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Abstract: CNS infiltration (CNS+) leads to serious complications in AML. Cytogenetic and
Molecular profile is essential in risk stratification, treatment decisions and envisage prognosis. We
utilize the NGS data and cytogenetics as a screening tool, for determining the incidences and specific
CNS+ risks, in patients eligible for intrathecal chemotherapy. 52 mutations database per NGS was
used for the analysis. 435 newly diagnosed patients underwent frontline induction chemotherapy.
259 (59.5%) patients received LP. The most common molecular mutation in the CNS+ patients were
MPN1 (48.3%), FLT3 (22.5%), TET2 (25.8%), RAS / KRAS (25.7%), DMNT3 (19.3%), ASXL1 and
(16.1%). Of which 31 patients had confirmed CNS+ disease due to the presence of characteristic
markers. CNS+ patients have significantly higher bone marrow blast% (76 vs. 53) (p= 0.0202). WBC
count > 100x10°/L (OR: 5.614 [2.313-13.626] p=0.0001) in the multivariable analysis, and LDH >2ULN
(OR: 5.512 [2.176-13.965]; p= 0.0003) in the univariate analysis, revealed higher risk for CNS+.
Patients exhibited significantly higher NPM1 mutations (48.4% vs 24.6%, p=0.0053) and 11q23
chromosomal abnormality (12.9% vs 2.19%, p= 0.0139). However, FLT3 by NGS did not predict
CNS+ (P=0.1226). CNS+ did not contribute significantly toward CIR (p=0.066), and has no bearing
on OS (p=0.9063). Patients presented with either neurological symptoms or accompanied by
hyperleukocytosis, elevated LDH, NPM1 positivity or 11q23 abnormality are highly suggestive of
CNS+. Therefore, LP is needed to rule-out CNS disease at presentation. NGS did not consistently
predict CNS+. A large prospective trial is needed to confirm the results.

Keywords: Acute Myeloid Leukemia; CNS infiltration; Molecular Profile; NGS; Risk factors and
Outcomes

1. Introduction

The literature in AML patients with CNS involvement is limited in terms of its associated risks
[1]. Previous studies have acknowledged that invasion of AML cells into the CNS in adults at
diagnosis is relatively rare with incidence rate of (0.4-0.6 to 5.1%) [1-6]. It can be manifested clinically
or occult as leukemia meningitis or myeloid sarcoma [7]. While CNS+ in ALL is seemingly more
common than AML, when investigated in depth the opposite may be true [7]. The signs and
symptoms in CNS+ may include headache, nausea / vomiting, or other neurological symptoms [8].
Thus far, the true incidence in adult AML is not well known¢. Equally unfamiliar and contentious is
the prognostic factors associating the clinical outcome of AML patients with CNS+ [9,10]. The issue
in part, is attributed to the lack of diagnostic lumbar puncture (LP) as a routine practice in
asymptomatic patients [11]. The timing for CNS+ detection by a LP, either symptomatic or at
physician’s discretion, is entirely controversial. When examining the findings from two large patient

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202410.0568.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 October 2024 d0i:10.20944/preprints202410.0568.v1

series; one study produced significantly higher CNS involvement yield (from 3.3% to 19%) when LP
was done at diagnosis [4], compared to patients whose low yield of CNS infiltration (overall 1.11%)
irrespective of whether LP is routinely done or not [12]. The latter author reported no significant
difference in OS between CNS+ and CNS- cohorts.

The primary objective of this study is to conduct a single center retrospective chart review in
order to, establish the correlation between CNS+ and molecular profile in AML patients at Princess
Margaret Cancer Centre (PMH). In particular, to estimate the association by:

1.- the use of flow, cytogenetic molecular and clinical characteristic at diagnosis, at the
occurrence of CNS+, at CNS relapse, in order to ascertain the predisposing risk factors described in
our cohort of AML patients. Next generation sequencing (NGS) was used to predict CNS+ risk. The
processes also involved the use of potential threshold characteristics to define the criteria for
performing LP for our patients.

2.- as a secondary objective: to correlate the presence of CNS+ and molecular gene mutations, in
terms of CIR and OS.

2. Materials and Methods

A retrospective electronic medical chart review was performed on 435 patients with AML and
received standard induction chemotherapy, at PMH between February 2015 and December 2018
approved by the institutional Research Ethics Board (REB). Acute Promyelocytic leukemia and
isolated myeloid sarcoma were excluded. Patients presented with neurological symptoms, and / or
with hyperleukocytosis underwent LP at diagnosis after clearing blasts from the peripheral blood,
satisfied the inclusion criteria. NGS was performed on DNA samples isolated from peripheral blood
or bone marrow samples at diagnosis. Analysis was performed using the TruSight Myeloid
Sequencing Panel on the MiSeq sequencer (Illumina; San Diego, CA). Cytogenetic, molecular, FLT3
gene mutation, CD56, NGS, clinical, and laboratory parameters were analysed to identify potential
risk factors. CNS+ was diagnosed by CSF morphology / cytology and / or flow cytometry (FCM) of
the CSF. Demographic and clinical data were obtained from the Leukemia Database of the PMH
Registry.

