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(57) ABSTRACT

The invention relates to the field of minimal residual disease
(MRD) diagnostics, which is progressively more applied for
the evaluation of treatment effectiveness in patients with a
hematological malignancy, such as B-cell precursor acute
lymphoblastic leukemia (BCP-ALL), B-cell chronic lympho-
cytic leukemia (B-CLL), and multiple myeloma (MM). Pro-
vided are unique reagent compositions with carefully
selected and thoroughly tested combinations of antibodies,
for =8-color flow cytometric stainings as well as for 10-color
and 12-color flow cytometric stainings, which can reach sen-
sitivities of at least 107*, even down to 107>, Also provided are
diagnostic kits and methods for detecting MRD.



Patent Application Publication  Jun. 11, 2015 Sheet 1 of 6 US 2015/0160226 A1

ks

N

SRARPOA

-

b e iy
kx2d » s

w43 AL5EAD

Panel C
5
ga

s T ! T ¥
VST WOST. VOYRY  AROSTS. VR

V388

Panel B

PE Cy7-A

a
k%

(AR

ARE

3 T e 4 )
PROFE  COHFR SONEY DKL BB

¥I88

APS {4

Figure 1
Panel A
Panel D



Patent Application Publication  Jun. 11, 2015 Sheet 2 of 6 US 2015/0160226 A1

2%
el
x
« 43
-9
“
©“
i
3t
&
g
- :
o HE e
% k13 »2'4‘ 93‘ m
o V‘Sd\?"maa
v
Ud
B
L
= o
-
&
-3
© £
] - , *2 =
% 3% »as P '
~ ¥iH QWQQLV“QdV 3903
2%
s
w
on
Phed
*a.
&
@
o
~ g
[an) o=
- ;8
o 2
% 295 vax o A
o ¥ILELBAD
> <
o -
2] ;
™~ fd jid
> < E = <™
5 17 I5) s
&p % S 53t o %
e ~ 2



Patent Application Publication  Jun. 11, 2015 Sheet 3 of 6 US 2015/0160226 A1

TCDABRE CyT-A

Panel C

Panel B

e = P
COI3PE Qy A

Figure 3
Panel A



US 2015/0160226 Al

Jun. 11, 2015 Sheet 4 of 6

Patent Application Publication

(3N

-S40
AN

TRy

kS
W-IULH620D

O PuRg

S35,
2

R
by

n.

b SdY

R-3ee & k2 122 B
3 8 i
o Sebud. H

ac o) !
¥ o

s
SRy

wE-eln 442200

T
v

-
- %
¥

d [PuBd

- Vt vs
NP 4
»rw.lﬂ
N
>
{ [pued
W-SAETAS
L T -
iy
b
b
£
=
-
g
3
*
V [Pued
I oandry



Patent Application Publication  Jun. 11, 2015 Sheet S of 6 US 2015/0160226 A1

,/4

<
&)
e
]
=
o ]
o
a
: o
= 53% £3% 57
=)
o V-4d:$€1aD
«
&)
H
==
=
o ]
(o)
a
- e
= o008 QRUGE -]
=
& V-0SS
. «
//‘7 E
g L
= 3
o 2.
T < guennt BOneS A <
= 3
& £ V-0SS g
£ ol al



Patent Application Publication  Jun. 11, 2015 Sheet 6 of 6 US 2015/0160226 A1

<
]
=
(=
=
- 8
R O
jam] it i R S M S
—  BHABHE BOLDS g
=
o V-OSS
%%
‘r‘w
2
« . <
. o T
: 7 <
[
- T
» E
A O]
—~ B3 L3 A
)
¥ V-§'SADdDBILTAD
<
D
N
>y
@]
=
<
[
=W
%
~f
=
@]
0 r '
~ &% 3L %
o
£ V-ad:9saD .
. % ’3‘ :"“‘:, :5( ;}’:2;’; % 4: ‘
e ;’:ﬁ? { t;f&,ﬁﬂ.y‘“
& < R
™ L .o
= ;
- 2 8
k1 = 9-1
% 2 2
. s 8 o
“ | &
— b~ i3
© < osm ogaL ¢ o 2.
5T E o«
5 g V-LHDdV:18dD =
&2 o o




US 2015/0160226 Al

METHOD, REAGENTS, AND KITS FOR
DETECTING MINIMAL RESIDUAL DISEASE

[0001] Theinvention relates to the field of cancer diagnosis,
more specifically to means and method for the monitoring of
disease development during and after treatment or for the
detection of minimal disseminated disease. Cytostatic or
cytotoxic treatment induces remission in the majority of
patients with lymphoid malignancies. Nevertheless many of
these patients relapse. Apparently the current cytostatic or
cytotoxic treatment protocols are not capable of killing all
malignant cells in these relapsing patients, although they
reached so-called complete remission according to cytomor-
phological criteria. Since the detection limit of cytomorpho-
logical techniques is not lower than 1-5% malignant cells, itis
obvious that such techniques can only provide superficial
information about the effectiveness of treatment, up to 10*°
tumor cells still potentially remaining in the body

[0002] Techniques with a higher sensitivity to detect “mini-
mal residual disease” or minimal disease (MRD) are needed
to obtain better insight in the reduction of tumor mass during
induction treatment and further eradication of the malignant
cells during maintenance treatment from one or more than
onetissue. The application of flow cytometry for detection of
MRD is traditionally based on discrimination between malig-
nant cells and normal leukocytes via malignancy-associated
phenotypic characteristics, such as aberrant expression, over-
expression, and cross-lineage expression of antigens.

[0003] Current 4-color and 6-color flow cytometry reaches
a fair sensitivity of 107> (to 10™*) in most patients with a
hematological malignancy. However, it should be noted that
the detection of low frequencies of malignant cells in blood,
bone marrow and other body fluids such as cerebrospinal fluid
during and after therapy and after hematopoietic stem cell
transplantation can be hampered by high frequencies of nor-
mal regenerating cells. The extent and the pattern of regen-
eration differs per treatment protocol, per phase of treatment,
per time of sampling, and seems to be dependent on the
intensity of the preceding treatment: the more intensive the
treatment, the more prominent the regeneration of hemato-
poietic cells.

