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Molecular subtypes of NPM1 mutations have different clinical profiles, specific
patterns of accompanying molecular mutations and varying outcome in intermediate

risk acute myeloid leukemia

Material and Methods

Patients

During the period from August 2005 to December 2012 a total of 2,859 adult newly
diagnosed AML were analyzed at the MLL Munich Leukemia Laboratory by cytomorphology,
molecular genetics, and cytogenetics in parallel. 877 (30.7%) out of these were NPM1
mutated. Out of these 806 samples were de novo AML with intermediate risk karyotypes.*
We selected 660 cases with sufficient sample material available for further molecular

analyses for this study.

Patients gave informed consent to the genetic analysis and to the use of laboratory results
for research. The study was approved by the Internal Review Board and adhered to the

tenets of the Declaration of Helsinki.

Molecular genetics

All 2,859 cases were analyzed for NPM1 mutations by melting curve analysis. In all 877
mutated cases the resulting product of the melting curve analysis was subsequently
analyzed by Sanger sequencing.? Positions of NPM1 mutations were labelled according to
transcript ID ENST00000296930.

In all 660 included cases the following genes were investigated for mutations in: CEBPA,
CBL, DNMT3A, FLT3-ITD, FLT3-TKD, IDH1R132 IDH2R140, IDH2R172, MLL-PTD, and
WTL1. Analyses were performed by a combination of gene scan analysis, melting curve
analysis, quantitative real time PCR, Sanger sequencing, or next generation sequencing.310
FLT3-ITD was evaluated as mutation per se and in addition, according to the mutation load

which was calculated as the ratio of the mutation compared to the wildtype allele.'



Cytomorphology

Bone marrow and/or peripheral blood smears were investigated in all 660 cases by May
Grinwald Giemsa staining, combined in all cases with myeloperoxidase and non-specific
esterase.'? All cases were classified according to WHO and subclassified according to the

FAB classification.1314

Cytogenetics

Chromosome banding analysis was performed in all 660 patients and was combined with
fluorescence in situ hybridization (FISH) if needed for clarification.'®> All cases were classified

according to refined MRC criteria and assigned to the intermediate risk karyotype group.!

Statistical Analysis

For comparison of NPM1 types the following groups were considered: 1) type A; 2) “rare
types” comprising all non-type A types, 3) types B, 4) types D, and 5) “remaining types”
comprising all types non A, B, and D. Statistical analyses were performed using SPSS
version 19.0.0 (IBM Corporation, Armonk, NY). All p-values reported are two-sided,
accepting p=0.05 as indicating a statistically significant difference and not adjusting for
multiple testing. Dichotomous variables were compared between different groups using the
y2-test or Fisher’s exact test and continuous variables by Student’s T-test. Survival analyses
were evaluated for all patients with intensive treatment regimes according to standard
protocols.*® Survival curves were calculated for overall survival (OS), event-free survival
(EFS), and overall survival censoring the patients on the day of allogeneic stem cell
transplantation (OS™cens) according to Kaplan-Meier and compared using the two-sided log
rank test. OS was defined as the time from diagnosis to last follow-up or death. EFS was
defined as the time from diagnosis to failure (persistent leukemia, relapse, death) or last
follow-up, and OS™cens was calculated from diagnosis to either day of transplantation, last
follow-up or death. In addition Cox regression analysis was performed for OS, EFS, and
OSTxeens with different parameters as covariates. Parameters which were significant in

univariate analysis were included in multivariate analysis.



Results
Patient characteristics

In addition to differences in age, patients with type A showed higher WBC than the “rare
types” combined (64 vs 51; p=0.043) and the “remaining types” (64 vs 45; p=0.007) in
particular. Comparing type A vs type D cases showed a trend to higher WBC (64 vs 48;
p=0.057) for type A cases. No other differences were seen in respect to WBC. Hemaoglobin

levels and platelet counts did not differ between any of the types (table 1).

