohybuje asi kolem 65 let, 30%
nemocnych CLL je méné& neZ 60 let. CLL neni vylécitelnd kon-
venénimi postupy a pfi pfitomnosti nepfiznivych prognostic-
kych faktort je pteZiti krat3i neZ 3 roky. Takova prognoza neni
akceptovatelna zejména pro mlad3i nemocné, proto se neusta-
le hledaji a&inné&;3i 1é¢ebné postupy, které by byly schopné era-
dikovat onemocnéni &i navodit dlouhodobou remisi.

Dvé neju¢innéjsi pouZzivané metody pro sledovani MRD uCLL
jsou zaloZeny bud na FACS nebo PCR. PCR detekce CDRIII
patfi mezi nejcitlivéj3i metody sledovani MRD u CLL a pfi pou-
Ziti tzv. konsensus primert ji aplikovat u asi 70-80% pacienttl.
Robertson pozoroval, Ze nemocni s CLL l1é¢eni fludarabinem
mohou dosdhnout MCR (stanovené dualnim FACS vy3etfenim
a analyzou Ig gent pomoci Southern-blotu). Kvalita remisc
méla prediktivni hodnotu ve smyslu trvani lé&ebné odpovédi.2
Vuillier jako jeden z prvnich prezentoval, Ze nemocni s CLL
mohou dosahnout PCR negativity.’* Pozdé&ji Provan demon-
stroval, Ze persistujici PCR pozitivita po ASCT znamena vy3-
Siriziko relapsu. Naopak se ukdzalo, Ze vé&t3ina pacientl snega-
tivni PCR jeibez zndmek onemocnéni. ASCT tedy pfedstavuje
jednu z terapeutickych moZnosti, kterd se mtiZe stat u urdité
skupiny nemocnych s pokro¢ilou CLL kurabilni.’3 Magnac
popsal vysledky monitorovani MRD u 12 nemocnych po dosa-
Zeni CR (doba sledovani 17- 60 mésict; viz Tabulka 3). Vzhle-
dem k malému poétu sledovanych nemocnych je tfeba brit
vysledky rezervované, aviak potvrdilo se, Ze HDT ma vési
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Tabulka 3: Vysledky monitorovédni MRD u 12 nemocnych s CLL po
dosaZeni CR. Standard- 8 x fludarabin (4-12 cykld) a Ix CHOP, 3 x sal-
vage (refrakterni na standardni chemoterapii)- ESHAP (3-6 cykl).

Tabulka5: Vliv hladiny MRD stanovené po ukoncenfindukce a v nésled-
ném sledovéni po konsolidaci na pocet relapsi. (MRDInd+/ - pfitomnost
&i nepfitomnost MRD po indukéni terapii. MR DCons+/ - pfitomnost {i nepfi-
tomnost MRD po konsolida¢ni terapii; * p <0.001 **, p < 0,007)

Potet Terapie PCR-vs. | Relaps | Umrti
nemocnych PCR+ Skupina MRD Ind+ MRD Ind-
9 Standard 178 ) on pacientd
Celkem = =
3 Salvage+ ASCT 310 0/0 0/0 pacientd n=2l n=30
Po konsolidaci | MRDCons+/ | MRDCons-/ | MRDCons+/| MRDCons-/

AT L : . Al pacientd 14 7 8 22
potenc.lal k indukci MCR a také, Ze nemocni bez rezidualni
nemoci méli lep3i prognézu.3® Dokonce i pfi pouZiti necidté- Potet 10 (71)* 0(0) 7(87)** 5(23)
ného $t&pu PBPC Ize indukovat MCR. Ve studii italskych auto- | relapst (%)

ri bylo celkem 20 nemocnych v CR po terapii fludarabinem
transplantovano ne¢isténymi PBPC. 75% pacienti dosahlo
MCR (15/20) atito pacienti méli lep3i prognézu onemocnéni.>’
Nedévno byla publikovéna prace, ve které byla MRD sledova-
na pomoci citlivé metodiky FACS po terapii fludarabin + ASCT
nebo monoklonalni protilatky anti-CD52 + ASCT. Jako MRD-
byli oznageni nemocni s méné neZ 0.05% CLL bunék v BM.
Terapii bylo dosaZeno celkem u 76% (19/25) nemocnych MRD-
, zatimco zbyvajicich 24% (6/25) bylo MRD+. Event free sur-
vival (EFS) byl statisticky vyznamné& hor8i u MRD+ pacicntl
neZ u MRD- (p= 0.0001). Podobné i celkové pfeZiti (overall
survival, OS) bylo statisticky vyznamné zkraceno u MRD+ sku-
piny oproti nemocnym MRD- (p= 0.007). U viech MRD+
nemocnych i pacientd s nizkymi dvodnimi hladinami rezidu-
alni nemoci dochazelo k postupnému narstu CLL bungk.!!

AML (akutni myeloidni leukémie)

Pravdé&podobnost navozeni CCR se u dospélych nemocnych
pohybuje mezi 70-80%. Podobné je viak také vysokataké prav-
dépodobnost relapsu (60-70%).3 Persistence MRD je studo-
vana pomoci vysoce sensitivnich PCR detekci specifickych
translokaci [t(6;9), t(15;17), t(8;21) apod.]. K monitorovani
MRD se také vyuZiva i RT-PCR detekci transkriptt AMLI/ETO
u akutni myeloblastové leukémie [AML M2); 1(8;21)]%°
a PML/RAR-alfa u akutni promyelocytarni leukémie (APL,
M3).5%-61 ProtoZe viak pouze mala &ast nemocnych s AML ma
PCR detekovatelny marker je MRD ¢&asto sledovana pomoci
FACS.* Prace publikované v prvni poloviné devadesatych let
nepfinesly zcela jasnou odpovéd na vyznam MRD u AML. Pfi
stabilnim mnoZstvi MRD zachycené v prib&hu CCR nemusi
u nemocnych dojit k relapsu ani pfi opakované PCR pozitivi-
t&. To plati zejména pro AML M2.52 Naproti tomu u AML M3,
akutni promyelocytarni leukémie [APL; t(15;17); PML/RAR-
alfa) je pozitivita zji§t€éna pomoci RT-PCR opét spojena s vyso-
kym rizikem relapsu.50 Stejné tak varujici je trvaly narist mole-
kularniho markeru, ktery muiZe byt spojen s pozdéjSim navratem
onemocnéni.%3 Z praci novéjsich je moZno zminit napf. multi-
centrickou studii *‘AIDA’’ Trial (GIMEMA-AIEOP), v niZ
byla MRD monitorovana pomoci RT-PCR pro PML/RAR-alfa
scitlivosti 10"*. Z21 pacientd, u nichZ doslo b&¢hem CR ke kon-
verzi z PCR- na PCR+ a PCR+ se opakovala ve dvou po sobé&
nasledujicich vzorcich, dospélo 20 nemocnych k relapsu
(95%).°* Vysledky randomizovanych studii EORTC/GIME-
NA AML-10 a EORTC/GIMENA AML- 13 pfina3ejici shrnu-