[0004] Logically, both the background of regenerating cells
and the drug-induced immunophenotypic shifts reduce the
sensitivity and specificity of the existing 4-color and 6-color
flow cytometric MRD methods. This has mainly lead to
approaches in which either multiple combinations of markers
are used to evaluate MRD in a patient or, alternatively to use
one or a few patient-specific combinations of markers. Rec-
ognizing the need for improved diagnostic methods for MRD,
the present inventors set out to identify additional markers
which could be used to obtain a more sensitive and reliable
assay for detecting MRD, particularly based on a fully inte-
grated approach, in which information of multiple markers is
combined via multivariate analysis. In addition, this new
approach is not anymore limited to individual patients, but is
applicable to every patient of a specific disease category, such
B-cell precursor acute lymphoblastic leukemia (BCP-ALL),
B-cell chronic lymphocytic leukemia (B-CLL) and multiple
myeloma (MM).

[0005] After careful selection of the relevant markers,
design of appropriate combinations of antibodies in multi-
color tubes, and the selection of suited fluorochromes (based
on need for brightness, compensation, stability, etc.), a set of
antibody reagents was developed. The studies were comple-
mented with extensive multicentric evaluation of the consen-
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sus panels in order to reshape and achieve an optimal effi-
ciency. The inventors designed novel =8-color stainings with
carefully selected and thoroughly tested combinations of
antibodies, which can reach sensitivities of 107! to 107>
Based on design-testing-redesign-retesting-redesign (etc.),
specific combinations of fluorochrome-conjugated antibod-
ies have been developed per disease category, such as BCP-
ALL, B-CLL and MM. One or two =8-color combinations per
patient will allow careful MRD monitoring with sensitivities
ofat least 10~*. The provided 10-color and 12-color antibody
combinations can even better discriminate between normal
cells and their malignant counterparts, thereby allowing for
MRD detection with sensitivities down to 107,

[0006] Here we present novel 8-color 10-color and
12-color antibody combinations for detection of MRD in a
sample, e.g. blood or bone marrow, isolated from patients
with:

[0007] B-cell precursor acute lymphoblastic leukemia
(BCP-ALL)

[0008] B-cell chronic lymphocytic leukemia (B-CLL) or
[0009] Multiple myeloma (MM) and related plasma cell

disorders (PCD).

[0010] These multi-color immunostainings can be per-
formed according to the so-called EuroFlow protocols as
described by Van Dongen et al. Leukemia 2012; 26: 1908-
1075 and by Kalina et al. Leukemia 2012; 26: 1986-2010.
[0011] Accordingly, the invention provides unique reagent
compositions for flow cytometric detection of MRD, com-
prising a combination of at least eight distinct fluorochrome-
conjugated antibodies. In particular, the reagent composi-
tions are of use for detecting MRD in patients with BCP-
ALL, B-CLL or MM/PCD. In a preferred embodiment, the
composition comprises monoclonal antibodies against a
given CD antigen. CD stands for cluster designation and is a
nomenclature for the identification of specific cell surface
antigens or intracellular antigens defined by monoclonal anti-
bodies. (Monoclonal) antibodies against the indicated mark-
ers can be commercially obtained from various companies,
including Becton/Dickinson (BD) Biosciences, Dako, Beck-
man Coulter, CYTOGNOS, Caltag, Pharmingen, Exbio, San-
quin, Invitrogen, and the like.

Flow Cytometric MRD Detection in BCP-ALL

[0012] Inoneembodiment,theinvention provides areagent
composition for flow cytometric detection of BCP-ALL cells
in a human subject, comprising a panel of at least eight
distinct fluorochrome-conjugated antibodies. The BCP-ALL
panel comprises antibodies against the four “core markers”
CD10, CD19, CD20, CD34 and CD45. Preferably, the panel
further comprises one or more antibodies selected from the
group of antibodies against CD38, CD81, Cylgp, and deoxy-
nucleotidyl transferase (NuTdT). Very good results are
obtained if the panel further comprises one or more sets of
antibodies selected from (a) set of antibodies against CD66¢
and CD123; (b) set of antibodies against CD304 and CD73;
and (c) set of antibodies against Smlgk and Smlgh, wherein
the antibodies within each set are conjugated to the same
fluorochrome. In a specific aspect, the BCP-ALL panel com-
prises antibodies against CD 10, CD 19, CD20, CD34,CD45,
one or more antibodies selected from the group of antibodies
against CD38, CD81, Cylgu, NuTdT, and two or more sets of
antibodies selected from (a) set of antibodies against CD66¢
and CD123; (b) set of antibodies against CD304 and CD73;
and (c) set of antibodies against Smlgk and Smlgh, wherein
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the antibodies within each set are conjugated to the same
fluorochrome. For example, a reagent composition comprises
distinct fluorochrome-conjugated antibodies directed against
one of the following combinations of markers:

[0013] (i) CD20, CD45, CD81, CD66¢, CD123, CD34,
CD19, CD10 and CD38, wherein the antibodies against
CD66c¢ and CD123 are conjugated to the same fluorochrome;

[0014] (ii) CD20, CD45, CD81, CD304, CD73, CD34,
CD19, CD10 and CD38, wherein the antibodies against
CD304 and CD73 are conjugated to the same fluorochrome;
[0015] (iii) CD20, CD45, NuTdT, Smlgk, SmlgA, Cylgy,
CD19, CD34 and CDI10, wherein the antibodies against
Smlgk0 and Smlgh are conjugated to the same fluorochrome.
See for instance the 8-color BCP-ALL MRD Panel 1A.

[0016] As another example, it comprises distinct fluoro-
chrome-conjugated antibodies directed against the markers
CD20,CD45,CD81,NuTdT,CD34,CD19,CD10 and CD38,
and one or more sets of antibodies selected from (a) set of
antibodies against CD66¢ and CD123; (b) set of antibodies
against CD304 and CD73; and (c) set of antibodies against
Smlgk and Smlgh, wherein the antibodies within each set are
conjugated to the same fluorochrome. See for instance the
10-color tube in Panel 1B comprising antibodies against the
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used within a reagent composition should be distinguishable
from each other by flow cytometry. The fluorochromes are
preferably selected for brightness, limited spectral overlap
and limited need for compensation, stability, etc (see: Kalina
et al. Leukemia 2012: 26: 1986-2010).