Cytomorphology

Subdividing the 660 NPM1 mutated cases by FAB classification, this resulted in 6 MO (1%),
239 M1 (36%), 166 M2 (25%), 197 M4 (30%), 40 M5 (6%), 11 M6 (2%), and a single case
classified as M7.14 Distribution of FAB classification subtypes did not differ between type A
and “rare type” patients except for M4, which were more frequent in type A than in “rare
types” (32% vs 24%; p=0.042). No differences in M4 frequencies were seen between the
other NPM1 types. In addition, frequency of M2 was higher in type B (36%) than in type A
(23%; p=0.028) and “remaining types” cases (24%; p=0.030; table 1)

Cytogenetics

A normal karyotype was seen in 570 (86%) cases, whereas 90 (14%) showed aberrant
karyotypes. Most frequent aberrations were trisomy 8 in 27 (4%) of the cases and trisomy 4
in 11 (2%). Loss of chromosome Y in males was more frequent in type D than in all other
types (12% vs 4%, p=0.039). This effect might be due to the fact that type D patients were

older than other types. No further differences were observed.

Data on FLT3-ITD

As it is known that not only the mutation of FLT3-ITD is relevant for prognosis, but the FLT3-
ITD/wildtype ratio we evaluated our data in addition to the mutation per se according to the
mutation load.'”'® Using a threshold of 0.5 to separate patients with either no mutation or low
mutation load from those patients harboring high mutation loads of FLT3-ITD we found 188
out of the 270 mutated patients to be in the high mutation load group. Evaluating the
prognostic impact we not only confirmed all data of the mutation per se, but also showed the
group of high load mutation patients being not only a significant but even highly significant
worse independent prognostic parameter in multivariate Cox regression analysis (OS:
p<0.001; Hazard Ratio (HR)= 1.7; EFS: p=0.002; HR=1.5; OST*¢e"s: p<0.001; HR=1.8).



Reference List

Grimwade D, Hills RK, Moorman AV, et al. Refinement of cytogenetic classification in
acute myeloid leukemia: determination of prognostic significance of rare recurring
chromosomal abnormalities among 5876 younger adult patients treated in the United

Kingdom Medical Research Council trials. Blood. 2010;116(3):354-365.

Schnittger S, Schoch C, Kern W, et al. Nucleophosmin gene mutations are predictors of
favorable prognosis in acute myelogenous leukemia with a normal karyotype. Blood.

2005;106(12):3733-3739.

Schnittger S, Bacher U, Eder C, et al. A copy number repeat polymorphism in the
transactivation domain of the CEPBA gene is possibly associated with a protective
effect against acquired CEBPA mutations: an analysis in 1135 patients with AML and

187 healthy controls. Exp Hematol. 2011;39(1):87-94.

Grossmann V, Schnittger S, Schindela S, et al. Strategy for robust detection of
insertions, deletions, and point mutations in CEBPA, a GC-rich content gene, using 454

next-generation deep-sequencing technology. J Mol Diagn. 2011;13(2):129-136.

Bacher U, Haferlach C, Schnittger S, et al. Mutations of the TET2 and CBL genes:

novel molecular markers in myeloid malignancies. Ann Hematol. 2010;89(7):643-652.

Roller A, Grossmann V, Bacher U, et al. Landmark analysis of DNMT3A mutations in

hematological malignancies. Leukemia. 2013;27(7):1573-1578.

Bacher U, Haferlach C, Kern W, Haferlach T, Schnittger S. Prognostic relevance of
FLT3-TKD mutations in AML: the combination matters--an analysis of 3082 patients.

Blood. 2008;111(5):2527-2537.

Fasan A, Haferlach C, Alpermann T, et al. The role of different genetic subtypes of

CEBPA mutated AML. Leukemia. 2014;28(4):794-803.



10.

11.

12.

13.

14.

15.

16.

Schnittger S, Haferlach C, Ulke M, et al. IDH1 mutations are detected in 6.6% of 1414
AML patients and are associated with intermediate risk karyotype and unfavorable
prognosis in adults younger than 60 years and unmutated NPM1 status. Blood.

2010;116(25):5486-5496.

Weisser M, Kern W, Schoch C, et al. Risk assessment by monitoring expression levels
of partial tandem duplications in the MLL gene in acute myeloid leukemia during

therapy. Haematologica. 2005;90(7):881-889.

Schnittger S, Bacher U, Kern W, et al. Prognostic impact of FLT3-ITD load in NPM1

mutated acute myeloid leukemia. Leukemia. 2011;25(8):1297-1304.

Loffler H, Rastetter J, Haferlach T. Atlas of Clinical Hematology, 6 ed. Heidelberg:

Springer, 2010.

