Acute Myeloid Leukemia

Clinical characteristics and prognosis of acute myeloid leukemia
associated with DNA-methylation regulatory gene mutations

Takeshi Ryotokuji,** Hiroki Yamaguchi,** Toshimitsu Ueki,? Kensuke Usuki,? Saiko Kurosawa,* Yutaka Kobayashi, Eri
Kawata,® Kenji Tajika,® Seiji Gomi,® Junya Kanda,” Anna Kobayashi,* lkuko Omori,* Atsushi Marumo,* Yusuke Fujiwara,*
Shunsuke Yui,* Kazuki Terada,* Keiko Fukunaga,* Tsuneaki Hirakawa,* Kunihito Arai,* Tomoaki Kitano,* Fumiko
Kosaka,* Hayato Tamai,* Kazutaka Nakayama,* Satoshi Wakita,* Takahiro Fukuda,* and Koiti Inokuchi?

1Department of Hematology, Nippon Medical School, Tokyo; 2Department of Hematology, Nagano Red Cross Hospital; 3Department of
Hematology, NTT Medical Center Tokyo; “Department of Hematopoietic Stem Cell Transplantation, National Cancer Center Hospital, Tokyo;
5Department of Hematology, Japanese Red Cross Kyoto Daini Hospital; 6Department of Hematology, Yokohama Minami Kyousai Hospital,
Kanagawa; and "Division of Hematology, Saitama Medical Center Jichi Medical University, Japan

*TR and HY contributed equally to this work

©2016 Ferrata Storti Foundation. This is an open-access paper. doi:10.3324/haematol.2016.143073

Received: January 23, 2016.

Accepted: May 30, 2016.

Pre-published: May 31, 2016.
Correspondence: y-hiroki@fd6.s0-net.ne.jp




Supplemental Table 1. Clinical characteristics of AML patients by cytogenetics
Cytogenetic risk group

Favorable Intermediate Adverse
n=60 % n=184 % n=51 %
Age
Mean (y/o) 51.0 53.2 58.4
Range (y/o) 23-80 17-86 17-81
Sex
Male 44 73.3% 96 52.2% 32 62.7%
Female 16 26.6% 88 47.8% 19 37.3%
WBC
Mean (/pl) 19000 69500 51100
Range (/ul) 900-200300 300-677000 1000-371000
FAB classification
MO 0 0.0% 13 7.1% 2 3.9%
M1 3 5.0% 54 29.3% 12 23.5%
M2 43 71.7% 55 29.9% 15 29.4%
M4 2 3.3% 32 17.4% 5 9.8%
M4e 12 20.0% 0 0.0% 0 0.0%
M5 0 0.0% 23 12.5% 9 17.6%
M6 0 0.0% 1 0.5% 6 11.8%
M7 0 0.0% 0 0.0% 1 2.0%
Not determined 0 0.0% 6 3.3% 1 2.0%
Stem cell transplantation
1st CR 4 6.7% 27 14.7% 5 9.8%
2nd CR 7 11.7% 6 3.3% 0 0.0%
23rd CR or on disease 4 6.7% 21 11.4% 9 17.6%

CR: complete remission



Supplemental Table 2. Frequency of gene mutation, and correlation between cytogenetic prognosis and each mutations.
Cytogenetic risk group

AII Favorable Intermediate Adverse
n=308 % n=60 % n=184 % n=51 %
Gene mutation
NPM1 88 28.6% 0 0.0% 83 45.1% 2 3.9%
DNMT3A 71 23.1% 1 1.7% 62 33.7% 6 11.8%
FLT3-ITD 65 21.1% 5 8.3% 55 29.9% 3 5.9%
TET2 57 18.5% 2 3.3% 42 22.8% 10 19.6%
NRAS 46 14.9% 11 18.3% 20 10.9% 14 27.5%
RUNX1 38 12.3% 5 8.3% 24 13.0% 8 15.7%
CEBPA 30 9.7% 0 0.0% 26 14.1% 2 3.9%
CEBPA dm 15 4.9% 0 0.0% 14 7.6% 0 0.0%
TP53 28 9.1% 2 3.3% 9 4,9% 13 25.5%
IDH2 28 9.1% 0 0.0% 23 12.5% 3 5.9%
WT1 27 8.8% 2 3.3% 16 8.7% 7 13.7%
KMT2A-PTD 22 7.1% 0 0.0% 16 8.7% 6 11.8%
PTPN11 20 6.5% 0 0.0% 15 8.2% 4 7.8%
FLT3-TKD 19 6.2% 1 1.7% 16 8.7% 2 3.9%
IDH1 17 5.5% 1 1.7% 14 7.6% 1 2.0%
KIT 15 4.9% 12 20.0% 2 1.1% 1 2.0%
GATA?2 15 4.9% 0 0.0% 9 4.9% 6 11.8%




Supplemental Table 3.