[0019] The following panel of fluorochromes is of particu-
lar use in a BCP-ALL reagent composition according to the
invention: (1) pacific blue (PacB), brilliant violet 421
(BV421) or Horizon V450, (2) pacific orange (PacO), Hori-
zon V500 (HV500), BV510, Khrome orange (KO) or OC515,
(3) fluorescein isothiocyanate (FITC) or Alexa488, (4) phy-
coerythrin (PE), (5) peridinin chlorophyl protein/cyanine 5.5
(PerCP-Cy5.5), PerCP or PE-TexasRed, (6) phycoerythrin/
cyanine7 (PE-Cy7), (7) allophycocyanine (APC) or
Alexa647, and (8) allophycocyanine/hilite 7 (APC-H7),
APC-Cy7, Alexa680, APC-A750, APC-C750 or Alexa700.
After multiple testing rounds, the present inventors observed
that very good results can be obtained if the following fluo-
rochromes are chosen: Pacific Blue, brilliant violet 421 or
Horizon V450, PacO or Horizon V500, FITC, PE, PerCP-
Cy5.5, PE-Cy7, APC, and APC-H7 or APC-A750 or APC-
C750. Ina specific aspect, the invention provides for a reagent
composition shown in Table 1, panel 1A, panel 1B or panel
1C.

TABLE 1

Exemplary reagent compositions for MRD detection in BCP-ALL . . .

Panel 1A. Marker Composition of 8-color BCP-ALL MRD panels of the invention

tube PacB PacO FITC PE PerCPCy5.5 PECy7 APC  APCC750
1 CD20  CD45 CD81  CD66¢ and CD34 CD19 CDI10 CD38
CD123
2 CD20 CD45 CD81 CD304and CD34 CD19 CDI10 CD38
CD73
2 CD20  CD45 NuTdT Smlgk and Cylgp CD19 CD34 CD10
SmlIgh

Panel 1B. Marker Composition of 10-color BCP-ALL MRD panel of the invention

F1 F2 F3

CD20 CD45 CD81 NuTdT CD66¢ and

F4 Fs F6 F7 F8 F9 F10
CD304and CD34 CD19 CD10 CD38
CD123 CD73

Panel 1C. Marker Composition of 12-color BCP-ALL MRD panel of the invention

F1 F2 F3

CD20 CD45 CD81 NuTdT CDé66c

F4 F5 F6 F7 F8 F9 F10 Fl1l F12
CD304 Smlgk Cylgn CD34 CD19 CD10 CD38

and and and

CD123 CD73  Smlgh

markers CD20, CD45, CD81, NuTdT, CD66c, CD123,
CD304, CD73, CD34, CD19, CD10 and CD38.

[0017] In a further specific aspect, the composition com-
prises a combination of fluorochrome-conjugated antibodies
directed against the markers CD20, CD45, CD81, NuTdT,
CD66¢, CD123, CD304, CD73, Smlgk, Smlgh, Cylgy,
CD34, CD19, CD10 and CD38, wherein the antibodies
against each of the sets CD66¢/CD123, CD304/CD73 and
Smlgk/Smlgh are conjugated to the same fluorochrome. See
for instance the 12-color tube in panel 1C.

[0018] Suitable fluorochromes for conjugating antibodies
for use in the present invention against the recited markers are
known in the art. As will be understood, the fluorochromes

Flow Cytometric MRD Detection in B-CLL

[0020] In another embodiment, the invention provides a
reagent composition for flow cytometric detection of B-cell
chronic lymphocytic leukemia (B-CLL) in a human subject,
comprising a panel of at least eight distinct fluorochrome-
conjugated antibodies, the panel comprising at least antibod-
ies against the seven “core markers” CDS5, CD27, CD79b,
CD3, CD200, CD81 and CD19. It was found that CD22
and/or Receptor tyrosine kinase-like orphan receptor 1
(ROR1) can be used as valuable additional marker(s). Very
good results were obtained in combination with the markers
CD43 and CD38.
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[0021] Preferred marker combinations for detecting
B-CLL are as follows:

[0022] (a) CD27, CD3, CD79b, CDS5, CD22, CDI19,
CD200 and CD81

[0023] (b) CDS5, CD3, CD79%, ROR1, CD27, CD19,
CD200 and CD81

[0024] (c)CD27,CD3,CD79b,ROR1, CD5,CD22,CD19,
CD20, CD200 and CDS81

[0025] (d)CD27,CD3,CD79%,ROR1,CD5,CD22,CD19,
CD20, CD200, CD43, CD81 and CD38.

[0026] The following panel of fluorochromes is of particu-
lar use in a CLL reagent composition according to the inven-
tion: (1) pacific blue (PacB), brilliant violet 421 (BV421) or
Horizon V450, (2) pacific orange (PacO), Horizon V500
(HV500), BV510, Khrome orange (KO) or OC515, (3) fluo-
rescein isothiocyanate (FITC) or Alexa488, (4) phycoerythrin
(PE), (5) peridinin chlorophyl protein/cyanine 5.5 (PerCP-
Cy5.5), PerCP or PE-TexasRed, (6) phycoerythrin/cyanine7
(PE-Cy7), (7) allophycocyanine (APC) or Alexa647, and (8)
allophycocyanine/hilite 7 (APC-H7), APC-Cy7, Alexa680,
APC-A750, APC-C750 or Alexa700. After multiple testing
rounds, the present inventors observed that very good results
can be obtained if the following fluorochromes are chosen:
Pacific Blue, brilliant violet 421 or Horizon V450, PacO or
Horizon V500, FITC, PE, PerCP-Cy5.5, PE-Cy7, APC, and
APC-H7 or APC-A750 or APC-C750.

[0027] In a specific aspect, the invention provides for a
reagent composition shown in Table 2.

