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response and outcome prediction in chronic myelogenous leukemia
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Chronic myelogenous leukemia (CML) is a clonal disorder of hematopoietic stem cell
characterized by t(9;22), which results in fusion of bcr and abl proto-oncogenes and expression
of BCR-ABL chimeric protein with abnormal tyrosine-kinase activity. Inhibition of this kinase
activity by STI571 (Glivec) resulted in 96% of hematological remission and 68% cytogenetic
remission in newly diagnosed CML. Molecular remission is possible in a few patients.
Quantification of t(9;22) carrying cells can be achieved by real-time guantitative RT-PCR
(RQ-PCR) assay that is highly sensitive for evaluating treatment response and minimal residual
disease (MRD). We had successfully developed one-step RQ-RT-PCR method that integrated
RT and PCR reaction in single tube. The assay can detect one abnormal CML cells among 10°
normal cells (5-log sensitivity). Amplification of GAPDH control gene was done in separate
reaction. Since each PCR reaction has its own kinetics, separate PCR assay for target and
control genes can potentialy result in inaccurate quantification. Multiplex PCR can further
minimize the laboratory procedure and increase the assay accuracy. Whether multiplex
RQ-RT-PCR can be applied in detecting MRD in CML has not yet been reported in the
literature.

Between June 2001 and October 2004, a total of 102 CML patients had been treated with
Imatinib in NTUH, including 49 patients in chronic phase (CP), 30 patients in accelerated phase
(AP), and 23 patients in blastic phase (BC). Fifty-two were male and 50 female and the median
age was 40 years old (ranges 3-80). The median interval from diagnosis to Imatinib treatment
was 16 months (0-120) and median Imatinib duration 19.4 months (1-45). Since July 2004, most
patients received Imatinib as first-line drug in early chronic phase.

Results: the complete hematological rate (CHR) was 98% in CP, 70% in AP and 35% in BC
patients (p < 0.001). Mgor cytogenetic remission (MCyR) was achieved in 70% of CP, 58% in
AP and 75% in BC patients (p=0.08). However, only a few patients could achieved molecular
remission as defined as MRD < -3.0log reduction: 19% in CP, 11% in AP and 17% in BC.
(p=0.341). The probability of leukemic progression-free survival (PFS) at 3 years was 93% for
CP, 51% for AP and 4% for BC (p<0.001). PFS was also correlated with cytogenetic response
and molecular response. For patients treated in CP or AP stagesand had achieved MRD <
-2.0log reduction, none had leukemic progression. Cytogenetic or molecular remission in BC
stage didn’t prevent disease relapse and progression. Sequencing anaysis showed that most of
them had acquired mutation at BCR-ABL kinase domain.

In conclusion, Imatinib was highly effective in CML-CP. For advanced stages, higher doses
of imatinib or combination with other drugs are needed to improve response and prevent
leukemic progression to improve survival. Sequential monitoring of cytogenetic and molecular
anaysis is helpful in clinical decision-making. (The result was presented at the annual meeting
of the Tawan Society of Hematology, March 26, 2005 and manuscript in preparation for
submission)



1. Introduction

Chronic myelogenous leukemia (CML) is a clona disorder of hematopoietic stem cell
characterized by t(9;22), which results in fusion of becr and abl proto-oncogenes and expression
of BCR-ABL chimeric protein with abnormal tyrosine-kinase activity. Inhibition of this kinase
activity by STI571 (Glivec) resulted in 96% of hematological remission and 68% cytogenetic
remission in newly diagnosed CML. Molecular remission is possible in a few patients.
Quantification of t(9;22) carrying cells can be achieved by rea-time quantitative RT-PCR
(RQ-PCR) assay that is highly sensitive for evaluating treatment response and minimal residual
disease (MRD). We had successfully developed one-step RQ-RT-PCR method that integrated
RT and PCR reaction in single tube. The assay can detect one abnormal CML cells among 10°
normal cells (5-log sensitivity). Amplification of GAPDH control gene was done in separate
reaction. Since each PCR reaction has its own kinetics, separate PCR assay for target and
control genes can potentially result in inaccurate quantification. Multiplex PCR can further
minimize the laboratory procedure and increase the assay accuracy. Whether multiplex
RQ-RT-PCR can be applied in detecting MRD in CML has not yet been reported in the
literature.

2.  Objectives

The goa of this project is to develop a novel multiplex real-time RT-PCR method to
co-amplify the BCR-ABL fusion mRNA and a housekeeping gene (as internal control) as
therapeutic monitoring of molecular response to Glivec treatment in CML patients.

The specific amsinclude:

1) Establishment of optima condition for multiplex RQ-RT-PCR that can be used for
sensitive and accurate quantification of rare targets (such as BCR-ABL in CML) when
co-amplification is performed for a relative abundant control gene (such as GAPDH or
cyclophilin).

2) Sequential monitoring of molecular response and quantification of MRD by this
multiplex RQ-PCR in CML patients after Glivec treatment.

