8. Eguchi M, Eguchi-Ishimae M, Tojo A, et al. Fusion of ETV6 to neuro-
trophin-3 receptor TRKC in acute myeloid leukemia with t(12;15)(p13;925).
Blood. 1999;93(4):1355-1363.

9. Knezevich SR, McFadden DE, Tao W, Lim JF, Sorensen PH. A novel ETV6-
NTRK3 gene fusion in congenital fibrosarcoma. Nat Genet. 1998;18(2):184-187.

10. Tognon C, Knezevich SR, Huntsman D, et al. Expression of the ETVé6-
NTRK3 gene fusion as a primary event in human secretory breast carci-
noma. Cancer Cell. 2002;2(5):367-376.

11. Wu G, Diaz AK, Paugh BS, et al. The genomic landscape of diffuse intrinsic
pontine glioma and pediatric non-brainstem high-grade glioma. Nat
Genet. 2014,46(5):444-450.

12. Roberts KG, Li Y, Payne-Turner D, et al. Targetable kinase-activating le-
sions in Ph-like acute lymphoblastic leukemia. N EnglJ Med. 2014;371(11):
1005-1015.

13. Taipale M, Krykbaeva I, Whitesell L, et al. Chaperones as thermodynamic
sensors of drug-target interactions reveal kinase inhibitor specificities in
living cells. Nat Biotechnol. 2013;31(7):630-637.

14. Li Z, Tognon CE, Godinho FJ, et al. ETV6-NTRK3 fusion oncogene initiates
breast cancer from committed mammary progenitors via activation of AP1
complex. Cancer Cell. 2007;12(6):542-558.

15. Rickert RC, Roes J, Rajewsky K. B lymphocyte-specific, Cre-mediated
mutagenesis in mice. Nucleic Acids Res. 1997;25(6):1317-1318.

16. Lannon CL, Sorensen PH. ETV6-NTRK3: a chimeric protein tyrosine kinase
with transformation activity in multiple cell lineages. Semin Cancer Biol.
2005;15(3):215-223.

") Check for updates

17. Khotskaya YB, Holla VR, Farago AF, Mills Shaw KR, Meric-Bernstam F,
Hong DS. Targeting TRK family proteins in cancer. Pharmacol Ther. 2017;
173:58-66.

18. Roberts KG, Yang YL, Payne-Turner D, et al. Oncogenic role and thera-
peutic targeting of ABL-class and JAK-STAT activating kinase alterations in
Ph-like ALL. Blood Adv. 2017;1(20):1657-1671.

19. GuTL, Popova L, Reeves C, et al. Phosphoproteomic analysis identifies the
MO0-91 cell line as a cellular model for the study of TEL-TRKC fusion-
associated leukemia. Leukemia. 2007;21(3):563-566.

20. Vaishnavi A, Capelletti M, Le AT, et al. Oncogenic and drug-
sensitive NTRK1 rearrangements in lung cancer. Nat Med. 2013;19(11):
1469-1472.

2

=

. Ardini E, Bosotti R, Borgia AL, et al. The TPM3-NTRK1 rearrangement
is a recurring event in colorectal carcinoma and is associated with
tumor sensitivity to TRKA kinase inhibition. Mol Oncol. 2014;8(8):
1495-1507.

22. Boulos N, Mulder HL, Calabrese CR, et al. Chemotherapeutic agents
circumvent emergence of dasatinib-resistant BCR-ABL kinase
mutations in a precise mouse model of Philadelphia chromosome-
positive acute lymphoblastic leukemia. Blood. 2011;117(13):
3585-3595.

23. Drilon A, Laetsch TW, Kummar S, et al. Efficacy of Larotrectinib in TRK
Fusion-Positive Cancers in Adults and Children. N Engl J Med. 2018;
378(8):731-739.

DOI 10.1182/blood-2018-05-849554
© 2018 by The American Society of Hematology

TO THE EDITOR:

Validation of the prognostic value of the knowledge bank
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Following the successful example of imatinib in chronic myeloid
leukemia, personalized oncology is often considered as the choice of
optimal targeted therapies fitted to the mutational landscape of the
cancer. However, this paradigm is far from being generalized, and
randomized clinical trials of other drugs have failed to demonstrate
major clinical improvement (if any) with this approach.’ However,
the generation of big data in medicine raises new hope for per-
sonalized therapy by integrating numerous clinical and biological
data to refine outcome prediction. A very promising demon-
stration of this “knowledge bank approach” recently came from
the study reported by Gerstung et al that was based on the
analysis of >1500 acute myeloid leukemia (AML) patients from 3
randomized clinical trials.* In this article, the authors demonstrated
the efficacy of their model to improve overall survival prediction
compared with current classifications. More interestingly, the
knowledge bank approach is able to predict the different causes
of mortality in AML patients (ie, nonremission death, relapse
death, nonrelapse death), as well as how allogeneic stem cell
transplantation (ASCT) might impact these probabilities for each
patient. As stated by the authors, the use of this scoring system
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might profoundly change patient care, especially with regard
to ASCT. However, although the accuracy of this prognostic
system has been confirmed for overall survival in an in-
dependent cohort from The Cancer Genome Atlas, the ability of
the algorithm to predict the different causes of mortality has yet to
be validated. Moreover, among the different caveats that might
challenge the relevance of this scoring system in real life, the
heterogeneity of high-throughput sequencing data generation
and analysis is a major concem. For example, the filtering strategy
used by Gerstung et al is only applicable in the context of a
centralized laboratory analyzing large cohorts of patients and
not for routine analysis.