Clinical characteristics of AML patients with DMRGM

IDH1 IDH2 DNMT3A TET2
n=17 % p value n=28 % p value n=71 % p value n=57 % p value
Age
Mean (y/o) 598 0.1382 580 0.1766 555 0.4141 635 <0.0001
Range (y/o) 35-73 18-78 21-79 38-79
Sex
0, 0, 0, 0,
Male 8 47.1% 0.3232 15 53.6% 0.5538 40 56.3% 0.6809 33 57.9% 0.8827
Female 9 52.9% 13 46.4% 31 43.7% 24 42.1%
WBC
Mean (/pl) 46400 67200 86600 80700
0.6294 0.5602 0.0028 0.0389
Range (/ul) 300-194100 600-470500 300-677000 1000-425800
Cytogenetic Risk group
Favorable 1 5.9% 0 0.0% 1 1.4% 2 3.5%
i 0, 0, 0, 0,
Intermediate 14 82.3% 0.2032 23 82.1% 0.0199 62 87.3% <0.0001 42 73.7% 0.0087
Adverse 1 5.9% 3 10.7% 6 8.5% 10 17.5%
Unknown 1 5.9% 2 7.1% 2 2.8% 3 5.3%
FAB classification
MO 0 0.0%  0.6103 3 10.7%  0.1926 4 5.6%  1.0000 1 1.8%  0.2144
M1 6 35.3%  0.3810 11 39.3%  0.0649 16 22.5%  0.7541 22 38.6%  0.0096
M2 9 52.9%  0.2005 5 17.9% 0.0253 16 22.5% 0.0033 17 29.8% 0.2261
M4 1 5.9%  0.7081 6 21.4% 0.2314 15 21.1%  0.0265 5 8.8%  0.3846
M4e 0 0.0%  1.0000 0 0.0%  0.6107 0 0.0%  0.0751 0 0.0% 0.1324
M5 1 5.9%  1.0000 2 71%  0.7515 15 21.1% 0.0034 10 17.5%  0.0931
M6 0 0.0%  1.0000 0 0.0%  1.0000 2 28%  0.6634 0 0.0%  0.3560
M7 0 0.0%  1.0000 0 0.0%  1.0000 1 1.4%  0.2305 0 0.0%  1.0000
not determined 0 0.0%  1.0000 1 3.6% 05378 2 28%  1.0000 2 3.5%  0.6440
Stem cell transplantation
1st CR 0 0.0%  0.2396 3 10.7%  1.0000 10 14.1% 0.5363 5 8.6%  0.5029
2nd CR 1 59%  0.5292 1 3.6%  1.0000 2 28%  0.7395 0 0.0%  0.1368
23rd CR or on disease 2 11.8%  1.0000 2 7.1%  0.7559 8 11.3%  1.0000 4 6.9%  0.2624

CR: complete remission



Supplemental Table 4. Relationship among the each mutations with EMRGM

Favorable risk 60 1 0.2458 | 0.2107 0 0.0639 0.00 0.04 0.000 0 0 0.000 4 0.0638 0.000

Intermediate risk | 184 14 3.3220 | 0.0727

Adverse risk 51 1 0.3013 | 0.3241 3 0.5800 | 0.5930 6 0.3938 | 0.0442 10 1.0900 | 0.8441 16 0.5301 | 0.0633

NPM1 88 8 2.3440 | 0.0988 12 2.0130 | 0.1222

DNMT3A 71 7 2.4830 | 0.0788 16 1.3910 | 0.3834

FLT3-ITD 65 2 0.4825 | 0.5406 6 1.0220 | 1.0000

TET2 57 0 0.116 0.049 0.148 0.0380 16 1.3910 | 0.3834

NRAS 46 1 0.3417 | 0.4843 4 0.9444 | 1.0000 0.36 0.0364 0.268 0.0229 0.3498 0.00

RUNX1 38 3 1.5670 | 0.4508 4 1.2060 | 0.7623 6 0.5913 | 0.3082 6 0.8051 | 0.8240 14 0.7183 | 0.3870

CEBPA 30 2 1.2520 | 0.6755 1 0.3206 | 0.4983 3 0.3431 | 0.1076 13 0.9778 | 1.0000

CEBPA dm 15 1 1.2370 | 0.5820 0 0.3005 | 0.3768 0 0.1004 0.026 2 0.6657 | 1.0000 3 0.3049 | 0.0651