Statistical Methods

Categorical variables such as gender, cytogenetics, and type of diagnosis, were summarized
with counts and percentages. Continuous variables such as age, WBC and Platelet at Diagnosis and
follow-up were summarized with medians and range. The main outcome variables of interest are
CNS infiltration, Time to Death (OSTIME) and time to relapse were calculated in months from the
start date of diagnosis to time of event, for the last follow-up date whichever comes first. Chi-square
or Fisher’s exact test were used as appropriate to comparing categorical variables of interest for
patients with and without CNS involvement, and the student’s t-test was used to comparing
continuous variables of interest for patients with and without CNS involvement. OS rates are
calculated using the Kaplan-Meier product-limit method and the impact of covariates of interest were
assessed using the Log-rank test. Cumulative incidence of relapse (CIR) rates was obtained with
Grey’s competing risk analysis method while considering death without relapse as competing event.
Logistic regression model was used to assess the impact of each of the potential predictor as well as
joint effect of those variables of interest to the binary outcome CNS infiltration. Cox regression model
was performed for multivariable analysis for OS as well as Grey’s method for CiR to assess joint effect
of those factors that were found in the univariate analysis. All P-values are 2-sided and for the
statistical analyses, P < 0.05 indicates a statistically significant result. Statistical analysis performed
using version 9.4 of the SAS system for Windows, Copyright © 2002-2012 SAS Institute, Inc., Cary,
NC and open source statistical software R version 4.3.0 (R Core Team (2023), R Foundation for
Statistical Computing, Vienna, Austria).

4. Results
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435 evaluable AML patients received induction chemotherapy. Since the focus of our study was
primarily about CNS infiltration, we confirmed 259 (59.5%) patients who had completed LP and from
whom 31 (11.97%), [13 (41.9%) female and 18 (58.1%) male] were diagnosed with CNS+.

4.1. Patient Characteristics

Patient characteristics with and without CNS+ were compared (Table 1); there was no significant
difference in gender (p=0.3994), and median age of 58 years with and without CNS+ (p=0.9252). CNS+
patients at diagnosis had significantly higher WBC median counts, 92.7 vs. 8.1 (p=0.0008), lower
median platelet counts, 44 vs 63 (p=0.0374), higher median blast percentage, 76% vs. 53% (p=0.0202)
and higher median lactate dehydrogenase (LDH>2ULN), 789 vs. 359 (p=0.0114). Median
Hemoglobin, 90 vs 91 (p=0.2295) was similar between groups. Patients with CNS+ exhibited NPM1
mutations (48.4% vs 24.6%, P=0.0053). However, the presence of FLT3 mutations in the CNS+ group
did not show significant difference by NGS (25.8% vs 14.9%, P=0.1226).

Table 1. Patient Characteristics.

CNS
Total Non-CNS CNS+ P-value
(N=259) (N=228) (N=31)
Gender, n (%) 0.39941
Female 127 (49.0%) 114 (50.0%) 13 (41.9%)
Male 132 (51.0%) 114 (50.0%) 18 (58.1%)
. 58.0  (18.0, 58.0 (19.0,
Age, Median (Range) 82.0) 58.0 (18.0, 79.0) 82.0) 0.92522
HbatDx, Median (Range) ?3500) (46'0’91.0 (46.0, 175.0) 901'(; 1(?64)'0’ 0.22952
BoneMarrowBlastpercent, 55.0 (11.0, 76.0 (11.0,
Median (Range) 99.0) 53.0(19.0,99.0) 99.0) 002022
LDH, Median (Range) 22250)(130'0’ 351'38833'0’ 781’3 4(923‘;'0’ 0.01142
NPM]1, n (%) 0.0053!
Not Mutated 188 (72.6%) 172 (75.4%) 16 (51.6%)
Mutated 71 (27.4%) 56 (24.6%) 15 (48.4%)
FLT3, n (%) 0.1226!
Not Mutated 217 (83.8%) 194 (85.1%) 23 (74.2%)
Mutated 42 (16.2%) 34 (14.9%) 8 (25.8%)
TypeofDiagnosis, n (%) 0.2836°
De Novo 213 (82.2%) 184 (80.7%) 29 (93.5%)
t-AML 20 (7.7%) 19 (8.3%) 1(3.2%)
s-AML 26 (10.0%) 25 (11.0%) 1(3.2%)
CD56_by_Flow, n (%) 0.3927°
Absence 189 (73.8%) 168 (74.7%) 21 (67.7%)
Presence 67 (26.2%) 57 (25.3%) 10 (32.3%)
Missing 3 3 0
RESP, n (%) 0.1623%
CR/CRi/MLFG 210 (81.1%) 185 (81.1%) 25 (80.6%)
Early Death 1 (0.4%) 0 (0.0%) 1(3.2%)
Partial 48 (18.5%) 43 (18.9%) 5 (16.1%)
TypeofInduction, n (%) 0.00113
3+7 200 (77.2%) 169 (74.1%) 31 (100.0%)
FLAGIDA 56 (21.6%) 56 (24.6%) 0 (0.0%)
Others 3 (1.2%) 3 (1.3%) 0 (0.0%)