Tabulka 4: Vliv hladiny MRD stanovené po ukonéenf indukce nebo
konsolidace na pofet relapsu. (MRDInd+/ - pfitomnost &i nepfitomnost
MRD po indukéni terapii, MRDCons+/ - ptitomnost ¢i nepfitomnost MRD
po konsolida¢ni terapii; * nesignifikantni, ** p < 0,001)

Po ukondeni Indukce Indukce | Konsolidace | Konsolidace
MRD (MRDInd+) { (MRDInd-) [(MRDCons+) | (MRDCons-)
(bungk) >=45x10%{<4,5x10%| >=35x 104 | <3,5x10%
Celkem - - - =
pacientt (n=26) (n=30) (n=22) (n=29)
Pocet . =
relapst (%) 15 (58) 12 (40) 17(77) 5(17)
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ti 2 pro AML subjednotky obecné platné vysledky monitoro-
vani trovné MRD u pacientt po indukéni a konsolida¢ni tera-
pii byly publikovany nedavno (viz Tabulka 4). Vy33i hladina
MRD korelovala s krat§im obdobim bez relapsu (relaps frec
survival; RFS) a hor§im OS.

Sledovani vyvoje MRD u pacientl po ukonéeni konsolidace
ukazalo podobné vysledky (viz. Tabulka 5).5 PouZiti PCR
pozitivniho $t&€pu k transplantaci u AML je spojeno s rizikem
rekurence onemocnéni po TKD 40,66

CML (chronicka myeloidni leukémie)

CML je z hlediska molekularni biologie asi nejlépc prostu-
dované onemocnéni. Objeveni tzv. Philadelfského chromo-
z6mu (Ph) v roce 1960 jako prvni chromozémalni aberace
spojcné s urCitym typem leukémie doplnéné o pozdé€jsi upfes-
néni, Ze se jedna o translokaci t(9;22), ktera da vzniknout fiz-
nimu genu bcr-abl, znamenalo vyznamny pfelom ve studiu
biologie nadort.

Skutenost, Ze pomoci interferonu-alpha (IFN-alpha) 1ze navo-
dit u CML cytogenetickou remisi byla déle ové&fena v pro-
spektivni studii [talské kooperativni skupiny pro CML, jejiZ
vysledky byly prib&zné& publikovany.” Také se ukazalo, Ze
pacienti v cytogenetické remisi po IFN-aplha maji del3i pfe-
Ziti v porovnani s chemoterapii. Studie Italské kooperativni
skupiny pro CML neméla design planovany pro urceni kine-
tiky a trvani cytogenetickych odpovédi, proto byla provedena
retrospektivni analyza dat. Také bylo pozorovéno, Ze schop-
nost cytogenetické odpovédi na terapii IFN bylo moZné pfed-
pové&dét na zdkladé Sokalova indexu,%” hematologické odpo-
védi a Ze vétdina cytogenetickych odpovédi nastala b&hem
prvniho roku. Pfi dosaZeni pouze minoritni cytogenetické
odpovédi (Ph neg, 33% aZ 65%), byla takova odpovéd nesta-
bilni a trvala kratce, zatimco median trvani kompletni a majo-
ritni odpovédi (Ph neg, 66% aZ 100%) byl asi 60 mésici.” Tato
data jsou v souhlase se pozorovanim z klinickych studii na
M.D. Anderson.%8

Pro detekci transkriptu fuzniho genu ber-abl, kiery se vysky-
tuje aZ u 95% CML lze vyuZit nested RT-PCR.° Prvni studie
ukazaly, Ze pozitivni PCR detekce aspoii ve dvou po sobé€ nésle-
dujicich vzorcich muZe pfedpovédét relaps % zatimco jedna
pozitivni PCR se miZe je3té konvertovat na negativitu b&¢hem
6-9 mésicl a pacient dale setrvd v CCR.70 PCR negativita
doprovazi silnou reakci 3t&€pu proti hostiteli (graft versus host
disease, GVHD) v prvnich 3-4 mé&sicich po allogenni trans-
plantaci. Na druhou stranu néktefi autofi pozorovali PCR pozi-
tivitu po téméf 10 let u nékterych nemocnych bez navratu onc-
mocnéni,!” coZ miZe byt vysvétlovano samotnym pfirozenym
pruob&hem onemocnéni, kdy chronicka faze CML muizZe trvat
roky. Tato fakta pfiméla v&dce ke zpfesnéni kvantitativnich
metodik pro sledovani MRD po transplantaci u nemocnych
s CML a vedla k vyvoji kompetitivni nested RT-PCR.”! Na
zdkladé studii sledujicich klinicky vyznam molekuldrniho
monitorovani navrhla EICML Group (European Investigators
on CML) doporugeni pro pouZiti PCR vySetfeni u CML. Vze-
stup MRD o 1 log pfedstavuje PCR relaps a klinicky relaps se
muiZe objevit béhem 1-2 mé&sich, proto se doporucuje zkratit



nasledujici intervaly PCR vy3etfeni.? Podle sdéleni nékterych
autorl je PCR relaps udalosti relativng dobfe zvladnutelnou
pomoci infuze darcovskych lymfocytii. Studie pouZivajici
genetického znaleni ukdzaly, Ze by se na relapsech po auto-
lognich transplantacich krvetvornych bungk mohla podilet pra-
vé& MRD v reinfundovanych §t&€pech PBPC, proto se zhruba do
konce 90.let u CML doporu€ovalo hledat darce a provést trans-
plantaci allogenni (AlloSCT).7 V sou¢asné dobé se predpo-
klada, Ze do 1é¢ebnych protokol zasdhne i novy 16k STI 571,
nebot se ofekdvaji slibné vysledky studii u pacienti s CML.