TP53 28 1 0.6111 | 1.0000 3 1.2240 | 0.7295 8 1.3780 | 0.4827 3 0.5022 | 0.3195 9 0.5789 | 0.2326

IDH2 28 1 0.6111 | 1.0000 0.148 0.0380

WT1 27 1 0.6370 | 1.0000 1 0.3618 | 0.4889 2 0.2458 | 0.0535 3 0.5255 | 0.4371 6 0.336 0.024

KMT2A-PTD 22 2 1.8070 | 0.3468 1 0.4568 | 0.7056 7 1.6190 | 0.3021 7 2.2030 | 0.1481 13 1.9420 | 0.1804

PTPN11 20 2 2.0220 | 0.3039 2 1.1200 | 0.7010 5 1.5130 | 0.3878

FLT3-TKD 19 1 0.9479 | 1.0000 2 1.1900 | 0.6867 4 1.1870 | 0.7617 12 2.3140 | 0.0964

IDH1 17 1 0.6111 | 1.0000 7 2.4830 | 0.0788 0 0.116 0.049

KIT 15 0 0.5097 | 1.0000 0 0.3005 | 0.3768 1 0.2276 | 0.2054 3 1.1060 | 0.7454 3 0.3049 | 0.0651

GATA2 15 1 1.2370 | 0.5820 0 0.3005 | 0.3768 2 0.4994 | 0.5336 1 0.3023 | 0.3200 4 0.4970 | 0.1932
number|odds ratio| p value |number|odds ratio| p value [number|odds ratio| p value [number|odds ratio| p value |[number|odds ratio| p value

IDH1 n=17 IDH2 n=28 DNMT3A n=71 TET2 n=57 DMRGM n=135

_ Red color means that the each mutations are coexistant strongly. p<0.0500

Pink color means that the each mutations are coexistant. 0.0500 <p<0.1000
Light blue color means that the each mutations are exclusive. 0.0500 <p<0.1000
Blue color means that the each mutations are exclusive strongly. p<0.0500




Supplemental Table 5. Prognostic factor analysis based on univariate analysis

Age<70, Intermediate cytogenetic risk

All patients .
and FLT3-ITD negative

5y OS p value 5y RFS p value 5y OS p value 5y RFS  p value

All Case 34.8% - 32.0% - 38.8% - 41.3% -

Age > 70 years 0.0% < 0.0001 20.4% 0.0667 - - - -

Favorable cytogenetic risk 64.0% 42.1% - - - -

Intermediate cytogenetic risk  30.5% <0.0001 31.9% 0.0210 - - - -

Adverse cytogenetic risk 12.7% 10.2% - - - -

SCT(1stCR or 2ndCR) 71.7%  <0.0001 - - 67.7% 0.0283 - -
SCT(1stCR) 66.3% 0.0005 73.8% < 0.0001 69.8% 0.0459 80.0% 0.0008
DMRGM1-3 23.2% 0.0018 23.8% 0.1823 31.7% 0.0409 40.2% 0.8649
DMRGM2-3 19.5% < 0.0001 20.9% 0.0244 32.7% 0.0189 23.6% 0.2041
NPM1 27.0% 0.2312 24.9% 0.1791 36.5% 0.6146 34.4% 0.7447
DNMT3A 27.0% 0.0017 28.5% 0.2300 35.2% 0.0395 38.4% 0.7062

FLT3-ITD 17.5% <0.0001 13.7% <0.0001 - - - -
TET2 14.0% 0.0043 9.2% 0.0219 32.6% 0.7231 28.7% 0.8518
NRAS 42.4% 0.1775 62.5% 0.0142 43.2% 0.8808 85.7% 0.0674
RUNX1 15.9% 0.7986 19.7% 0.8665 0.0% 0.7612 66.7% 0.7315
CEBPA 40.8% 0.2263 44.3% 0.1652 49.2% 0.1780 55.8% 0.1404
CEBPA dm 66.8% 0.0282 61.2% 0.1081 62.3% 0.1314 66.8% 0.1786
TP53 8.7% <0.0001 0.0% 0.0011 28.6% 0.0957 0.0% 0.0068
IDH2 37.1% 0.4283 41.1% 0.8313 38.5% 0.0883 51.9% 0.9592
WT1 29.1% 0.8186 24.8% 0.4709 20.0% 0.3081 20.0% 0.0836
KMT2A-PTD 13.4% 0.0152 22.6% 0.0781 53.3% 0.7502 62.5% 0.6587
PTPN11 53.3% 0.5177 46.2% 0.1549 56.3% 0.7052 56.3% 0.2974
FLT3-TKD 24.6% 0.6154 36.7% 0.9242 55.6% 0.8011 42.9% 0.5859
IDH1 0.0% 0.3013 0.0% 0.4301 0.0% 0.3167 22.2% 0.4379
KIT 64.2% 0.1289 22.3% 0.8116 100.0% 0.3036 0.0% 0.8974
GATA2 31.9% 0.6784 26.8% 0.4802 66.7% 0.5078 80.0% 0.6117

5y: 5 years, OS: overall survival, RFS: relapse free survival, SCT: stem cell transplantation, CR: complete remission



Supplemental Figure 1. Frequency of analyzed genetic mutations in the de novo AML cohort.

Blue represents favorable cytogenetic risk, green represents intermediate cytogenetic risk, and red represents poor cytogenetic risk.
Many of the mutations were detected in the intermediate cytogenetic risk group. Gene mutations with an incidence of 3% or less were
excluded from further analysis as they were not sufficiently frequent to be studied as prognostic factors.
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Supplemental Figure 2. DMRGM combination and prognosis

A: Overall survival rate for all cases. B: Relapse-free survival rate for all cases.
HR: Hazard ratio.
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