To evaluate the potential of the knowledge bank approach in routine
clinical practice, we have studied a retrospective cohort of AML
patients who were treated with high-dose chemotherapy in a tertiary
care center. These patients were fully characterized at the time of
diagnosis at the clinical, biological, cytogenetic, and molecular levels.

Between 2005 and 2017, we identified 155 patients (71 women
and 84 men; median age, 56.5 years; range, 20-74 years) who
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Figure 1. ROC curves showing the performance of the knowledge bank ap-
proach and the ELN 2010 and ELN 2017 classifications to identify patients who
will die in the first 3 years after AML diagnosis.

received an induction therapy regimen for AML containing
cytarabine and anthracycline. ASCT was performed in 70 patients,
during the first complete remission (n = 54) or after relapse (n = 16).
The overall survival curve of the cohort estimated by the Kaplan-
Meier method was in the usual range of what is observed in AML
patients treated with intensive therapy (supplemental Figure 1,
available on the Blood Web site). The median follow-up of living
patients (n = 89 at the time of the study) was 27.9 months. The
Gerstung et al algorithm includes 10 clinical, 26 cytogenetic, and
58 molecular parameters. Given the retrospective nature of the
study, there were missing data (supplemental Figure 2; supple-
mental Table 2), which could have diminished the performance of
the algorithm. Among the 1550 potential clinical annotations for
the entire cohort (10 parameters in 155 patients), 6 were missing.
Nine patients lacked full cytogenetic information because of karyotyping
failure. Among the 8990 potential molecular annotations (58
parameters in 155 patients), 1821 (20.3%) were missing. Most
of these (1240 [68.1%]) corresponded to genes not included in
any version of the panel used in our laboratory (ATRX, CBLB,
CUX1, GNAS, KDM5A, MLL5, MLL3, SF3A1, and U2AF2); the
others were missing in a fraction of the patients depending on
the version of the panel used. Importantly, no data were lacking
for the 6 genes having the greatest impact on prognosis
(TP53, CEBPA, NPM1, FLT3, DNMT3A, and MLL). Details of the
sequencing technique used and the bioinformatic pipelines, as
well as the methodology used to calculate the different proba-
bilities of survival for each patient according to the knowledge
bank approach, are provided in supplemental Methods.

We first assessed the potential of the knowledge bank approach
to predict overall survival at 3 years by comparing algorithm prediction
with observed outcome. For this analysis, we did not use the information
about ASCT in predicting survival with the Gerstung et al algorithm,
which would have artificially favored the knowledge bank approach. The
performance of the knowledge bank approach to identify the patients
who died during the first 3 years (area under the receiver operating
characteristic [ROC] curve [AUC], AUCroniedge databank = 0.804; 95%
confidence interval [Cl], 0.715-0.893) was greater than the European
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LeukemiaNet (ELN) 2010° (AUCg N 2010 = 0.632; 95% Cl, 0.517-0.747,
P= 004) and ELN 2017¢ (AUCELN 2017 — 0638, 95% Cl, 0527—0748,
P = .005) classifications, which represent the current standard for
establishing AML prognosis (Figure 1).

We then tested the strength of the knowledge bank approach
to predict more subtle outcomes, such as nonremission death,
relapse death, and nonrelapse death. The outcome of the
96 patients not censored at 3 years is presented in supplemental
Table 1. ASCT was used to calculate the risk for relapse death
and nonrelapse death among the patients having achieved
complete remission. The knowledge bank approach effectively
predicted nonremission death (AUCinowledge databank = 0.844;
95% Cl, 0.746-0.941) and relapse death (AUCknowledge databank =
0.694; 95% Cl, 0.567-0.820), but did not predict nonrelapse
death (AUCknowledge databank — 0581, 95% C|, 0433-0730)
(Figure 2).

Taken together, this study confirms the strength of the knowledge
bank approach to improve the prognostic evaluation of patients
with AML. Interestingly, this approach outperforms the 3-year overall
survival prediction achieved by state-of-the-art classifications and is
able to predict the probability of nonremission death and relapse
death. However, the present cohort was too small to assess the
capacity of this approach to evaluate the benefits of ASCT, which is
the ultimate objective of AML classifications, because only 6 patients
younger than 60 years of age and having achieved first complete
remission had a 10% predicted increase in overall survival with ASCT
according to the knowledge bank approach. It is also of note that the
excellent results with the knowledge bank approach were confirmed
herein, despite many caveats, such as the lack of 20% of molecular
data. The robustness of the algorithm to missing data was indeed
predicted by Gerstung et al, because most of the prognostic in-
formation at the molecular level is supported by a small set of
genes and because the algorithm is capable of imputing missing
data. This observation suggests that simplification of the algorithm
might be possible without losing much information. However,
given the improvement in sequencing technologies and the
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Figure 2. ROC curves showing the performance of the knowledge bank ap-
proach to predict nonr ion death, relapse death, and nonrelapse death.
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diminution of the sequencing cost, it is quite feasible to sequence
all of the genes required to calculate the algorithm in a real-life
setting, to capture as much prognostic information as possible.
Moreover, the knowledge bank approach seems robust, despite
many differences between the pipelines used to generate and
analyze the high-throughput sequencing data, which was a
potential major limitation to the generalization of this algorithm.
A prospective validation of the knowledge bank approach is
now warranted.
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The online version of this article contains a data supplement.

There is a Blood Commentary on this article in this issue.
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