MM (Mnohoéetny myelom)

Klonélni restrukturace genu pro téZky imunoglobulinovy feté-
zec (IgH, 4j. CDRIII, complementarity detemining region) byva
pouZivina jako nidorovy marker u nemocnych MM k detekci
residualnich myelomovych bun&k zejména pak po ASCT.73-76
V sou¢asné dobé se standardni soutasti 16¢by pokrocilych sté-
dii MM stala vysokodavkovana chemoradioterapie s nasled-
nou ASCT?779a v ramci klinickych studii pak AlloSCT.30-8!
Ve vétSiné dosud publikovanych souborech pacientt navodila
AlloSCT kompletni remisi u 30-50% ptipadi,’® ta viak nezna-
menala vylégeni.”7-80 Vyznamnou dlohu sehravé pfitomnost
tzv. graft-versus-myeloma efektu,82 coZ ptispiva k prodlouze-
ni obdobi bez relapsu (RFS, relapse-free survival) v porovna-
ni s autotransplantacemi.®? Nizka pravdépodobnost relapsu
s sebou viak nese vysoké riziko peritransplantani mortality
(40-50%).8! 1 pres existenci praci zabyvajicich se aplikaci
AlloSCT a jejim vlivu na MRD, neni zatim tiloha MCR jedno-
duse hodnotitelna.” 76 Molekulérni remise jsou prakticky vyji-
me&né po autolognich transplantacich,’ a proto je v soudas-
nosti velmi obtiZné stanovit vyznam MCR unemocnychs MM.

NHL (Nehodgkinské Iymfomy)

U NHL je molekuldrni monitorovani subklinické choroby rov-
néZ mozné diky pfitomnosti specifickych interchromozémal-
nich translokaci, na nichZ se podili nékteré onkogeny. K nej-
prostudovanéjsim patti bcl-2 onkogen vstupujici do t(14;18)
u folikuldrnich (follicular lymphoma, FL) a n&kterych difus-
nich velkobun&&nych lymfomi (diffuse large cell lymphoma,
DLCL), dale onkogen bcl-1 podilejici se na t(11;14) u lymfo-
mi z pla§tové zény (mantle cell lymphoma, MCL). Nadto se
uvadi, Ze u zhruba 90% malignit z B-lymfocytl Ize pomoci
PCR detekovat klonalni rearanZma genu pro t&Zky imunoglo-
bulinovy fetézec (IgH).3* U lymfoma z T bun&k se pouZivé
PCR detekce klondlniho rearanzma genu pro TCR .30

Po konven¢ni terapii je MRD detekovatelna prakticky u viech
nemocnych s NHL.35-86 Nicméné pti pouziti intenzivniho stan-
dardniho chemoterapeutického reZimu CHOD-Bleo/ESHAP/
/NOPP u pacientil s nizkomalignim lymfomem doslo u 68%
pacientl s PCR pozitivni na bcl-2 ke konverzi na PCR nega-
tivitu ve (13/19).3/ Cabanillas pozdé&ji prezentoval nové;3i data
z dlouhodobého sledovani této skupiny nemocnych, kde bylo
dosaZeno u 88% CCR a 72% MCR. Pravdépodobnost 5- leté-
ho pfeZiti bez ptiznakil onemocnéni (disease free survival,
DFS) byla 73% pro PCR- a 28% pro PCR+ skupinu pacientd,
av8ak Zadnd z kfivek pfeZiti nedosédhla plateau.88 PouZiti che-
moterapeutického rezimu FMD (Fludarabin, Mitoxantron,
Dexamethasone) pfineslo 68% odpovédi na molekulérni tirov-
ni (17/25), pti¢emz PCR- bylo dosaZeno ve 32% (8/25).%9
Vysokodédvkovanou terapii s naslednou ASCT lze navodit PCR
negativitu u zna¢ného procenta nemocnych s nizkomalignimi
NHL, v rozpéti 42-70%.3446.9092.93 Gribben se svymi kolegy
jako jeden z prvnich publikoval vliv MRD po vysokoddvko-
vané terapii s naslednym podanim imunologicky ¢i§t&€ného §té-
pu na progndzu pacientidl s NHL nizkého a stfedniho stupné
malignity (viz Tabulka 6).92 V neddvném novém hodnoceni
dat této studie byl ve 12 letech OS 69% a DFS 42%.%! Ve sku-
piné PCR negativnich pacientii po ASCT byl DFS 85% ve 12
letech pozorovani, zatimco ve skupin& PCR pozitivnich paci-
entll jen 20%. Tato data spolu s dal§imi pozorovanimi jinych

Tabulka 6: Analyza MRD u pacienti s nizkvm (LG) a stiednim stup-
ném (IG) NHL. lé¢enych pomoci ASCT. (kont. PCR- pacienti s konti-
nudlni PCR negativitou, kont. PCR+ pacienti s kontinudlni PCR pozitivi-
tou, PCR+ g PCR- pacienti, ukterych do3lo ke konverzi na PCR negativitu.
PCR-g PCR+ pacienti. u kterych byla op&t detekovina PCR pozitivita,
PCR+/PCR- pacienti, u kterych byla sitf{dav& zachycena PCR negativita
&i pozitivita)

Po Kont. kont. PCR+ *» | PCR- ~ PCR+/
ASCT PCR PCR+ PCR PCR+ PCR-
Pacienti | 43% (58) | 26% (35) | 14% (19) [ 10% (14) 6% (8)
Relapsu 0% TI% (25) | 0% (19) | 7% (6) 25% ()

Tabulka 7: Navozenf MCR u nemocnych s NHL. pomoci monoklo-
ndlni protilitky anti-CD20 s nebo bez chemoterapie.

(LG- low grade; IG- intermediate grade; HG- high grade; FL- folikuldrni
lymfom; MCL- mantle cell lymphoma (lymfom z bunék plastové zény);
R- rituximab (anti-CD20); CHOP- Cyklofosfamid, Vinkristin, Adriamy-
cin, Prednison; Mit- Mitoxantron; Cy- Cyklofosfamid; DFS- disease free
survival.)