Swerdlow SH, Campo E, Harris NL, Jaffe ES, Pileri SA, Stein H et al. WHO
Classification of Tumours of Haematopoietic and Lymphoid Tissues, 4th ed. Lyon:

International Agency for Research on Cancer (IARC), 2008.

Bennett JM, Catovsky D, Daniel MT, et al. Proposed revised criteria for the
classification of acute myeloid leukemia. A report of the French-American-British

Cooperative Group. Ann Intern Med. 1985;103(4):620-625.

Schoch C, Schnittger S, Bursch S, et al. Comparison of chromosome banding analysis,
interphase- and hypermetaphase-FISH, qualitative and quantitative PCR for diagnosis
and for follow-up in chronic myeloid leukemia: a study on 350 cases. Leukemia.

2002;16(1):53-59.

Bichner T, Schlenk RF, Schaich M, et al. Acute Myeloid Leukemia (AML): Different
Treatment Strategies Versus a Common Standard Arm--Combined Prospective

Analysis by the German AML Intergroup. J Clin Oncol. 2012;30(29):3604-3610.



17.

18.

Thiede C, Steudel C, Mohr B, et al. Analysis of FLT3-activating mutations in 979
patients with acute myelogenous leukemia: association with FAB subtypes and

identification of subgroups with poor prognosis. Blood. 2002;99(12):4326-4335.

Gale RE, Green CL, Allen C, et al. The impact of FLT3 internal tandem duplication
mutant level, number, size, and interaction with NPM1 mutations in a large cohort of

young adult patients with acute myeloid leukemia. Blood. 2008;111(5):2776-2784.



Supplemental Tables

Supplemental Table 1:
NPM1 Subtypes, sequences, and frequencies. Positions according to transcript ID
ENST00000296930

NPM1 Type Sequence Number of cases | Frequency (%)
A €.863_864dupTCTG 458 69,4
B €.863_864insCATG 72 10,9
D €.863_864insCCTG 51 7.7

I €.863 864insCTTG 15 2,3
J €.863_864insCCGG 7 11
K €.863_864insCCAG 7 11
ZE €.863_864insTCAG 5 0,8
€.863_864insCAGG 3 0,5
€.867_868insSAGGA 3 0,5
€.863_864insTCGG 3 0,5
€.863_864insTATG 3 0,5

ZA €.863_864insTAGG 2 0,3
ZN €.863_864insCTCG 2 0,3
Z0 €.867_868inSAGAA 2 0,3
C €.863_864insCGTG 1 0,2
o €.863_864insTAAG 1 0,2
v €.867_868insAGAT 1 0,2
X €.863_864insTTCC 1 0,2
Y €.863_864insCCGA 1 0,2
YA €.861_863delinsTTGTCTG 1 0,2
YB €.868_873delinsCGTCTTGGCC 1 0,2
YC €.869_873delinsCCCTCTCCC 1 0,2
YD €.867delinsAAGGA 1 0,2
YE €.867_868insAAGT 1 0,2
YG €.863_864insTCGT 1 0,2
YH €.863_864insTCAT 1 0,2
YJ €.863_864insTCGC 1 0,2
YR €.861_862insATTC 1 0,2
ZB €.863_864insTTCG 1 0,2
ZD €.867_868insAGGC 1 0,2
ZG €.868_871delinsCGGATGGC 1 0,2
Zl €.863_864insTGAC 1 0,2
Z) €.864_866delinsCAGTAAG 1 0,2
ZK €.863_864insCACG 1 0,2




ZL €.868_869delinsCGCCTT 1 0,2
M €.863_864insCAGA 1 0,2
ZP €.864_865delinsCAGTCG 1 0,2
ZQ €.863_864insTGCG 1 0,2
zZU €.867_875delinsGGGATAGCGATGC 1 0,2
ZX €.864_867delinsCACCACCT 1 0,2
zY €.863_864insTACG 1 0,2




Supplemental Table 2:

Survival analysis by Kaplan Meier method of NPM1 mutation types and molecular mutations