TABLE 2
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[0031] (o) CD45 CDI138CD38 CD56 CD229CD19 Cylgk
Cylgh

[0032] (p) CDI38 CD27 CD38 CD56 CD45 CDI19
CD117CD81

[0033] (q) CD138 CD27 CD38 CD356 CD229CD19 Cylgk
Cylgh

[0034] (r) CD138 CD 27 CD38 CD356 CD45 CD19 Cylgxk
Cylgh

[0035] For example, provided is a reagent composition for

flow cytometric detection of MM or PCD in a human subject,
comprising a panel of at least eight distinct fluorochrome-
conjugated antibodies, the panel comprising at least antibod-
ies against the core markers CD138, CD38, CD56 and CD19,
supplemented with at least four additional markers selected
from the group consisting of CD27, CD117, CD81, CD229,
CD45, Cylgk and CylgA. Preferably, CD45 is the fifth
marker, more preferably in combination with the markers
CD27,CD 117 and CD81, or in combination with the markers
CD229, Cylgk and Cylgh. Preferred reagent compositions
comprise distinct fluorochrome-conjugated antibodies
directed against one of the following combinations of mark-
ers:

[0036] (iv) CD45, CD138, CD38, CD56, CD27, CD19,
CD117 and CD81

[0037] (v) CD45, CD138, CD38, CD56, CD229, CD19,
Cylgik and Cylgh

[0038] (vi) CD138, CD27, CD38, CD56, CD45, CD19,
CD117 and CD81

Exemplary reagent compositions for MRD detection in B-CLL

Panel 2A. Composition of 8-color CLL MRD panel

Bv421  BVS510 FITC PE PerCPCy5.5  PECy7 APC APCC750
CD27 CD3 CD79 CD5 CD22 CD19 CD200 CD81
CD5 CD3 CD79%  ROR1 CD27 CD19 CD200 CD81
Panel 2B. Composition of 10-color CLL MRD tube
F1 F2 F3 F4 F5 F6 F7 F8 Fo F10
CD27 CD3 CD79% RORI CD5 CD22 CDI19 CD20 CD200 CD81
Panel 2C. Composition of 12-olor CLL MRD tube
F1 F2 F3 F4 F5 F6 F7 F8 Fo F10 F11 F12

CD27 CD3 CD7% RORI CD5 CD22 CDI19 C20

CD200 CD43 CD81 CD38

Flow Cytometric MRD  Detection in
Myeloma/Plasma Cell Disease (MM/PCD)

[0028] A still further aspect of the invention relates to a
reagent composition for detecting MM or PCD cells. The
panel comprises antibodies against the four “core markers”
CD138, CD38, CD56 and CD19, supplemented with at least
four additional markers selected from the group consisting of
CD27, CD117, CD81, CD229, CD45, Cylgk and Cylgh.
CD45 is a preferred fifth marker, preferably in combination
with CD27,CD 117 and CD81 or CD229, Cylgk and CyIgh..
[0029] Provided is a reagent composition with distinct fluo-
rochrome-conjugated antibodies against either one of the fol-
lowing panels of markers:

[0030] (n) CD45 CDI138CD38 CD56 CD27 CDI19
CD117CD81

Multiple

[0039] (vii) CD138, CD27, CD38, CD56, CD229, CD19,
Cylgik and Cylgh

[0040] (viii) CD138, CD27, CD38, CD56, CD45, CD19,
Cylgik and Cylgh

[0041] See for instance the 8-color PCD MRD Panel 3A.

[0042] Very good results were obtained using fluoro-
chrome-conjugated antibodies directed against the markers
CD138, CD27, CD38, CD56, CD45, CD19, CD117, CD81
and one or both set(s) of antibodies selected from (a) set of
antibodies against CD229 and CD28; and (b) set of antibodies
against Cylgik and Cylgh.. See for instance the 10-color tube
in Panel 3B and the 12-color tube in Panel 3C.

[0043] The following panel of fluorochromes is of particu-
lar use in a MM/PCD reagent composition according to the
invention: (1) pacific blue (PacB), brilliant violet 421
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(BV421) or Horizon V450, (2) pacific orange (PacO), Hori-
zon V500 (HV500), BV510, Khrome orange (KO) or OC515,
(3) fluorescein isothiocyanate (FITC) or Alexa488, (4) phy-
coerythrin (PE), (5) peridinin chlorophyl protein/cyanine 5.5
(PerCP-Cy5.5), PerCP or PE-TexasRed, (6) phycoerythrin/
cyanine7 (PE-Cy7), (7) allophycocyanine (APC) or
Alexa647, and (8) allophycocyanine/hilite 7 (APC-H7),
APC-Cy7, Alexa680, APC-A750, APC-C750 or Alexa700.
After multiple testing rounds, the present inventors observed
that very good results can be obtained if the following fluo-
rochromes are chosen: Pacific Blue, brilliant violet 421 or
Horizon V450, PacO or Horizon V500, FITC, PE, PerCP-
Cy5.5, PE-Cy7, APC, and APC-H7 or APC-A750 or APC-
C750.

TABLE 3
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such as cerebrospinal fluid, vitreous fluid, synovial fluid,
pleural effusions or ascitis. Peripheral blood or bone marrow
is preferred.

[0046] Provided is a multi-color flow cytometric method
for detecting minimal residual disease (MRD) in a biological
sample comprising cells, preferably B-lineage cells (B-cell
precursors, B-lymphocytes, and plasma cells), comprising
the steps of:

[0047] (i) staining the sample with a reagent composition
according to the invention,

[0048] (ii) subjecting the sample to flow cytometry; (iii)
gating on cells for expression of the selected markers detected
by the antibodies present in the reagent composition;

Exemplary reagent compositions for MRD detection in MM/PCD

Panel 3A. Composition of PCD MRD panel

PacB
or APCH7 or
BV421 HV300 APCAT50
or or or
Tube HV450 PacO FITC PE PerCPCy5.5  PECy7 APC APCC750
1 CD45 CD138 (CD38 CD56 CD27 CD19 CD117 CD81
2 CD45 CD138 (CD38 CD56 CD229 CD19 Cylgk Cylgh
3 CD138 CD27 CD38 CD56 CD45 CD19 CD117 CD81
4 CD138 CD27 CD38 CD56 CD229 CD19 Cylgk Cylgh
5 CD138 CD27 CD38 CD56 CD45 CD19 Cylgk Cylgh
Panel 3B. Composition of 10-color PCD MRD panel
F1 F2 F3 F4 F5 F6 F7 F8 Fo F10
CD138 CD27 CD38 CD56 CD45 CDI19 <CDI117 CD81 CD229 CD28
CDI138 CD27 CD38 CD56 CD45 CDI9 <CDI117 CD81 Cylgk Cylgh
Panel 3C. Composition of 12-color PCD MRD tube
F1 F2 F3 F4 F5 F6 F7 F8 Fo F10 F11 F12