Autor NHL Terapie | MCR Poet | posnamka
relapsi
Czuczman®® LG | R-CHOP| 88% na
(/%)
Solal-Celigni®’ FL R 571% | 6% | zal rok
(17/30)| AN
Emmanouilides®™ | LG | Mit+ Cy+{ 71% na
R (57
Vose” IG +HG | R-CHOP | 85% na | ptedpoklad
(11/13) >DFS a OS
Foran!® MCL. | R-CHOP| 48% | na |median DFS
(11/23) 16 mes.

autorti ukazuji, Ze eradikace molekuldrniho markeru z orga-
nismu pacienta sniZuje riziko relapst po ASCT anemocni, kte-
fi jsou PCR- maji prodlouzeny DFS.34 469193 pCR detekce
bcl-2 je uznavana jako potencidlni marker dlouhodobého sle-
dovani u transplantovanych nemocnych s FL. Pracovni sku-
pinaz MD Anderson povaZuje PCR monitoring v periferni krvi
spolu s hodnotami beta-2-mikroglobulinu za vyznamny pro-
gnosticky faktor u pacientll s FL po 1é¢bg&. Hladina t(14;18)
pozitivnich bungk v PB pfed zahdjenim standardni terapie
ncma vliv na jeji vysledck.3®

V posledni dobé& 1ze MCR u CD20 pozitivnich NHL lze navo-
dit i pomoci nové terapeutické modality, kterou je monoklo-
nalni protildtka anti-CD20 (rituximab).86.94.95 Pouziti anti-
CD20 protilatky spolu s chemoterapii nebo i jen v monoterapii
vedlo k dosaZeni MCR u pacienti s NHL ve vysokém procen-
tu uindolentnich i agresivnich lymfomu, s ¢imZ je spojena lep-
$i prognéza onemocnéni (viz Tabulka 7).961% Podavani anti-
CD20 protilatky vede k vysokému procentu PCR negativit
v BM.2094.95 Tohoto faktu Ize vyuZit pti mobilizaci perifernich
progenitorovych bunék v rimci tzv. in vivo purgingu. %! Diile-
Zity je jist& i fakt, Ze anti-CD20 protilatka navodi PCR negati-
vitu v BM bez ovlivnéni doby pfihojeni §t&pu pfi nasledné
ASCT.192Kromé prvnich zprév zvetejnil také prvni slibnd data
Magni ve studii porovnévajici in vivo purging s pouZitim che-
moterapie s anti-CD20 protilatkou a chemoterapie samotné.
Chemoimunoterapie byla usp&3nd v 93% CD20+ MCL a FL.
Chemoterapii samotnou bylo moZno ziskat 40% PCR negativ-
nich PBPC produktii (p< 0.007) 43 vy¥e zminéna préice nava-
zala na pfede$ly vyzkum Corradiniho, ktery pouZitim samotné
tzv. vysokoddvkované sekvenéni chemoterapie (HDS) pro Ci3-
téni in vivo dosdhl PCR negativnich sbérti PBPC u 12% (1/9)
pacientti s MCL a 42% (8/19) nemocnych se FL.46

Neddvno byly prezentovény vysledky na3eho pracovisté, kte-
ré se tykaly srovndni pacientii v PCR negativnich a PCR pozi-
tivnich pacientt po 16¢bé pomoci ASCT nebo anti-CD20 pro-
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tildtkou pro B- bun&né lymfoproliferativni onemocnéni (B-
LPD). Nemocni v MCR méli statisticky vyznamné lepsi pro-
gnozu.'93-104 U skupin nemocnych PCR negativnich versus
pozitivnich po 1€¢b& nemusi byt pfi porovnani zakladnich kli-
nickych charakteristik nalezeny statisticky signifikantni roz-
dily.193-104 Zd3 se tedy, e pravdépodobnost konverze na PCR
negativitu ¢i pfipadné vylé¢eni muZe byt dana biologickymi
charakteristikami onemocnéni. Tento pohled je v sou&asné
dobé také je3t& podporovan i novymi studiemi, které srovna-
vaji profil exprese gen pomoci tzv. microarrays a tento pro-
fil je nezavislym prognostickym faktorem. !05.106

Zavér

Piedpokladem vyléZeni nemocného je nejenom dosaZeni kom-
pletni remise, ale i eradikace zbytkové nemoci. V poslednich
letech se nakumulovaly doklady, Ze nemocni, kteti dosahnou
eradikace tumoru na urovni PCR, maji lep$i prognézu ne?
pacienti s PCR positivitou. PCR status nemocnych s NHL po
ASCT je v souCasnosti vnimin jako statisticky vyznamny pro-
gnosticky faktor. Podobnou viahu ma i stanoveni MRD po
induk&ni 1€CbE u akutnich leukémii, u CML pfi terapii inter-
feronem ¢i AlloSCT. Na druhou stranu existuji prace, které
ukazujici pfitomnost n&€kterych markerd napf. t(14;18),
t (9;22) u jedinch bez onkologického onemocnéni nebo
u nemocnych v dlouhodobé kompletni remisi. Pro tyto situa-

ce existuji zatim vé&tSinou viceméné jen teoretickd vysvétle-
ni. Diky modernim metoddm kvantifikace je viak moZno
mapovat dynamiku MRD a tim vyznamné pfisp&t k vyhleda-
vini rizikovych pacientd, u kterych bude vhodné nasadit 16¢-
buibez klinickych projevi nemoci a naopak bude moZno uréit
pacienty, u kterych lze 1é¢bu ukongit. Jakykoliv marker onko-
logického onecmocnéni je nutno brét jako surogatni prognos-
ticky faktor, ktery znamena p¥itomnost uritého buné&ného
klonu, aviak nevypovida nic o jeho biologickém chovani, pro-
to musi byt hodnocen ve vztahu k urité konkrétni situaci (stav
pfed 1€é¢bou, po 1é¢bé, remise apod.). Molekulirng biologic-
ké sledovani MRD je tieba chapat jako velmi uZite¢ny dopl-
né€k b&Znych prognostickych faktor a indext zejména v situ-
aci, kdy tyto ztraci svou rozli§ovaci schopnost (napf. pfi
dosaZeni klinické kompletni remise).