1Chi-Square p-value; 2Unequal variance two sample t-test; SFisher Exact p-value;

4.2. ELN Classification
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Of the entire study cohort of 435 patients, two patients (%) were without ELN classifications. Of
the remaining 433 patients, 116 (26.8%) had Favourable, 98 (22.6%) had Intermediate, while 219
(50.6%) had adverse classification.

From the 259 patients who had completed LP, 57 patients with favourable risk, 68 patients had
intermediate risk and 133 patients had adverse risk. One without ELN classification.

Of the 31 patients with CNS+, 11 patients had favourable risk, 7 had intermediate risk and 10
had adverse risk. Three patients were not determined. When compared to CNS- patients, CNS+
patients had significantly higher proportion of favorable risk (p=0.0197) Table 2. Four of 14 were cord-
binding positive. There were 15 patients who had NPM1 mutation. From these 15pts, 10 were
favourable risk and 5 were intermediate risk due to FLT3 mutation.

Table 2. Chromosomal abnormalities comparison in patients with and without CNS involvement.

CNS
Total Non-CNS CNS+ P-
(N=259) (N=228) (N=31) value

MRC Cytogenetics, n (%) 0.1216!
Low risk 16 (6.18%) 12 (5.26%) 4 (12.90%)
Intermediate 146 (56.37%) 133 (58.33%) 13 (41.94%)

Poor 61 (23.55%) 54 (23.68%) 7 (22.58%)
Insufficient/unsuccessful 36 (13.90%) 29 (12.72%) 7 (22.58%)

ELN Stratification, n (%) 0.01971
Favorable risk 50 (19.84%) 39 (17.41%) 11 (39.29%)
Intermediate risk 68 (26.98%) 61 (27.23%) 7 (25.00%)

Adverse risk 134 (53.17%) 124 (55.36%) 10 (35.71%)
Missing 7 4 3

t(8, 21), n (%) 0.16172
0 247 (95.37%) 219 (96.05%) 28 (90.32%)

1 12 (4.63%) 9 (3.95%) 3 (9.68%)

inv16, n (%) 0.40142
0 255 (98.46%) 225 (98.68%) 30 (96.77%)

1 4 (1.54%) 3 (1.32%) 1 (3.23%)

11923 abnormality, n (%) 0.01392
0 250 (96.53%) 223 (97.81%) 27 (87.10%)

1 9 (3.47%) 5 (2.19%) 4 (12.90%)

5/5q, n (%) 1.00002
0 256 (98.84%) 225 (98.68%) 31 (100.00%)

1 3 (1.16%) 3 (1.32%) 0 (0.00%)

-7/7q, n (%) 0.70182
0 243 (93.82%) 213 (93.42%) 30 (96.77%)

1 16 (6.18%) 15 (6.58%) 1 (3.23%)

(6,9), n (%) 1.0000?
0 257 (99.23%) 226 (99.12%) 31 (100.00%)

1 2 (0.77%) 2 (0.88%) 0 (0.00%)

+8, n (%) 0.08762
0 238 (91.89%) 207 (90.79%) 31 (100.00%)

1 21 (8.11%) 21 (9.21%) 0 (0.00%)

1Chi-Square p-value; Fisher Exact p-value;

The type of induction treatment and the treatment response

There were no significant differences between the treatment responses (p=0.1623), but a
significant difference by the type of induction (p=0.0011) between the two groups (Table 1). Patients
who were known to have adverse risk cytogenetic or secondary leukemias were treated with FLAG
IDA as first line induction chemotherapy.