Overall survival

Event-free survival

Overall survivalTxcens

Parameter median in median in median in
n months p months p months p
Total Cohort 562 45.8 n.a. 14.6 n.a. 48.6 n.a
Type A 410 44.0 13.8 449
0.052 0.048 0.044
"rare types" 152 62.6 19.4 62.6
Type A 410 44.0 AvsB:ns.; A 13.8 449
n.s. between n.s. between
Type B 57 37.9 vs D: 0.051; B 18.6 23.8
types types
Type D 38 n.r. vs D: 0.090 14.4 n.r.
FLT3-ITD 233 19.8 9.3 18.1
<0.001 0.001 <0.001
no FLT3-ITD 329 62.2 18.7 62.2
DNMT3Amut 304 30.4 10.7 39.2
0.001 <0.001 0.001
DNMT3Awt 258 62.6 25.0 62.6
FLT3-ITD 170 16.9 7.3 14.8
0.001 <0.001 <0.001
no FLT3-ITD 240 62.2 17.9 62.2
Type A
DNMT3Amut 249 23.6 10.0 42.3
0.006 <0.001 0.045
DNMT3Awt 161 67.5 25.0 48.6
FLT3-ITD 26 23.8 11.7 18.6
n.s. n.s. n.s.
no FLT3-ITD 31 45.8 19.4 n.r.
Type B
DNMT3Amut 18 76.5 23.2 n.r.
n.s. n.s. n.s
DNMT3Awt 39 23.8 10.6 23.8




Type D

FLT3-ITD 14 n.r. 27.9 n.r.
n.s. n.s. n.s.
no FLT3-ITD 24 49.6 14.4 49.6
DNMT3Amut 16 32.5 7.6 n.r.
0.016 0.012 <0.001
DNMT3Awt 22 n.r. 31.0 14.3

n.a.: not applicable; n.s.: not significant; mut: mutated; wt: wild type




Supplemental Table 3:

Survival analysis by Cox regression analysis of clinical parameters, cytogenetics, NPM1 mutation types and molecular mutations (only those

genes being mutated in at least 5 cases were included).

Overall survival

Event-free survival

Overall survivalTxcens

Parameters univariable multivariate univariable multivariate univariable multivariate
D HR p |HR | p | HR ]| p HR D HR | p | HR

Clinical parameters

Gender n.s. n.s. n.s.

Age <0.001 | 1.41* | <0.001 | 1.39* | <0.001 | 1.28* | <0.001 | 1.26* | <0.001 | 1.59* | <0.001 | 1.55*

WBC x10°/L <0.001 | 1.07** | <0.001 | 1.05** [ <0.001 | 1.06** | <0.001 | 1.04** | <0.001 | 1.09** | <0.001 | 1.07**

Hb g/dL n.s. n.s. n.s.

PLT x10°/L n.s. n.s. n.s.

FAB classification n.s. n.s. n.s.

normal vs aberrant karyotype n.s. n.s. n.s.

NPM1 types

"rare types" vs type A 0.054 | 0.74 |n.a. 0.049 | 0.78 |n.a. 0.045 | 0.70 |n.a.

A vs B vs D vs "remaining types" | 0.047 | 0.94 |n.s. 0.030 | 0.95 |ns. 0.052 | 0.93 |n.s.

AvsBvsD 0.093 | 0.81 |n.a. n.s. n.s.

Molecular mutations

CBLmut n.s. n.s. n.s.

CEBPAmut n.s. n.s. n.s.

DNMT3Amut 0.001 | 1.57 |0.014 |1.44 |[<0.001| 1.60 |0.006 |1.42 0.001 | 1.61 |0.011 |1.55

FLT3-ITD <0.001| 1.63 |0.035 |(1.37 0.001 | 1.43 |0.039 |1.30 |[<0.001| 2.01 |0.005 |1.60

FLT3-TKD n.s. n.s. n.s.

IDH1R132 n.s. n.s. n.s.

IDH2R140 n.s. 0.026 | 0.70 | 0.016 | 0.64 n.s.

WT1mut n.s. n.s. n.s.

n.s.: not significant; *per 10 years of increase; **per 10x10%L; n.a.: not applicable




Overall Survival

Supplemental Figure 1 A-C:

Kaplan Meier analyses on A: Overall survival, B: Event-free survival, and C: Overall survival censored at the day of allogeneic stem cell transplantation
comparing type A (n=410), type B (n=57), and type D (n=38) patients.
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Overall Survival

Supplemental Figure 2 A-C.

Kaplan Meier analyses on prognostic impact of FLT3-ITD on overall survival within A: Type A, B: Type B, and C: Type D patients
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Overall Survival

Supplemental Figure 3 A-C.

Kaplan Meier analyses on prognostic impact of DNMT3A mutations on overall survival within A: Type A, B: Type B, and C: Type D patients
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