Pomérné naléhavi je nutnost vytvofeni standardizovanych pro-
tokold pro jednotlivé metody a patologické jednotky, coZ nebu-
de jednoduché. nebot v oboru molekularni biologie dochazi
k velmi rychlému vyvoji. Nicméné cesta ke zm&nam léceb-
nych postupt povede nejspide pies standardizaci molekuldrné
biologickych metod monitorovini MRD.

Pro uréeni prognézy pacienta bude dileZité nejen kde,
v jakém mnoZstvi a v jaké fazi onemocnéni miZeme deteko-
vat nadorové buiiky, ale duleZité bude i poznat jejich biolo-
gicky potencial.
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KLINICKA RELEVANCE SEMIKVANTITATIVNIHO
MONITOROVANI LYMFOMU UZITIM KOMPARATIVNI
POLYMERAZOVE RETEZOVE REAKCE

Slavickova A., Ivdnek R., Cerny J., Sdlkovd J., Trnény M.
1. intern{ klinika {. LF UK a VEN, Praha

ABSTRAKT

Vychodisko. Z vysoce citlivych molekuldrné biologickych metodik vyuZivanych pti monitorovani lé¢by hema-
10-onkologickych pacientd mohou byt proio pro klinickd vyu2itf ptinosnéj3i a jsou 28danéjsi metodiky kvantifikujicf
umo2aujict predikel i odhad odpovédi na 1€2bu. Mnohdy. spiSe nez absoluini kvantifikace, mize byt informativni
i relativni vysledek metodik vyuZivajfcich stanoveni kone¢ného mnoisivi amplifikaZnich produkid, napt. kompara-
uvni polymerdzové fetezové reakce (PCR).

Metody a vysledky. Nase provedenf komparativni PCR vyutivd optimalizované duplexni koamplifikace speci-
fické sekvence, kterou je bud klondIni restrukturace genu pro t¢2ky imunoglobulinovy fetgzec CDR3 nebo sekvence
liseku interchromozomdini transtokace t(14;18) - bcl2/Jh a vnitentho standardu, dseku genu Hras | (ras). Tyto
koamplifikace jsou provédény s dlouhodobé uchovavanymi vzorky DNA z kostaich dreni a perifem{ krve paralcing
v jediném béhu PCR a poté jsou gelovou denzitometrif kvantifikovdny poméry produktd této duplexnf reakce v jejf
exponencidlni f4zi. Metodika byla vyutita v pribéhu nékolika mésicl aZ nékolika let pfi monitorovéni nemocnych
nchodgkinskym malignfm lymfomem (NHL) léEcnych konveninf terapif, vysokoddvkovou terapii s ndslednou
transplantacf kmenovymi buikami nebo terapif monoklondlni protildtkou anti CD20 (Rituximab). Pti 50 kvantita-
tivnich molekuldrnich analyzach, které byly doplnény klinickymi ydaji a dodateéné, byl zjistén souhlas s konsta-
tovdnimi klinickymi ve véech pipadech klesajictho nebo stoupajicfho mnoZstvf wmarkeri. u nékterych pacientd,
u nichZ bylo dosazeno PCR negativity, dolo pozdéji opét k PCR pozitivité. Vysledky zjist&né v kosin{ dieni se
shodovaly s vysledky 2 perifernf krve. Vysledky dosazené pomoci komparativni PCR se shodovaly s vysledky
zjifténymi uZitim PCR v redIném tase.

Z4véry. Komparativni PCR je vyulitelns pti monitorovéni i¢innosti 1éZby. Moznost prediktivnich z4vérd na
zékladé t&chto vysledkd zdvisi na frekvenci odbérd vzorkd a na stupni citlivosti detekce, kiery by mél byt nezbytné
stanoven u negativnich ptipadd.

Klitov4 slova: komparativaf PCR, molekuldrn{ monitorovéni, nehodgkinsky malignf lymfom.

ABSTRACT

Sluvickovd A., Ivdnek R.. Cerny J.: Clinical Relevance of Semi-Quantitative Monitoring by Compararive PCR in
Lymphomas

Background. PCR techniques detecting interchromosomal translocation and clonal immunogiobulin gene rear-
rangement (IgH) as disease markers in son-Hodgkin's lymphomas (NHL) has becn utilised past ten years. However,
qualitative PCR detection of persisted minimal residual disease cannot provide clinically useful prognostic infor-
mation ang presently, guantitative approaches are required to predict patient outcome and assess response to the
treatment. In some cases, ,end-point" quantifying techniques, such as comparative PCR, are applicable and the
relative estimation of differences in target quantity may serve in disecase monitoring rather than absolute number of
target copies.

Methods and Results. Our method of comparative PCR employs co-amplification of scquences of interest (clonal
CDR3, bel2/3h) and the segment of Hras | gene(ras) as an internal standard. Serial dilutions of stored diagnostic
DNAs from blood and bone marrow are examined in the same PCR and, after gel densitometry, the amount of initial
target is assessed by comparing exponential products of co-amplification. The comparative PCR assay was utilized
in monitoring of NHL patients cured ejther with conventional therapy, or with high-dose regimens and transplantation
with stem cells. or with chimaeric anti-CD20 monoclonal antibody (Rituximab). Results from 50 monitored intervals
obtained during several months up to several years were supplemented with clinical statements retrospectively. Somne
of patients became PCR-negative, reappearance of PCR-positivity was observed as well. The decrease or increase
of disease marker corresponded to clinical observations. Results obtained from bone marrow were in agreement with
those obtained from blood.

Conclusions. End-point quantifying PCR comparative assay may provide an information on the increased risk of
relapse and impact of the therapy. The predictive value of these methods depends on the frequency of sample taking
and on the sensitivity of the method, which should be monitored in negative cases.

Key words: comparative PCR, molecular monitoring, non-Hodgkin's Lymphoma.