3. Patientsand Methods:

Between June 2001 and October 2004, atotal of 102 CML patients had been treated with
Imatinib in NTUH, including 49 patients in chronic phase (CP), 30 in accelerated phase (AP),
and 23 in blastic phase (BC). Fifty-two were mae and 50 female and the median age was 40
years old (ranges 3-80). The median interval from diagnosis to Imatinib treatment was 16
months (0-120) and median Imatinib duration 19.4 months (1-45). Since July 2004, most
patients received Imatinib as first-line drug in early chronic phase. PB or BM samples were
collected every 3-4 months to monitor the molecular responses after Glivec treatment.
Chromosomal or FISH anaysis was performed whenever indicated to assess cytogenetics
responses. Bone marrow or PBSC mononuclear cells was isolated by Ficoll-Hypaque and lyzed
with Trizol-B and stored at -70°C until used for RNA extraction by standard procedure as
described previously.

The design of real-time multiplex RT-PCR was shown as bellows.



Design of Real-time Multiplex RT-PCR

Sequential BM or PB MNC in Zol-B at -70C

RNA extraction

rTth Polymerase
3-ABL, GAPDH primer, 60 C, 30 min

Tagman EZ RT-PCR  ¢DNA

One-step-single tube rTth Polymerase
1 BCR/ABL, GAPDH primers
62 C, 1 min, 50 cycles
One-step RT-PCR in single tube

Real-time detection of fluorescent product

K-562 leukemia cell line was used as BCR-ABL expression standard for establishment
of standard curve for each experiment of MRQ-PCR. GAPDH housekeeping gene was used as
internal control of RNA integrity and normalization of loading RNA amount. Although GAPDH
has 56 pseudogenes in human genome, it does not interfere with the measurement of loaded
total cellular RNA (1,000ng for each sample).

The PCR primers are listed at below for amplification of BCR-ABL and GAPDH.
Tablel Nucleotide sequences of PCR primers and probes

Gene Primer Sequences
BCR-ABL Sense CATTCCGCTGACCATCAATA

Anti-sense  TCCAGCGAGAAGGTTTTCCT

Probe am-TCAGCGGCCAGTAGCATCTGACT T-tamra
GAPDH Forward GAAGGTGAAGGTCGGAGT

Reverse GAAGATGGTGATGGGATTTC

Probe 10e-CAAGCTTCCCGTTCTCAGCC-1amrA

One step multiplex quantitative RT-PCR reaction was used to detect the expression of
BCR-ABL and GAPDH in the same reaction tube on the ABI Prism 7700 Sequence Detection
System (Applied Biosystems, CA). One ug of total RNA was applied in a final volume of 501
with TagMan EZ RT-PCR reaction mixture which contained 1x TagMan buffer, 3mM Mn(OAcC),,
0.3uM of each d(A,T,C)TP, 0.6uM dUTP, 0.01 units of AmpEraseUNG, 0.lunits of rTth, 0.2uM
each primer, and 0.1uM each probe. RT-PCR program started with 2 min incubation at 50°C for
UNG activation followed by 30 min at 60°C for reverse transcription synthesis of cDNA. The
temperature was elevated to 95°C for 5 minutes to inactivate UNG, then proceed for 40 cycles
of PCR reaction consisting of 94°C denaturing for 15s and 60°C annealing/extension for 1 min.
All experiments were done in duplicates and including no-template control and negative control
RNA to prevent PCR carryover. Fluorescence spectra were continuing monitored and analyzed
by 7700 with detection software version 1.6. If results showed any discrepancies, data were
repeated or excluded. K562 RNA was used as the standard in this study and the ratio of
WT1/GAPDH was calcul ated.



® Definition and Interpretation of MRQ-PCR Results
1. Sengitivity:
Since the variation of Cy value increase dramatically after PCR cycle 36-37 that correspond
to input K562 RNA of 0.1-0.01ng, the sensitivity for BCR-ABL MRD in k562 = 0.001/1000
= 10°. For practical purpose of MRD monitoring in AML patients, a sensitivity of > 10
should be fulfilled. So, we will define WT1 overexpression as WT1 expression at diagnosis >
10 level of K562 after normalization of GAPDH housekeeping gene.
2. MRD estimation by standard curve method:?
For each sample, the amount of WT1 and GAPDH level is determined from the standard
curve generated from k562 cell at each experiment. Assuming there was 100% leukemic cells
at diagnosis bone marrow, the MRD value was calculated as.

MRD = (BCR-ABLx / GAPDHy )/ ( BCR-ABLpx / GAPDHpx )

4. Resultsand Discussions:

1) Sensitivity and accuracy of BCR-ABL mRNA measurement by multiplex RQ-PCR in K562
cell line:

First, we establish the standard curve by serial 10-fold dilution of K562 total RNA from
1,000ng to 0.1ng and co-amplify BCR-ABL and GAPDH at the same reaction. As shownin
Fig. 1, the Cr.value was inversely correlated with log (input K562 RNA amount) and the
sensitivity of accurate quantitation was a the level of 0.0lng (10®). There was good
intracassay between duplicate sample results and inter-assay reproducibility between
separate experiments.