All 31 CNS tested positive patients (100%) received 3+7 as induction treatment, compared to
only 74.1% of non-CNS involved patients received the same induction treatment. The CR/CRi/MLFS
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rate was 81.1%, Table 1. None of the CNS+ patients received FLAG-IDA, compared to 56 (24.6%) of
non-CNS patients received the same treatment. CNS+ patients received intrathecal chemotherapy
twice weekly until CSF is cleared, followed by two LP to confirm negativity.

In terms of treatment response in the 31 CNS+ patients, 25 (80.6%) of whom had CR, CRi or
MLES, 5 (16.1%) patients had partial response and 1 (3.2%) patient had early death (p=0.1623) Table
1.

4.3. Risk Classification Analysis

The comparison between CNS+ (n=31) and CNS- (n=228) in terms of risk groups cytogenetics,
MRC showed no-significant differences among low, intermediate and poor risk groups (p=0.1216)
Table 2. NGS panel with 52 gene did not consistently predict CNS+. The most common molecular
mutations, in terms of frequency of greater than 10%, in the CNS+ patients vs. in the total patients
analyzed (n=259), were MPN1 [(48.3%) vs. (27.4%)], FLT3 [(22.5%) vs. (16.2%)], NPM1 with
concomitant FLT3 [(12.9%) vs. (8.8%)], TET2 [(25.8%) vs. (23.9)], RAS / KRAS [(25.8%) vs. (10.8%),
DMNT3 [(19.3%) vs. (28.5%)], ASXL1 [(16.1%) vs. (15.1), respectively (Chemoplot Figure 6).
Incidentally, MPN1 in the CNS- patients (n=228) was 24.6%.

A number of cytogenetic and molecular markers were examined in CNS+ patients, among those
identified were translocation t(8;21), chromosome inv16, 1123 abnormality and deletion-7/7q. The
remaining markers (deletion -5/5q, Translocation t(6;9), and trisomy +8 were not present in the CNS+
patients. 11q23 abnormality was the only marker that was found significantly more frequent in CNS+
patients compared to the CNS- cohort (P=0.0139) (Table 2). Chromosomal abnormalities such as
t(8:21), deletion -5/5q, deletion -7/7q, t(6:9), Inv16 / t(16,16), and Trisomy 8, all had non-significant
difference between the two groups Table 2).

However, when compared using individually defined threshold levels and combined
parameters, a clear distinction was visible between CNS+ and CNS- cohort of patients (Table 3). WBC
(<100 vs. 2100), WBC & NPM1, FLT3 & WBC, LDH & NPM1, WBC & LDH & NPMI1, and WBC &
LDH showed significant difference in terms of risks for CNS+. Whereas FLT3 & NPM1, FLT3 & LDH,
WBC & LDH & NPM1 & FLT3 combined pairs showed no significant differences (Table 3).

Table 3. Impact of combination of factors in the effect on CNS.

CNS groups
Total Non-CNS  CNS+ P-value
(N=259)  (N=228) (N=31)

WBC100, n (%) <.00017
<100
>=100

FLT3 & NPM1, n (%)

Not both mutated

218 (84.2%) 20(88.6%) 16 (51.6%)
41(15.8%) 26(11.4%) 15 (48.4%)
0.1305'
236 (91.1%)[210(92.1% 26 (83.9%)
)

Both
WBC & NPM1, n (%)
WBC < 100 or NPM1 Not mutated

23 (8.9%) 18(7.9%) 5 (16.1%)
<0001"
237 (91.5%) 215(94.3%) 22 (71.0%)

WBC >= 100 and NPM1 mutated 22 (8.5%) 13(5.7%) 9 (29.0%)

LDH & NPM1, n (%)
LDH <2 ULN or NPM1 Not mutated
LDH >=2 ULN and NPM1 mutated
Missin

0.0021"
201 (79.1%) 183(82.1%) 18 (58.1%)
53 (20.9%) 40 (17.9%) 13 (41.9%)
5 5 0

FLT3 & WBC, n (%)
WBC < 100 or FLT3 Not mutated
WBC >= 100 and FLT3 mutated

0.0196"
247 (95.4%) 220(96.5%) 27 (87.1%)
12 (4.6%) 8 (3.5%) 4 (12.9%)

FLT3 & LDH, n (%)
LDH <2 ULN or FLT3 Not mutated
LDH >=2 ULN and FLT3 mutated
Missin

0.0596'
223 (87.8%) 199(89.2%) 24 (77.4%)
31 (12.2%) 24 (10.8%) 7 (22.6%)
5 5 0

WBC & LDH & NPM1, n (%)
WBC < 100 or LDH <2 ULN or NPM1 not mutated
WBC >= 100 and LDH >=2 ULN and NPM1 mutated
Missing