St.
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laboratotich sledujfcfch hematologické malignity je po  choroby nemohou poskytnout informace prognostické a pro
lymerdzov4 fetézovi reakce (PCR) pro svou citlivost uzf-  tento pffpad je pak vyznamnéj3f znalost hladiny minimalnf{
vdna k detekcfm minimdlni rezidudlni choroby uZ po desetileti.  rezidudlnfi choroby, tedy vysledek kvantitativnf PCR. Jed-
Nicménég, pouhé kvalitativni detekce pretrvdvajici rezidudlnf nou z moZnostf kvantifikace PCR (3) je relativné jednoducha

Ptedneseno na S. celostétnf konferenci DNA diagnostiky s mezindrodnf d&asti konané 14.-15. prosince 2001 v Lékatském domé v Praze.
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a dobre dostupnd komparativni PCR, pti které porovndnim
mroZstvi produktd amplifikace specifickych markerd malig-
nich bunék a srovndvaciho markeru viech bunék lze dojt k z4-
vérdm o podilu specifickych markerd v celkové DNA
sledovaného diagnostického vzorku. Vysledkem porovnani
dvou & vice vzorkd pfi stejnych reakénich podmfnkdch pak
mdze byt informace o poklesu &i narastu malignich bundk.

Z DNA abnormalit, které jsou vyuZitelné pti molekuldrnim
moritorovani nchodgkinskych lymfomi (NHL), jsou nejéas-
&ji sledovdny klondlni pfestavba genu pro t&3ky fetdzec
imunoglobulinu (IgH) a interchromozomdln{ translokace
1(14;18) a t(11;14) sc specifickymi propojenfmi segmentu Jh
genu IgH se segmenty onkogend Bcl2, resp. Bell, k jejichz
detekcim i kvantifikacim midze byt vyuZita DNA PCR (I, 2).
Pokud je tato vyuZivdna k retativni kvantifikaci, zejména pfi
provddéni v Jedné zkumavce a mnoistvi PCR produktd m4 byt
mirou mnoZstvi vychozi sekvence (specifického templdtu), je
k dosaZeni srovnatelnych kvantitativnich vysledk nezbytné,
aby tato duplexni PCR byla dobfe optimalizovéna. Pti sledo-
véni a kvantifikaci translokace t(14;18) (8) a klon4ln{ ptestav-
by IgH — oblasti CDR3 (4) byla zji$t€na moZnosti optimalizace
koamplifikace se segmentem 2. exonu protoonkogenu Harvey
Ras a dobry souhlas kvantitativnich stanoven( se zjisténimi
klinickymi (11, 12).

SOUBOR NEMOCNYCH
A POUZITE METODY

K monitorovén( byl u2fvdn diagnosticky materidl nemocnych nehod-
gkinskym malignim lymfomem (klasifikace REAL-WHO) {€€enych bud
konvenénf terapif, nebo terapif vysokoddvkovou s ndsiednou autologn(
transplantac( perifernfmi progenitorovymi busikami. nebo chimérickou mo-
noklondln( protildtkou anti-CD20 (rituximab). Vzorky diagnostickych DNA
byly pfipravovdny z perifernf krve (PK) a kostnf dfené (KD) standardn{
Lvysolovacs technikou (9) a skladovany pti 4 “C. Komparativni duplexnf
IgH/ras PCR byla provddéna, jak bylo ji2 dffve popsano (13), pti
t(14;18)/ras byl provédén obdobng 45cyklovy program PCR. Diagnostické
vzorky DNA z rliznych obdobf 1é2by pacienta byly porovndvdny v jedné
PCR, mnoZstv( produktl reakce v jejl exponencléln( f4zi byla pak kvantifi-
kovédna softwarovou analyzou (GelPro Analyzer, Media Cybernetics)
digitalizovanych zdznamd elektroforetickych geld. Takto ziskané relativu
vysledky popisujfci vzestup nebo pokles markeru malignich bunék v porov-
ndvanych vzorcfch byly porovndvény s daldfmi laboratornimi (FACS -
pritokovd cytometrie) a klinickymi 3etten(mi retrospektivné. Kontroln(
kvantifikace t(14;18) uZitim metody PCR v redlnfm ¢gase (5, 10) byla
provedena na pifstroji LightCycler, detek&n{ soupravou a dle névodu firmy
Roche Molecular Bjochemicals.

VYSLEDKY

1. Optimalizace duplexnich PCR (obr. 1 a 2) se vzorky s od-
li¥nym pocédtednim mnoZstv{ sekvenci, které maji byt am-
plifikovdny, se dati pfi neekvimoldmich pomérech nukleo-
tidovych oZek (primerd), napf. 1:1 pro specificky marker
a 0,5:0,5 pro marker referenéni. Vzhledem ke skuteénosti,
Ze z principielnfch divodd mohou byt analyzovédny pouze
vysledky 2z exponencidln{ oblasti PCR a pro srovndnf
mnozstvi specifického templdtu ve dvou vzorcich mohou
byt uzity pouze hodnoty pti stejnych amplifikacich refe-
renénfho markeru, je Z2ddouc{ provddét amplifikace kaZzdé-
ho vzorku DNA v nékolika fed&nich (obr. 3 a 4).

2. Pokud byla moZnost v pribéhu 1éEby sledovat vyvoj hladi-
ny markeru malignich bungk v kostn{ dfeni i perifern{ krvi,
byl pozorovan shodny trend (obr. 5).

3. Pti dlouhodobém sledovén( translokace t(14;18) a klondini
restrukturace CDR3 u pacienta s folikuldérnim lymfomem

(736)

Obr. 1. IgH/ras PCR: koamplifikace markeru klondlni prestavby
CDR3 a segmentu ras

Detckece PCR produktd 10% polyakrylamidovou elektroforézou
(CDR3 cca 100 p4rt bazi, ras 73 p.b )

Drdha 1: marker velikost(: shora 174, 102 a 80 p.b., drghy 2-7:
obdobné vysledky zjisténé ve dvou vzorcich (kaZdy ve ttech fedé-
nich) DNA perifem{ krve odebrané v krétkém easovém useku pH
diagnéze pacienta nemocného MCL, drahy 8-10: ve vzorku PK
odebraném po tiech (ze Etyf) ddvkdch Mabthery (dtuximab, chimé-
rickd monoklondln( protiitka anti CD20) v kombinaci s chemotera-
pif byl zjisizn podstatny pokles COR3

Obr. 2. Mbr/ras PCR: koamplifikace translokace t(14;18) a seg-
mentu ras

Detekce PCR produknd (mbr cca 220 p.b., ras. 73 p.b.) 2% agaré-
zovou elektroforézou (vpravo) a ovéfeu( specifického produktu
hybridizacf (vlevo). Zprava: vysledky rcakce provedené ve Ctyfech
fed&nich DNA z kostni dfené pacientky s DLCL v relapsu a2 0 6
mésicd pozd2ji po chemoterapli a vysokoddvkové terapii s nésled-
nou transplantac{ kmenovymi buiikami. Specifita a negativita spe-
cifické amplifikace v pi{padé druhého vzorku byla ovétena hybri-
dizaci se sekvenc( z oblasti B¢cl2 oznadenou digoxigeninem. Mole-
kuldmi remise byla pozorovana pti klinické kompletani remisi.