CD138 CD27 CD38 CD56 CD45 CDI19 CDI117 CD81 CD229 CD28 Cylgk

Cylgh

[0044] A further aspect of the invention relates to a diag-
nostic kit for detecting MRD, in particular BCP-ALL MRD,
CLL MRD or MM/PCD MRD comprising one or more of the
reagent compositions described herein above, optionally
together with instructions for use, buffer, and/or control
samples (see: Kalina et al. Leukemia 2012: 26: 1986-2010).
In one embodiment, there is provided a BCP-ALL kit com-
prising one or more reagent compositions of Table 1. In
another embodiment, there is provided a CLL kit comprising
one or more reagent compositions of Table 2. In still a further
embodiment, there is provided a PCD kit comprising one or
more reagent compositions of Table 3.

[0045] The invention also relates to a method for flow cyto-
metric detection of MRD, comprising the steps of providing
a biological sample from a human subject and contacting at
least a portion (aliquot) of the sample with a reagent compo-
sition provided herein. Any type of sample known or sus-
pected to contain leukocytes may be used directly, or after
lysing non-nucleated red cells, or after density centrifugation,
or after cell sorting procedures. For example, the sample is
peripheral blood, bone marrow, tissue sample such as lymph
nodes, adenoid, spleen, or liver, or other type of body fluid

[0049] (iv) distinguishing between normal and malignant
cells, based on the expression profile of the multiple markers.

[0050] Preferably, the analysis in step (iv) involves multi-
variate analysis, preferably principal component analysis
(PCA), wherein each marker has added value in the distinc-
tion process via the principal component analysis. Advanta-
geously, using automated population separation—APS
view—is used employing for example Infinicyt software, or
multidimensional scaling (MDS) analysis.

[0051] PCA is a mathematical procedure that uses an
orthogonal transformation to convert a set of observations of
possibly correlated variables into a set of values of uncorre-
lated variables called principal components. The number of
principal components is less than or equal to the number of
original variables. This transformation is defined in such a
way that the first principal component has as high a variance
as possible (that is, accounts for as much of the variability in
the data as possible), and each succeeding component in turn
has the highest variance possible under the constraint that it
be orthogonal to (uncorrelated with) the preceding compo-
nents. Principal components are guaranteed to be indepen-
dent only if the data set is jointly normally distributed. PCA is
sensitive to the relative scaling of the original variables.
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Depending on the field of application, it is also named the
discrete Karhunen-Loéve transform (KLT), the Hotelling
transform or proper orthogonal decomposition (POD). Alter-
natively to PCA, MDS or any other type of well-established
multivariate analysis, can be used (see: Pedreira et al. Trends
Biotechnol 2013).

[0052] In one embodiment, there is provided is a multi-
color flow cytometric method for detecting minimal residual
disease (MRD) in a biological sample comprising lympho-
cytes, wherein MRD is BCP-ALL, comprising the steps of:
[0053] (i) staining the sample with a BCP-ALL reagent
composition according to the invention, preferably a compo-
sition selected from any one of panels 1A, 1B or 1C;

[0054] (ii) subjecting the sample to flow cytometry; (iii)
gating on mature B cells and BCP-cells for expression of the
markers detected by the antibodies present in the reagent
composition; (iv) distinction between normal and malignant
BCP cells, based on the application of multiple markers, each
having added value in the distinction process via the principal
component analysis. See examples in Example 1 and FIGS. 1
and 2 for an exemplary analysis allowing for detection of
MRD in BCP-ALL patients.

[0055] Inanother embodiment, there is provided is a multi-
color flow cytometric method for detecting minimal residual
disease (MRD) in a biological sample comprising lympho-
cytes, wherein MRD is CLL, comprising the steps of:
[0056] (i) staining the sample with a CLL reagent compo-
sition according to the invention, preferably a composition
selected from any one of panels 2A, 2B or 2C;

[0057] (ii) subjecting the sample to flow cytometry; (iii)
gating B-lymphocytes for expression of the markers detected
by the antibodies present in the reagent composition; (iv)
distinction between normal and malignant B cells, based on
the application of multiple markers, each having added value
in the distinction process via the principal component analy-
sis.

[0058] Seeexamplesin Example 2 and FIGS. 3 and 4 foran
exemplary analysis allowing for detection of MRD in CLL
patients.

[0059] In yet another embodiment, there is provided is a
multi-color flow cytometric method for detecting minimal
residual disease (MRD) in a biological sample comprising
lymphocytes, wherein MRD is MM/PCD, comprising the
steps of:

[0060] (i) staining the sample with a MM/PCD reagent
composition according to the invention, preferably a compo-
sition selected from any one of panels 3A, 3B or 3C;

[0061] (ii) subjecting the sample to flow cytometry; (iii)
gating plasma cells for expression of the markers detected by
the antibodies present in the reagent composition; (iv)
[0062] distinction between normal and malignant plasma
cells, based on the application of multiple markers, each
having added value in the distinction process via the principal
component analysis.

[0063] Seeexamplesin Example 3 and FIGS. 5 and 6 foran
exemplary analysis allowing for detection of MRD in
MM/PCD patients.

LEGEND TO THE FIGURES

[0064] FIG.1. Typical example of how to use the CD19 and
CD45 identification markers in combination with SSC (Panel
A to C) for the distinction between BCP cells and other
nucleated cells in a bone marrow sample from a BCP-ALL
patient during therapy. In each plot, light grey events corre-
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spond to non-B cells in the sample, while dark grey events are
mature B-cells and black events BCP cells. In the multivariate
analysis representation (APS1) of principal component 1 vs.
principal component 2 (Panel D), both mature B cells and
BCP cells are clearly separated from all other events based on
all informative parameters (e.g. CD19, CD45, SSC).