<0001
235 (92.5%) 212(95.1%) 23 (74.2%)
19 (7.5%) 11(4.9%) 8 (25.8%)
5 5 0

WEBC & LDH, n (%)
WBC < 100 or LDH <2 ULN
WBC >= 100 and LDH >=2 ULN
Missin

<0001"
219 (86.2%) 202(90.6%) 17 (54.8%)
35 (13.8%) 21(9.4%) 14 (45.2%)

5 5 0

WBC & LDH & NPM1 & FLT3, n (%)
WBC < 100 or LDH <2 ULN or NPM1 not mutated or
FLT3 not mutated
WBC >= 100 and LDH >=2 ULN and both FLT3 and
NPM1 mutated
Missin

0.15847
248 (97.6%) 219(98.2%) 29 (93.5%)
6(24%) 4(1.8%) 2(65%)

5 5 0

Chi-Square p-value; 2Fisher Exact p-value;

Univariate and multivariable analysis of risk factors for CNS involvement utilizing NGS Panel
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Univariate and multivariable analysis were conducted to identify potential risk factors
associated with CNS+. WBC > 100 alone, 11g23, abnormality, LDH > 2 ULN & NPMI1 alone and
combined with NPM1, are found significant as risk factors. However, under univariate analysis, our
NGS panel of 52 gene mutations and other factors including PLT230, FLT3 mutated and CD56 as
individual entities were deemed insignificant as risk factors (Table 4). On multivariable analysis WBC
> 100 (OR=5.614, 95% CI 2.313-13.626, p=0.0001), LDH > 2 ULN & NPM1 (OR=2.503 95% CI 1.007-
6.221, p=0.0483), and 11q23 abnormality (OR=7.569 95% CI 1.638-34.983, p=0.0096) were found to be
significant risk factors for CNS involvement.

Table 4. Univariate and Multivariable analysis of additional factors for CNS involvement.

Univariate analysis Multivariable Analysis
Parameter P- OR (95% CI) P- OR (95% CI)
value value
WBC (=100 vs < 100) <.0001 | 7.284 (3.227- 0.0001 | 5.614 (2.313-
16.442) 13.626)
LDH & NPM1 (¥) 0.0031 | 3.304 (1.498-7.289) 0.0483 | 2.503 (1.007-
6.221)
11q23 abnormality 0.0071 | 6.607 (1.672- 0.0096 | 7.569 (1.638-
26.109) 34.983)
PLT >30 (Yes vs No) 0.0997 | 0.511 (0.230-1.136)
FLT3 mutated 0.1282 | 1.985 (0.821-4.800)
NPMI alone (mutated vs. | 0.0068 | 2.880 (1.338-6.196)
not)
LDH alone (=2 ULN vs. 0.0003 | 5.512 (2.176-
<2 ULN) 13.965)
CD56 by Flow (Presence 0.4123 | 1.404 (0.624-3.158)
vs. Absence)
* - LDH >2 ULN and NPM1 mutated vs. LDH < 2 ULN or NPM1 Not mutated

4.4. Cumulative Incidence of Relapse (CIR) Stratified by CNS Involvement

A CIR analysis stratified by CNS involvement was conducted, which showed that the
relationship between CNS+ and CNS- patients was not significantly different (p=0.0662) in Figure 1.
The CIR rate in CNS+ patients at month 36 was 0.290 (95% CI 0.142- 0.457), compared to CNS- 0.156
(95% CI 0.112 - 0.207). Four (12.9%) of the 31 patients who had CNS+ at diagnosis developed CNS
relapse (Figure 1).

0.5
Involvement

— CNS

0.4 = Non-CNS

p = 0.066 (Gray's test)

0.3

0.2

Cumulative Incidence of Relapse

0.1

0.0-

0 12 24 36 48
Months since start of treatment
I
£ CNs 31 17 14 13 13
[
=
2 Non-CNS 228 150 110 99 68
s

Numbers at risk

Figure 1. CIR distribution stratified by CNS Involvement.
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On the contrary evident by univariate analysis, when selectively targeting CD56 by Flow,
patients with CD56 presence had significantly higher relapse risk (p=0.017, Table 5). Similarly in
patients who possess LDH> 440U/L had significantly higher CIR compared to those with < 440U/L:
(p=0.012, Table 5). In addition, WT1 mutated patients had higher CIR risk (p=0.038, Grey's test (Figure
4)) compared to those not mutated gene (Table 5, Figure 2, 3 and 4). On multivariable analysis CD56
by Flow (HR=2.003, 95% CI 1.076-3.731, p=0.0285), LDH> 440U/L (HR=1.956, 95% CI 1.055-3.628,
p=0.0332), and WT1 mutated (HR=2.632, 95% CI 1.120-6.183, p=0.0264) were found to be significantly
contributing to have a higher CIR rate.