@ (b)
Quantitative Real-time RT-PCR: Quantitative Real -time RT-PCR:
C; vs. Concentration (BCR-ABL) C; vs. Concentration (GAPDH)
y =2.7522x + 18.699
:Z o y= 4.3?5143(9; 21.141 CT r=0.99
35
30
25
-Log [Ct]/[CO]

20 h )

0 1 2 3 4 5

-Log [CtJ/[CO]

Fig.1 Standard curve of BCR-ABL (a) and interna control GAPDH (b) by MRQ-PCR in K562
leukemia cell line (10 experiments)

2) Imatinib treatment response as evaluated by hematological, cytogenetic and molecular
assays.

The treatment response to Imatinib was associated with disease status. (Table 2) Complete
hematological remission (CHR) was achieved in 48/49 (98%) patients in chronic phase (CP),
but in 70% of accelerated phase (AP) and 35% of blastic crisis (BC). Cytogenetic response



was evaluable in 56 patients and maor response (complete + partial) was achieved in 70%
of CP, 58% of AP and 75% of BC. However, progression of CML occurred in 38 (37%)
patients and currently 27 have died of leukemia. Thisresult could be related to long-standing
disease before use of Glivec.

3) Molecular response after Imatinib treatment:

Asof Dec. 31, 2004, 88 patients had been treated with Imatinib for longer than 6 months and
were eligible for molecular response (Table 2). Using MRQ-PCR, the best molecular
response was categorized between 3 groups. 0-2 (poor response indicating drug resistance),
2-3 (equal to cytogenetic remission) and <3 (molecular remission) log reduction of MRD.
The kinetic changes of MRD for these 88 patients were plotted in Fig.2.

LOG-MRD level (normalized BCR-ABL/GAPDH ratio)
compared to k562 cells

Acquired
resistance
|

i
Cytogenetic
remission

Molecular
remission

©) 0 6 12 18 24 30 36 months

Fig. 2 Kinetic of minimal residual disease (MRD) measured by MRQ-PCR in 88 CML
patients after Imatinib treatment.

4)  Correlation of molecular response with leukemic progression and survival:

With a median follow-up of 24 months, the leukemic progression-free surviva (PFS) was
69+5% at 1 year, 61+6% at 2 years, and 53+7% at 3 years. The PFS was correlated with
leukemia status, hematological response, cytogenetic response, and molecular response. The
probability of PFS at 3 years was 93+5% for CP patients, 51+10% for AP patients, and only
4+4% for BC patients (p<0.001 by log rank method). The PFS was 72+7% for CHR, 11+10%
for PHR and 0% for regractory patients (p<0.001). For CP and AP patients, the PFS was 93+5%
if CCyR achieved as contrasted with 53+12% PFS if no cytogenetic remission (p=0.008).

For 33 patients treated at CP/AP stages and could achieved MRD < -2.0log reductionas
measured by MRQ-PCR, none of them had leukemia progressed (Fig.3a). By contrast, 14 of 39
patients with MRD >-2.0log had progressed (p=0.001). Molecular response was not correlated
with PFS for patients treated at blastic stage (Fig. 3b). Sequencing analysis showed that many of
them had acquired BCR-ABL kinase domain mutation (data not shown).

The probability of survival after Glivec treatment was 79+4% at 1 year, 73+5% at 2 years,
and 68+6% at 3 years. The overal survival (OS) was also correlated with leukemia status,
hematologica response, cytogenetic response, and molecular response (Fig. 4). The probability
of OS at 3 years was 100% for CP patients, 72+10% for AP patients, and only 15+8% for BC



patients (p<0.001 by log rank method). The OS was 84+6% for CHR, 19+16% for PHR and 8
+8% for regractory patients (p<0.001). For all patients, the OS was 85+6% if CCyR achieved as
contrasted with 62+11% PFS if no cytogenetic remission (p=0.076). The probability of OS was
89 +11% for patients had MRD <-3.0log, 87 +7% for MRD between -2-3log reduction and 55
+10% for MRD >-2.0log (p=0.027).
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Fig. 3 Probability of progression-free survival in CP+ AP (a) and BC (b).
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Fig. 4 Probability of overall survival as correlated with leukemia status (a), cytogenetic response
(b) and molecular response (C).



5) Conclusion

Imatinib was highly effective in CML-CP. For advanced stages, higher doses of imatinib or
combination with other drugs are needed to improve response and prevent leukemic progression
to improve survival. Sequential monitoring of cytogenetic and molecular analysis is helpful in
clinical decision-making. (The result was presented at the annual meeting of the Taiwan Society
of Hematology, March 26, 2005 and manuscript in preparation for submission)