[0065] FIG. 2.—Illustrating example of how to use immu-
nophenotypic characterization markers CD10, CD20, CD34,
CD66¢/CD123, and CD38 in combination with SSC for the
distinction between BCP-ALL cells and normal residual
B-cells in a bone marrow sample from a BCP-ALL patient
during therapy (Panels A to D). Only bone marrow B-cells are
displayed, after gated/selected as described in FIG. 1. In each
plot, black dots correspond to BCP-ALL cells in the sample,
while grey dots are normal B-cells. Compared to normal
B-cells, BCP-ALL cells show overexpression of CD81 (Panel
D), CD10 (Panels A and D), and CD66¢/CD123 (Panel C). In
the APS1 (principal component 1 versus principal component
2) representation based on all immunophenotypic markers
and scatter characteristics evaluated (Panel E), normal
residual B-cells (grey) are clearly discriminated from BCP-
ALL cells (black).

[0066] FIG. 3.—Illustrating example of how to use the
CD19 and CD3 identification markers in combination with
SSC (Panels A to C) for the distinction between mature
B-cells and other nucleated cells in a peripheral blood sample
from a CLL patient. In each plot, grey events correspond to
non-B-cells in the sample, while black events are total periph-
eral blood B-cells. In the multivariate analysis representation
(APS1) of principal component 1 vs. principal component 2
(Panel D), B-cells are clearly separated from all other events
based on all informative parameters (e.g. CD19, CD3, SSC).
[0067] FIG. 4.—Illustrating example of how to use immu-
nophenotypic characterization markers CD27, CD5, CD22,
CD200 and CD79b (panels A to C) for the distinction between
CLL cells and normal mature B-cells in a peripheral blood
sample from a CLL patient. Only peripheral blood B-cells are
displayed, after gated/selected as described in FIG. 3. In each
plot, black dots correspond to CLL cells in the sample, while
grey dots are normal peripheral blood B-cells. Compared to
normal B-cells, CLL cells show underexpression of CD22
(Panel B) and CD79b (Panel C) together with overexpression
of CD200 (Panel B) and CDS5 (Panels A and C). In the APS1
(principal component 1 vs. principal component 2) represen-
tation based on all immunophenotypic markers and scatter
characteristics evaluated (Panel D), CLL cells are clearly
discriminated from normal B-cells, while this degree of dis-
crimination could not be achieved based on individual mark-
ers.

[0068] FIG. 5.—Illustrating example of how to use the
CD38 and CD138 identification markers in combination with
SSC (Panel A to C) for the distinction between plasma cells
and other nucleated cells in a bone marrow sample of an MM
patient after therapy. In each plot, grey dots correspond to
non-plasma cells in the sample, while black dots are total
bone marrow plasma cells. In the multivariate analysis rep-
resentation (APS 1) of principal component 1 vs. principal
component 2 (Panel D), plasma cells (black dots) are clearly
separated from all other events (grey dots) based on all infor-
mative parameters (e.g. CD138, CD38, SSC).

[0069] FIG. 6.—Illustrating example of how to use immu-
nophenotypic characterization markers CD81, CD19, CD45,
CD56, CD27, CD117 and CD38, in combination with SSC
(Panels A to D) for the distinction between myeloma/malig-
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nant plasma cells and normal residual plasma cells in a bone
marrow sample of an MM patient after therapy. Only bone
marrow plasma cells are displayed, after gated/selected as
described in FIG. 5. In each plot, black dots correspond to
myeloma/clonal plasma cells in the sample, while grey dots
are normal residual bone marrow plasma cells. Compared to
normal plasma cells, myeloma/clonal plasma cells show
underexpression of CD81, CD19, CD45, CD27 and CD38
together with higher SSC and overexpression of CD56 and
CD117. In the APS1 (principal component 1 vs. principal
component 2) representation (Panel E) based on all immu-
nophenotypic markers and scatter characteristics evaluated
normal residual plasma cells (grey dots) are clearly discrimi-
nated from myeloma/malignant plasma cells (black dots),
while this degree of discrimination could not be achieved
based on individual markers.

EXPERIMENTAL SECTION

[0070] The power of the EuroFlow approach disclosed
herein is based on the combination of sets of markers and the
usage of multivariate analyses for both the identification of
normal cells (e.g. normal precursor B-cells, normal B-lym-
phocytes and normal plasma cells) and the distinction
between normal/reactive cells vs. clonal/malignant cells. For
this purpose, a powerful multivariate analysis of the contri-
bution of individual markers for inclusion and exclusion of
each marker in the panel according to its contribution over all
other markers in the combination. Such a strategy was used to
evaluate the selected combinations of most discriminating
markers in multiple sequential rounds of experimental test-
ing. Because of this the final proposed antibody combinations
became extremely strong when used in combination with the
principal component analysis, specifically with the auto-
mated population separation (APS) tool of the Infinicyt soft-
ware, so that the added (independent) value of each marker is
used in a single step of analysis.

[0071] Herewith we provided the summary of the results of
the extensive experimental studies for MRD detection in
blood and bone marrow of patients with BCP-ALL (Example
1), CLL (Example 2) and Multiple Myeloma (Example 3).
[0072] Inthe Examples below, lists of markers are provided
together with the most frequent phenotypic aberration of
these markers in case of BCP-ALL, CLL, and MM/PCD.
However, it should be noted that the real discrimination
power between normal and malignant cells is based on com-
binations of markers in the corresponding n-dimensional
space, as is clearly visible in the principle component analy-
ses in the figures of Examples 1 to 3. In fact, minor differences
of several markers add up to a larger difference in principle
component analysis. Therefore the current invention is not
about single marker studies for MRD detection, but about
carefully selected sets of markers, that allow excellent dis-
crimination between normal cells and their malignant coun-
terparts, such as normal BCP cells vs. BCP-ALL blasts, nor-
mal B-lymphocytes vs. B-CLL cells, and normal plasma cells
vs. MM/PCD plasma cells.