0.5
CD56 by Flow
== Absence
0.44 === Presence
(0]
0
o
< p = 0.017 (Gray's test)
o
S
° 0.3
o
e
Q
° )
(&)
=
2 0.24
©
=
£
=
(&}
0.14
0.04
[} 12 24 36 48
= Months since start of treatment
o
- Absence 189 129 94 85 63
oy
8 Presence 67 36 29 26 17
3
&

Numbers at risk

Figure 2. CIR distribution stratified by CD56 by Flow.

2] LDH

— <2 ULN

0.4 m— == 2 ULN

p = 0.012 (Gray's test)

0.31

0.2

Cumulative Incidence of Relapse

0.14

0.04

] 12 24 36 48
Months since start of treatment

<2ULN 133 97 69 63 46

LDH

>=2ULN 121 67 52 46 33

Numbers at risk

Figure 3. CIR distribution stratified by LDH2UPN.

Table 5. Univariate and Multivariable analysis on.
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8
Univariate analysis Multivariable Analysis
Parameter
P-value | HR (95% CI) P-value | HR (95% CI)
CD56 by Flow 0.0170 | 2.121 (1.144- 0.0285 | 2.003 (1.076-3.731)
(Presence) 3.934)
LDH (>=2ULN vs < 0.0123 | 2.169 (1.183- 0.0332 | 1.956 (1.055-3.628)
2 ULN) 3.977)
WTI1 (Mutated) 0.0340 | 2.513 (1.072- 0.0264 | 2.632 (1.120-6.183)
5.893)
RUNXI1 (Not Mutated) | 0.0797 | 3.568 (0.860-
14.797)
NPM1 (Mutated) 0.1362 | 1.589 (0.864-
2.922)
FLT3 by NGS (Yes vs 0.1770 | 0.491 (0.175-
No) 1.379)
11q23 abnormality 0.1725 | 2.12 (0.720-
6.255)
0.5 WT1
m— Mutated
w—  Not Mutated
0.44
§ p = 0.038 (Gray's test)
&
E 0.34
g’ 0.24
2
3
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Figure 4. CIR distribution stratified by WT1.

4.5. Univariate and Multivariable Analysis on Risk Factors for Overall Survival

The median follow-up period was 30 (range 1-85) months.
59% (n=259) of all patients was included in this analysis. The 1-year OS of the whole population
was 73% (95% CI 0.668- 0.777) (Figure 5).


https://doi.org/10.20944/preprints202410.0568.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 October 2024 d0i:10.20944/preprints202410.0568.v1

1.0
0.8
®
i
Z 0.6-
=
7
[-
5 04-
>
)
0.2
Involvement (p=0.9063)
CNS
Non-CNS
0.0 T T T T I
0 12 24 36 48
Number at Risk Follow-up from diagnosis (months)
CNs 31 23 19 14 13
Non-CNS 228 163 119 106 74

Figure 5. OS distribution stratified by CNS Involvement.

Mutational landscape of AML patients with CNS positive disease at presentation
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Figure 6. Mutational Landscape of AML patients with CNS positive disease at presentation.

When we examined the OS there was no significant difference between CNS+ and CNS- patient
cohorts (p=0.9063) Figure 5.
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5. Discussion

The incidence of CNS+ in newly diagnosed adult AML is not clear. The incidence rate of 11.97%
CNS+ in our patient population is moderate in comparison to the recently reported rates that ranged
widely (<1% vs 32%) [1,6,11,13]. One raises the question of the true rate of CNS+ at presentation®.

The criteria for conducting an LP in AML varied. While laboratory results are pending, the status
of the patient’s signs and symptoms may change over a short period of time post hospital admission,
affecting the subsequent decision to perform LP. In the events where patients are being ruled in for
LP, the following steps are taken. We have included brisk laboratory reports on WBC, CD56
positivity, mounting neurological signs and symptoms or the combination of the above. Virijevic M.
et al. [14] reported that CD56 is identified as the most important risk factor for CNS disease at
diagnosis by multivariable analysis.

Our clinical observations provided support that patients diagnosed with CNS involvement fair
worse outcome. However, the published data to date have argued that on the one hand patients
identified with CNS involvement suffered poorly [15], whereas other reports disputed indifference
irrespective of CNS status [5,12,16]. It is reasonable to assume that there will always be variations in
every uniquely designed study (e.g., non-controlled trials), resulting in diverse conclusions.