10 20 30 40
ras (OD max)

—— 08 mésicl pozddji ==~ vstupni vzorek

Obr. 3. Zpiisob kvantitativn( analyzy produktd komparativni
PCR

PCR je provad&na s nékolika koncentracemi DNA pfi shodnych
reakenich podminkich. Denzitometrif digitalizovaného 24znamu
gelu (méfeno intenzitou prouzku na gelu, napé. ODinax). to jest uZitfm
videodokumenta&ntho systému a softwarovou analyzou (GelPro .
Media Cybemetics), jsou pro riizné hodnoty amplifikace vnitintho
standardu ras stanoveny pomé&ry produktd specifickych (zde CDR3)
akomparaénich (ras). VyuZity mohou byt pouze hodnoty zcxponen-
cidlnf faize PCR. U tohoto pHpadu B-CLL kvantitativaf analyza PCR
odhalila ndrist markeru malignich bunék v pozd&jSfm dia-
gnostickém vzorku.
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Obr. 4. Sruvndvacf analyza vice diagnostickych vzorki
Pokud neni vysledek grafického vynosu v experimentu zjist€nych
hodnot (viz. obr. 3) pro ptilidné rozdily v amplifikaénich produktech
zcela ztejmy, mohou byt pki 2volenych hodnotich ras pro kady
vzorek hodnoty kvantifikujfcich pomérd extrapolovdny. Vy$3i hod-
noty jsou povaZovany za zndmku proliferiice muligniho klonu. Zde
zjidtény nirdst molekulirniho markeru v pribéhu osmi mésfct v kostni
dieni pacienta s B-CLL byl v souhlase se stanovenim malignich
bunék dle FACS, pilt roku poté doslo u k relapsu onemocnénf.

= = kosIn{ dfen
rll radioterapie
~—-~ perifemni krev
| anti-cD20

4 8 8 10 i2 14
doba sledové&ni (ma&sice)

Obr. 5. Molekuldrni monitorovéni u¢inku lééby v kostai dienl
a periferni krvi

U pacienta nemocného MCL, ktery 16bou Mabtherou (monoklondini
protildtka anti CD20, rituximab) dosdhl klinické kompletnf remise.
byl monitorovdn souasny rychly ndstup molekuldrni remise v kostni
dieni i v periferni krvi. Molekuldmi remise po této 1€28bé a béhem
ndsledné udrZovacf( terapie interferonem alfa byla konstatovina pii
funkenf citlivosti metody piblizné 3x10” bunék tinic RAIl nesoucl
klondIni preskupeni CDR3 v 10* i vice ,normélnich* bunék. PCR
negantivita byla potvrzena jednoduchou kvalitativaf IgH PCR s citli-
vost{ témét o tdd vyssi.

byl v prib&hu choroby a 1é¢by monitoroviin stejny trend
zmén hladin obou markerd (obr. 6).

4. Vysledky kvantifikace t(14;18) stanovené zde popsanou
komparativnf metodikou se shodovaly s vysledky zjistény-
mi uzitim PCR v redlném Gase (ob. 6).

5. Kvantitativnf molekuldrné biologické sledovédni vyvoje hla-
diny markerd malignich bun&k jsou v souhlase s pozorové-
nimi klinickymi (tab. 1).

1.2002, .23
0.35
2203 M - readias M
«a.. mbriras
go 025 —— mbr/IPA
-‘_s-; ° g-';‘g | anti-CD 20
0,10
0.05
g2 000
5 10 15 20 25 30
doba sledovani {(mésice)

QObr. 6. Porovnan{ komparativni PCR a PCR v redlném ¢ase
Shodnost vysledkd zjidiznych obdma metodami je velmi dobrd. PCR
v redlném Case pti uliti ptistroje LightCycler a renkeni soupravy
firmy Roche mdZe vykazovat vy3sf cltlivost, jak je na grafu zachy-
ceno v pHipad# vzorku z | Itého mésfce sledovdni, deklarovand ana-
lytickd senzitivita je 20 kopif f[ragmentu mbr translokalace t(14:18).
zatimco analyticka senzitivita komparativai mbr/ras PCR se pohy-
buje zhruba kolem 60 kopif genomické DNA linie WL2 nesouci tuto
translokacl. U pacientky s follkuldrnfm lymfomem nastal vyrazny
pokles obou markerd po Ctytech ddvkdch Mabthery (rituximab),
pacientka viak dosahla pouze klinické parcidinf remisc. Pti negati-
vitt v komparativni PCR byla zjiSt¢na slabd pozitivita 1(14;18) ve
vzorku z | [tého mésice touté2 PCR s ndslednou hybridizaci se
sekvencf z oblasti Bel2 oznaZenou digoxigeninem. Pii ndsledujicl
progresi onemocnén( nemély teraspeutické snahy tak vyrazny ddinek,
molekuldrnf kvantifikace markerd malignity jsou v souhlase s louto
skutednosti.

DISKUZE A ZAVERY

U mnoha translokac( charakteristickych pro NHL dochdzi ke
chromozomovym zlomdm nepravidelné, nebo je znalnd hete-
rogenita chromozomovych partnerd translokovanych k nékte-
rému z onkogent a jejich molekuldrn{ monitorovini nen{ proto
vyuiivdno v takové mife jako v ptipadé leukémii (6, 7). PCR
analyzy rezidudlniho onemocnéni jsou zatim omezeny na FL
a DLCL nesouci translokaci Bcl2 nebo MCL nesoucf Bell ana
detekce klondlni pfestavby genu pro t&2ky imunoglobulinovy
fetézec, coz je ddno relativni stdlosti oblasti zlom\ a moZnosti
vyuZit{ univerzdlnf primer Jh a tyto detekce mohou byt i kvan-
tifikovény (1, 8).