EXAMPLE 1

Antibody Panels and Diagnostic Method for MRD
Detection in BCP-ALL Patients

Markers for Identification of Total B Cells and B-Cell
Precursors in the Bone Marrow

[0073]
CD45

List of relevant identification markers: CD 19,
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[0074] How to use them: Pre-gating using the CD19 marker
is essential for identifying a pure B-cell population. To focus
onnormal B-cell precursors (BCP), CD45-negativity or weak
positivity can be used to discriminate BCP from CD45-posi-
tive mature B-cells. In case of CD19-directed therapies,
CD19 might be replaced by CD22. These markers may be
used in combination also with sideward light scatter (SSC) or
forward light scatter (FSC) or both FSC and SSC to identify
B-cells in peripheral blood or bone marrow or other types of
samples (e.g. bone marrow, tissue biopsy, spinal fluid). Of
note, other markers, like CD10, CD20, CD38 and CD34,
which are used for discriminating BCP-ALL cells from nor-
mal BCP cells (see below), may also contribute to the gating
of'the total BCP cell population (e.g. CD34+, CD10+, CD20-
to dim, CD38+).

Markers for Distinguishing Normal vs. Malignant B-Cell
Precursor Cells

[0075] List of Markers and most Frequent Phenotypic
Aberration:
[0076] CD38: underexpressed in BCP-ALL/malignant

vs. normal B-cell precursor cells

[0077] CD10: over- orunderexpressed in BCP-ALL/ma-
lignant B-cell precursor cells

[0078] CD45: underexpressed (usually negative) in
BCP-ALL/malignant vs. normal B-cell precursor cells

[0079] CD20: under- or overexpressed in BCP-ALL/ma-
lignant vs. normal B-cell precursor cells

[0080] CD81: over-orunderexpressed in BCP-ALL/ma-
lignant vs. normal B-cell precursor cells

[0081] CDo66¢: overexpressed in BCP-ALL malignant
vs. normal B-cell precursor cells (particularly BCR-
ABL positive ALL; generally negative in TEL-AML1-
positive or MLL-AF4-positive ALL)

[0082] CD123: overexpressed in BCP-ALL/malignant
vs. normal B-cell precursor cells (particularly in hyper-
diploid ALL)

[0083] CD304: overexpressed in BCP-ALL/malignant
vs. normal B-cell precursor cells

[0084] CD73: overexpressed in BCP-ALL/malignant vs.
normal B-cell precursor cells

[0085] CD34:under-oroverexpressed in BCP-ALL/ma-
lignant vs. normal B-cell precursor cells

[0086] SSC: increased or decreased intensity in BCP-
ALIL/malignant vs. normal B-cell precursor cells.

[0087] FSC: increased or decreased intensity in BCP-
ALIL/malignant vs. normal B-cell precursor cells.

EXAMPLE 2

Antibody Panels and Diagnostic Method for MRD
Detection in CLL Patients

Markers for Identification of Total B-Cells in Peripheral
Blood and Bone Marrow:

[0088] List of identification markers: CD19, CD3 (exclu-
sion marker)
[0089] How touse them: Pre-gating using this marker com-

bination is essential for identifying a pure B-cell population,
and removing T-cell/B-cell doublets. These markers may be
used in combination also with sideward light scatter (SSC) or
forward light scatter (FSC) or both FSC and SSC to identify
B-cells in peripheral blood or bone marrow or other types of
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samples (e.g. tissue biopsy, spinal fluid). For a more refined
gating with better enrichment of CLL cells, both CD5 and
CD27 may be used.

Markers for Distinguishing Normal B-Cells from CLL Cells:

[0090] List of markers and most frequent phenotypic aber-
ration:
[0091] CD27: positive on CLL cells and a small fraction

of normal B-cells

[0092] CDS: positive on CLL cells and a small fraction
of normal B-cells

[0093] CD79b: underexpressed on CLL cells as com-
pared to normal transitional and mature B-lymphocytes

[0094] CD22:underexpressed on CLL cells as compared
to normal transitional and mature B-lymphocytes

[0095] CD20: underexpressed on CLL cells as compared
to normal transitional and mature B-lymphocytes

[0096] CD200: overexpressed on CLL cells as compared
to normal transitional and mature B-lymphocytes

[0097] RORI: overexpressed on CLL cells as compared
to normal transitional and mature B-lymphocytes

[0098] CD43: overexpressed on CLL cells as compared
to normal transitional and mature B-lymphocytes

[0099] CD81: underexpressed on CLL cells as compared
to B-cell precursors and both transitional and mature
B-lymphocytes

[0100] CD38: underexpressed on CLL cells as compared
to B-cell precursors

EXAMPLE 3

Antibody Panels and Diagnostic Method for MRD
Detection in MM/PCD Patients

Markers for Identification of Total Plasma Cells in the Bone
Marrow:

[0101] List of identification markers: CD38, CD138 and
CD229
[0102] How to use them: Any combination of the three

markers in any fluorochrome position works; also it is pos-
sible to use any combinations of two of the three markers orin
a subset of cases (not all) even one of the three markers alone.
Preferable combinations are order as follows: 1) CD138/
CD38/CD229; 2) CDI138/CD38, 3) CDI38/CD229; 4)
CD38/CD229; 5) CD138; 6) CD38); 7) CD229. Note that any
of'these markers individually and in combination may be used
in combination also with sideward light scatter (SSC) or
forward light scatter (FSC) or both FSC and SSC to identify
plasma cells in the bone marrow or other types of samples
(e.g. peripheral blood, tissue biopsy, spinal fluid).

Markers for Distinguishing Normal vs Clonal/Malignant
Plasma Cells:

[0103] List of markers and most frequent phenotypic aber-
ration:
[0104] CD38: underexpressed in malignant plasma cells

compared to normal plasma cells

[0105] CD27: underexpressed in malignant plasma cells
compared to normal plasma cells

[0106] CD45: underexpressed in malignant plasma cells
compared to normal plasma cells

[0107] CD19: underexpressed (usually negative) in
malignant plasma cells compared to normal plasma cells

[0108] CD81: underexpressed in malignant plasma cells
compared to normal plasma cells

Jun. 11, 2015

[0109] CDS56: overexpressed in malignant plasma cells
compared to normal plasma cells

[0110] CD28: overexpressed in malignant plasma cells
compared to normal plasma cells

[0111] CD117: overexpressed in malignant plasma cells
compared to normal plasma cells

[0112] Cylgk and Cylglambda: expression restricted to
either one or the other Ig light chains in malignant
plasma cells while showing a balanced distribution
(Cylgk/Cylglambda ratio in normal plasma cells usually
ranging between ratios 3 and 0.5).