5.1. Risk Factors in the Development of CNS Disease

One potential risk factor attributable to CNS disease in AML patients is the high WBC counts
and/or high blast counts (76 vs. 53) (P = 0.0202). Our current practice is consistent with a report
advocating for LP in patients with higher WBC counts greater than 40 x10°L [17]. This is one of the
parameters we relied on as a trigger for conducting LP at diagnosis. We incorporated the use of the
Youden Index in determining the potential value of the diagnostic test using higher WBC threshold
[18]. We concluded that WBC count at 2100 x10°/L (P<0.0001) can be considered as an alert for LP
eligibility. Elsewhere on this issue, Alberta Health Services identified AML patients with CNS
involvement fitting for LP for those having hyperleukocytosis (WBC >40), elevated LDH,
chromosomal 11 abnormality among other risk factors [19]. In a retrospective study, an LP eligibility
is considered for CNS symptomatic patients characterized with increased WBC counts (=30 x10°/L),
FLT3 mutation, CD56 and CD15 antigen expression, younger age and monocyte phenotype [14]. One
can appreciate that not all the risk factors are being considered equally at risk for CNS disease, and
for the same token, being incorporated for the purpose of initiating LP, including the various WBC
threshold levels discussed thus far. Our study results indicated that NPM1 mutated vs. not mutated
(p=0.0053), elevated LDH (p=0.048) and 11q23 abnormality (p=0.0096) in addition to high WBC, also
stood out as significant risk factors for CNS disease under multivariable analysis, and that LP should
be initiated (Table 4). MLL mutations or rearrangements of 11q23 are prevalent in adult AML
associated with CNS involvement. Chromosome 11 and inv16 are apparent risk factors in AML [1].
It is interesting that FLT3 mutated vs not mutated as a single entity did not pose a significant risk for
CNS+ (P=0.1226) in our report. However, when a patient presented with WBC (=100) and FLT3
mutation, its impact on the risk of CNS disease appeared to have enhanced significantly (12.9% vs.
3.5%, p=0.0196) (Table3B). The same is seemingly true for patients with the following risk factor
combinations simultaneously, such as WBC&NPM], LDH&NPM1, WBC&LDH,
WBC&LDH&NPM]1, and even FLT3&WBC, the risk for CNS infiltration heightened significantly
(Table 3B). Interestingly, in addition to high WBC counts and high LDH levels, ethnicity could play
a role in predicting CNS involvement [4].

Molecular markers such as NPM1 mutations, FLT3 mutations either alone or in coexistence by
NGS and PCR, are implicated for both primary and secondary myeloid infiltration of the CNS [8].
Their presence with the elevated-level of FLT3-ITD allelic ratios (20.5) are more commonly seen in
this group of patients. We observed 10 (29.4%) CNS+ patients harbouring both NPM1 and FLT3- ITD
mutations concurrently, whereas FLT3-ITD alone consisted of 14 (41.2%) samples. Our experience
characterized by the strong presence of NPM1 at diagnosis is indicative of CNS+ risk. The frequency
of NPM1 mutated gene occurrence observed in our study was high at 28.3% (n=123). When
compared, the CNS+ portion of the NPM1 mutated form alone was significantly higher (p=0.0053
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[50% (n=16) than CNS- group 26.6% (n=107)]. In terms of cytogenetics, 11q23 translocation was the
only abnormality found with a significant difference between groups (p=0.0139) (Table 3A). This is
consistent with the two findings [1,5]. However, one other author showed conflicting results [6].
Certain authors [15,20,21] have documented not only 11q23 associated with increased incidence of
CNS+, but also the presence of this abnormality posed significant risk of isolated CNS relapse with
poor outcome. At this juncture, our data showed that prominent WBC count at 2100, NPM1, CD56,
LDH (22ULN), and 11g23 abnormality are risk factors for CNS involvement, and their presence along
with neurological symptoms at diagnosis can be considered for LP.

5.2. Relapse Incidence in CNS+ vs. CNS- Patients

CNS relapse is well defined [9]. In the course of disease, it is said to be more prevalent to find
CNS+ at relapse/refractory in comparison to that at the time of initial diagnosis [22]. Our incidence
rate of CNS relapse is only slightly higher (4 patients, 12.9%) compared to the initial CNS+ group of
31 patients (11.97%). Our CNS+ patient cohort at 12, 24, 36, and at 48 months showed a similar
relationship when compared to the CNS- cohort in terms of CIR (p=0.066) (Figure 1). That is, CNS+
status of whether it is positive or negative did not serve as a predictor for CIR. Having that said,
intuitively, patients endured from their preliminary CNS disease should have higher likelihood of
recurrent disease despite treatment. For instance, in a cohort of AML patients diagnosed with CNS+
prior to initial treatment, a number of risk factors including high LDH level, FAB M5, AML relapse,
FLT3-ITD mutations, other EMD and complex karyotype were subsequently identified as prognostic
indicators [6]. CNS infiltration with complex karyotype before HSCT at diagnosis is predictive of
CNS relapse [23,24]. CNS relapse was associated with high LDH (3% vs 0%, p=0.06), lysozyme >30
(8% vs 1%, p=0.06), FAB M4-M5 (5% vs 1%, p=0.04) and in earlier period of transplant (5% vs 0.3%,
p<0.01).