Komparativni PCR patti ke snadnéji dostupnym kvantifiku-
jfcfm metoddm. K dosaZeni stovnatelnych kvantitativnfch vy-
sledkd je jeji optimalizace nezbytnd z nékolika ddvodd: Pii
vyhledavani minoritni klonélnf populace jsou v PCR uZivdny
vysoké koncentrace celkové DNA a univerzdlnf primery, tedy
stanoveni vhodného pottu cykld by mélo byt prvnim optimali-
zaZnim krokem pro kaZdy vzorek. Pfi duplexni PCR je rovnéZ
nutnd optimalizace mnoZstvi polymerdzy a vzdjemného pomé-
ru primerf, ktery nemusi byt v2dy ekvimol4rn{. Koamplifikace
useku 2. exonu protoonkogenu Harvey Ras a IgH, resp.
t(14;18) PCR se zd4 byt pfi téchto optimalizacich vyhodnd.

Tab. 1. Relevance monitorovdni NHL uZitim komparativnf PCR a Klinickych ndlezd

Klinicky stav vysledky molekuldrni kvantifikace

vzestup markeru pokles markeru marker beze zmén mol. remise (PCR negat.)

kompletni remise 5 2 10
régrese onemocneéni 9

stabilita onemocnéni 2 3 8

progrese 6

relaps 5

Pri porovnénl 50 monitorovanych interval®t v rozmezi 1 az 18 mésic( bylo mezi 17 ptipady klinické kompletni remise odhaleno 7 ptipadt minimaln(
rezidudinl choroby; mezi 13 ptipady klinicky stabilniho onemocnéni byl zji5tén tkikrat pokles a dvakrat vzestup, ¢emuz odpovidal dalsi vyvoj
onemocnéni; 6 klinickych progresi a § relapsd bylo asociovano se vzestupem molekulamlho markeru a v8ech 9 klinicky konstatovanych regres!
8 molekularnim poklesem.

(737)
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Vedle komparativnich analyz umoznuje pou?itd fada koncen-
traci diagnostické DNA pfi amplifikacfch se shodnou G¢innos-
ti také stanoveni limitnich koncentraci pro specifickou ampli-
fikaci, a tedy i dal3i moznost semikvantitativniho odhadu mar-
kerd malignich bunék v porovndvanych vzorcich za pfedpo-
kladu. 2e vy¥&i kritickd koncentrace znamend niZ3{ podil spe-
cifického templatu. Nicméng, i pfi optimalizaci byvd citlivost
specifické detekee vysledku duplexnich amplifikaci snizena
a je proto nezbytné ptipadnou negativitu ovéfit jednoduchou
specifickou PCR, jejiZ citlivost je ovéfena napf. amplifikacf fady
koncentraci DNA buné&&né linie nesouci sledovany marker.

Prezentovand prace ovéfuje vyuzitelnost komparativni PCR
pii kontrole d¢innosti 1é¢by i monitorovdni hladiny rezidudin{-
ho onemocnéni NHL a ¢dstedn& i moZnost uplatnéni pii tera-
peutickych rozhodovdnich. Prediktivni vyznamnost téchto vy-
sledkd z4visi na frekvenci odbért vzorku a na stupni citlivosti
detekce, ktery by mél byt nezbytné stanoven u negativnich
pefpadd.

Zkratky

CDR - complementarity determining region
(oblast genu pro 1&2ky imunoglobulinovy ietézec)

CLL chronick4 lymfatlckd leukémic

DLCL dlfuzn( velkobuné&ény lymfom

FACS - pfistroj pro pritokovou cylometrii

FL folikuldrnf lymfom

KD kostn(l died

mbr major breakping region (oblast zlomd na genu
pro protein Bel2)

MCL - lymfom 2 pldlové zény

PK perifern( krev

p.b. - pdry bdzf

PCR - polymerizovs fetézova reakce

Pa tissue plasminogen activator (segment z oblast] tohoto

genu pro je srovnévacim markerem pii PCR v redlném tase)
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Jaké mohou byt pritiny détské
erytrodermie?

Novorozenecké erytrodermic jsou pomé&rna
vzécné pHhody, jejichZ presny divod lze jen sté2(
stanovit. Nejéastéji je choroba zafazovdna do ka-
tegorie defekinl imuniini odpovédi. V dal¥(m vy-
voji nésleduje obraz hrubé poruchy rohovén( -
ichty6za, psoridza nebo atopicky ekzém nebo také
vzdcndj$f a komplikovanéjEl Nethertondv syn-
drom. Dobrych 10 % 208stdvé neidentifikovéno
docela. V histologickém obrazu jsou hrubé po-
3kozeny ko¥nl rohovéjics buiiky — keratinocyty

a kolem kapildr ve $kdfe jsou bohat& nakupend
bilé krvinky - lymfocyty.

Diletité je, t¢ imunitnf porucha oslabuje obra-
nu ditéte proti veskeré infekci, ta se mdZe zménit
i v sepsi, a proto nesmf byt nic zanedbdno v péii
o dit&€ b&hem celé doby trvdn( erytrodermie, vét-
$inou b&hem celého prvntho roku Zivota. Oviem
toto viechno d&tsky organizmus vylerpdvd nato-
lik, 2e je zpomalen rist a také ostatn( zrdnf orga-
nizmu je pokozeno energetickou ztrétou a ztré-
cenfm elektrolytd. Je proto vidy naprosto nezbyt-
né, aby se dit¢ s neonatdlni nebo infantilnf eryt-
rodermii dostalo do rukou skutednych odettujf-
cich expertd.

(738)

Prognéza takio postizenych détf je 3patnd
a (éméf 3/4 pifpadd se nedaifl zvlidnout, ptimd
dmrinost je az 15 % a dlouhodobé odoldvin( ves-
keré terapli s generalizovanym postizenim kd2e
Jeat3s %.
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