[0113] SSC: increased or decreased intensity in malig-
nant plasma cells compared to normal plasma cells.

[0114] FSC: increased or decreased intensity in malig-
nant plasma cells compared to normal plasma cells.

1. A reagent composition for flow cytometric detection of
B-cell precursor ALL (BCP-ALL) in a human subject, com-
prising a panel of at least eight distinct fluorochrome-conju-
gated antibodies, the panel comprising at least antibodies
against the core markers CD10, CD19, CD20, CD34 and
CD45, and wherein the panel further comprises one or more
antibodies selected from the group of antibodies against
CD38 CD81, Cylgu, and deoxynucleotidyl transferase
(NuTdT).

2. (canceled)

3. Reagent composition according to claim 1, wherein the
panel further comprises one or more sets of antibodies
selected from

(a) set of antibodies against CD66¢ and CD123:

(b) set of antibodies against CD304 and CD73: and

(c) set of antibodies against Smlgk and Smlgh.

4. Reagent composition according to claim 3, wherein the
antibodies within each set are conjugated to the same fluoro-
chrome.

5. Reagent composition according to claim 1, comprising
distinct fluorochrome-conjugated antibodies directed against
one of the following combinations of markers:

(1) CD20, CD45, CD81, CD66¢, CD123, CD34, CD19,
CD10 and CD38, wherein the antibodies against CD66¢
and CD123 are conjugated to the same fluorochrome:

(i1) CD20, CD45, CD81, CD304, CD73, CD34, CD19,
CD10 and CD38, wherein the antibodies against CD304
and CD73 are conjugated to the some fluorochrome:

(iii) CD20, CD45, NuTdT, Smlgk, SmIgh, Cylgu, CD19,
CD34 and CD10, wherein the antibodies against SmlIgik
and Smlgh are conjugated to the same fluorochrome.

6. Reagent composition according to claim 5, comprising
distinct fluorochrome-conjugated antibodies directed against
the markers CD20, CD45, CD81, NuTdT, CD66¢c, CD123,
CD304, CD73, CD34, CD19, CD10 and CD38, and one or
more sets of antibodies selected from

(a) set of antibodies against CD66¢ and CD123:

(b) set of antibodies against CD304 and CD73; and

(c) setof antibodies against SmlIgk and Smlgh, wherein the
antibodies within each set are conjugated to the same
fluorochrome.

7. Reagent composition according to claim 6, comprising
distinct fluorochrome-conjugated antibodies directed against
the markers CD20, CD45, CD81, NuTdT, CD66¢c, CD123,
CD304, CD73, Smlgk, SmIgh, Cylgu, CD34, CD19, CDI10
and CD38, wherein the antibodies against each of the sets
CD66¢/CD123, CD304/CD73 and Smlgk/Smlgh are conju-
gated to the same fluorochrome.
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8. A reagent composition for flow cytometric detection of
chronic lymphocytic leukemia (CLL) in a human subject,
comprising a panel of at least eight distinct fluorochrome-
conjugated antibodies, the panel comprising at least antibod-
ies against the core markers CD5, CD27, CD79b, CD3,
CD200, CD81 and CD19.

9. Reagent composition according to claim 8, wherein
CD22 and/or Receptor tyrosine kinase-like orphan receptor 1
(ROR1) is used as additional marker(s), preferably in combi-
nation with CD43 and CD38.

10. A reagent composition for flow cytometric detection of
MM or PCD in ahuman subject, comprising a panel of at least
eight distinct fluorochrome-conjugated antibodies, the panel
comprising at least antibodies against the core markers
CD138, CD38, CD56 and CD19, supplemented with at least
four additional markers selected from the group consisting of
CD27,CD117, CD81, CD229, CD453, Cylgk and Cylgh..

11. Reagent composition according to claim 10, wherein
CD45 is the fifth marker, preferably in combination with the
markers CD27,CD117 and CD81, or in combination with the
markers CD229, Cylgk and Cylgh.

12. Reagent composition according to claim 10, compris-
ing distinct fluorochrome-conjugated antibodies directed
against one of the following combinations of markers:

(iv) CD45, CD138, CD38, CD56, CD27, CD19, CD117

and CD81

(v) CD45, CD138, CD38, CD56, CD229, CD19, Cylgk

and Cylgh

(vi) CD138, CD27, CD38, CD56, CD45, CD19, CD117

and CD81
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(vii) CD138, CD27, CD38, CD56, CD229, CD19, Cylgk
and Cylgh

(viii) CD138, CD27, CD38, CD356, CD45, CD19, Cylgk
and Cylgh

13. Reagent composition according to claim 12, compris-
ing distinct fluorochrome-conjugated antibodies directed
against the markers CD138, CD27, CD38, CD56, CD45,
CD19, CD117, CD81 and one or both set(s) of antibodies
selected from

(a) set of antibodies against CD229 and CD28;

(b) set of antibodies against Cylgk and Cylgh.

14. A diagnostic kit for flow cytometric detection of mini-
mal residual disease (MRD), comprising at least one reagent
compositions according to claim 1, optionally together with
instructions for use, buffer, and/or control samples.

15. A multi-color flow cytometric method for detecting
minimal residual disease (MRD) in a biological sample com-
prising cells, preferably lymphocytes, comprising the steps
of:

(1) staining the sample with a reagent composition accord-

ing to claim 1,

(ii) subjecting the sample to flow cytometry;

(ii1) gating on cells for expression of the selected markers
detected by the antibodies present in the reagent com-
position; and

(iv) distinguishing between normal and malignant cells,
based on the expression profile of the multiple markers.

16. Method according to claim 15, wherein step iv)
involves multivariate analysis, preferably principal compo-
nent analysis (PCA).