While CNS relapse is said to be more prevalent in patients with 1123 abnormality than without
CNS relapse, it was found positive in only one of our four patients (25%) described above, who had
undergone Allo-HSCT and suffered relapsed post, and died of progressive disease [5]. In younger
patients with high WBC (median 79.2 x10°/L), chromosome 11 abnormality among other risk factors
are at significantly higher risk for CNS relapse [21]. CD56+ is found frequently in any phases of the
disease and patients tend to have higher CNS relapse rates and overall relapse rates [7,25]. This is
certainly true in our patients who exhibit CD56 positivity when compared to those without this
marker in the multivariable model (p=0.0285). This is also true if the concurrent risk factor is
hyperleukocytosis [26].

While prognostic value of surface antigen expression is not definitively proven, CD56 has been
shown to have shortened remission rates and OS in AML patients with t(8;21) [15,27,28]. However,
we found no difference in terms of CIR between groups post induction. Perhaps the sample size of
the original CNS cohort is too small to see the difference.

Same argument is said in a subset of our patients harbouring significantly higher LDH (=2 ULN)
level (p=0.0332) resulting in elevated CIR, qualifying for preventative measures especially when other
risk factors are present [29]. CNS relapse is one of the worse clinical presentations of AML relapse,
and it often occurred in the Core-Binding factor AML [30].

5.3. Survival Impact in CNS+ vs. CNS- Patients

With reference to CNS relapse on OS, our data on the follow up period showed that the CNS+
patients 0.34913 (95% CI 0.09447 — 0.60379) had similar experience, as it compared to those with CNS-
0.23944 (95% CI 0.16366 — 0.31522) at the initial onset. When we examined the OS rate in patients with
events, those with CNS+ corresponded closely to CNS- groups at 12 (0.77 vs. 0.68), 24 (0.61 vs.0.50)
and 36 (0.47 vs.0.45) months. We found no difference between groups and its impact on CRI and OS
over 36 months period. In younger patients, CNS relapse exerts no significant effect on OS when
compared with the entire study population [20]. Del Principe et al.[11]stated that there was a
significantly shorter five-year DFS in CNS + patients, in the presence of high cumulative relapse rate
(78%). As mentioned earlier that a recent study of 11 ECOG-ACRIN clinical trial data demonstrated

d0i:10.20944/preprints202410.0568.v1
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that CNS + status (CNS + or CNS- with EMD) did not influence initial response or OS outcome [12].
Our findings reflected similar results from these studies.

5.4. Limitation

This retrospectively abstracted study with data represented only those high-risk patients who
have undergone LP procedure. The methodology excluded patients treated with low intensity
induction chemotherapy, and those with isolated EMD. Since our institution does not routinely
perform LP to all AML patients, as the result, only 259 patients experienced any one of these entities
alone or in combination are subject to LP, CNS symptoms, CD56+ or elevated WBC counts at the
initial assessment were scheduled for LP. Subsequently, 31 patients were identified with CNS
positivity. This resulted in potential study bias, and hence a relatively high incidence of CNS+.

6. Conclusions

There is a lack of available guidelines utilizing specific risk factors toward performing LP given
the clinical characteristics presented on admission. Our analysis indicated that the characteristic
features for the purpose of diagnosing CNS involvement is quite diverse. The inconsistent pattern in
the “risk factors” making therapeutic decisions difficult. The jury is still out as to whether CNS
leukemia impacts clinical outcome. However, in terms of CNS involvement and potential risk factors,
our results suggested that patients with higher WBC count (=100), higher bone marrow blasts, LDH
ranges (22ULN), NPM1+ and 11q23 positivity are triggers for conducting LP. Risk factors in
combination (Table 3) may serve as potential triggers for initiating LP. In the presence of CNS
infiltration, the data on the relapse incidence such as CD56, LDH and WT1 appeared to be
significantly higher in this group than in patients without CNS involvement. However, CNS
involvement does not influence the outcome of CIR in this study. As for the impact on the overall
survival outcome, our patients with CNS infiltration appeared to fair equally with those of CNS
negative cohort [14]. Despite positive findings of the above NGS panel did not predict CNS positivity.
Larger sample size, prospective design study including all potential risk factors is needed, in order
to better understand the incidence and outcome of CNS involvement in AML.
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