LETTER TO THE EDITOR

Outcome heterogeneity of TP53-mutated myeloid

neoplasms and the role of allogeneic hematopoietic cell

transplantation

TP53 mutations are present in up to 20% of patients with
de novo myeloid neoplasms (MN) and nearly 40% with
myeloid neoplasm post cytotoxic therapy (MN-pCT). They
are frequently associated with a complex karyotype (CK)
and poor responses to therapy.-® There are currently no
effective targeted therapies for TP53-MN. Since standard
cytotoxic regimens are seldom successful in achieving re-
mission and may result in significant toxicity, the treatment
paradigm has recently shifted to less intensive therapies
such as hypomethylating agents (HMA). Even though the
overall response rate has improved significantly with HMA
alone or in combination with venetoclax, most patients
succumb to their disease.*® Allogeneic hematopoietic cell
transplantation (alloHCT) remains the only curative option
for patients with high-risk MN. Even though some patients
achieve long-term survival, the outcomes after alloHCT
are disappointing.®® Thus, it is unclear if the standard of
care alloHCT is an appropriate treatment for patients with
TP53-MN given potentially serious morbidity and mortality,
particularly in older patients.’

We performed a single-center retrospective review of adult
patients with TP53-MN evaluated at Johns Hopkins between
November 2015 and February 2020. The clinical character-
istics are included in Table 1. The clinical next-generation

Table 1. Clinical characteristics of the TP53-myeloid neoplasm
. Overall alloHCT
Variable N=93 N=29
Age in years, median (range) 67 (59-73) 62 (53-67)
Sex, N (%)
F 38 (40.9) 13 (44.8)
M 55 (59.1) 16 (55.2)
Diagnosis, N (%)
AML 22 (28.7) 8 (27.6)
AML-MR 15 (16.1) 5(17.2)
MDS 23 (24.7) 4 (13.8)
MDS/MPN overlap 2(2.2) 2 (6.9)
MPN 2(2.2) 0(0)
MN-pCT (AML) 10 (10.8) 4 (13.8)
MN-pCT (MDS) 19 (20.4) 6 (20.7)
Cytogenetics, N (%)
Complex 73 (78.5) 22 (75.9)
Non-complex 16 (17.2) 6 (20.7)
Not available 4 (4.3) 1(3.4)

sequencing (NGS) panel including 59 genes commonly
mutated in myeloid malignancies was used to identify
TP53 mutations, as previously described (Online Supple-
mentary Table S7).2 We identified 93 patients including 22
with de novo acute myeloid leukemia (AML), 15 with AML,
myelodysplasia-related (AML-MR), 23 with myelodysplastic
neoplasms (MDS), 29 with MN-pCT, two with myelopro-
liferative neoplasm (MPN), and two with MDS/MPN. DNA
was extracted from diagnostic bone marrow specimens or
peripheral blood leukocytes. The identification of somat-
ic variants has been performed as previously described.®
Despite our stringent filtering criteria, the germline origin
of some variants could not have been entirely excluded.
Overall, 79 of 93 (85%) patients received therapy: 20 (25.3%)
were treated with HMA alone, 30 (38.0%) with HMA + vene-
toclax, ten (12.7%) with HMA + others, 15 (19.0%) with inten-
sive chemotherapy, two (2.5%) with an immunomodulatory
drug, one (1.3%) with ivosidenib and one (1.3%) with a JAK2
inhibitor. Twenty-nine (36.7%) patients received non-mye-
loablative alloHCT with post-transplant cyclophosphamide
(Figure 1A).

TP53 variants included missense, truncating, splice-site
mutations, and insertions/deletions. Missense variants
were more common, and several recurrent mutations were

cohort.
ULTEEGT No thera
no alloHCT N=14 Py P
N=50 -
68 (60-73) 76 (70-84) <0.0001
18 (36.0) 7 (50.0)
32 (64.0) 7 (50.0) Ohess
13 (26.0) 1(7.1) 0.31
9 (18.0) 1(7.1) 0.69
11 (22.0) 8 (57.1) 0.01
0(0) 0 (0) 0.21
2(4.0) 0 (0) 0.66
4 (8.0) 2(14.3) 0.58
11 (22.0) 2(14.3) 0.94
42 (84.0) 9 (64.3)
7 (14.0) 3(21.4) 0.54
1(2.0) 2 (14.

alloHCT: allogeneic hematopoietic cell transplantation; AML: acute myeloid leukemia; AML-MR: acute myeloid leukemia myelodysplasia-related;
MDS: myelodysplastic neoplasms; MPN: myeloproliferative neoplasms; MN-pCT: myeloid neoplasm post cytotoxic therapy.
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Figure 1. TP53-myeloid neoplasm cohort, molecular and cyto-
genetic characteristics of patients. (A) The study cohort and
treatments. (B) Lollipop plot representing the TP53 mutations
grouped by the presence or absence of complex karyotype (CK).
The amino acid changes are provided for recurring mutations
observed in 3 or more patients with CK. (C) Oncoprint repre-
senting the gene mutations per patient, the presence of CK and
TP53 null phenotypes as determined by multiple mutations,
del(17p), and copy neutral loss of heterozygosity (CN-LOH). (D)
Distribution of the number of mutations per patient according
to CK. TP53 null causes are represented by red and not null by
blue dots. (E) Bar-plot representing the relative number of non-
TP53 mutations according to CK. The mutated genes with sig-
nificantly different distribution between CK (blue bars) and
non-CK (red bars) are marked with asterisks. DDR: DNA damage
response.
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observed, specifically R175, Y220, R248, and R273 (Figure
1B; Online Supplementary Table S2). Karyotype results were
available from 89 of 93 (95.7%) patients. Of those, 73 (78.5%)
patients had CK. Sixty-two (66.6%) patients had biallelic
TP53 aberration (null phenotype): 14 (15.1%) patients with
biallelic TP53 mutations, 37 (41.6%) with deletion 17p, and
11 (12.0%) with copy-neutral loss-of-heterozygosity (CN-
LOH) involving chromosome 17p (Figure 1C). As expected,
CK was significantly associated with TP53 null phenotype
compared to monoallelic mutations (56/62 [90.3%] vs. 17/26
[65.4%], respectively; P=0.01).

Additional somatic mutations in presumptive cancer driver
genes were seen in 65 of 81 (80.2%) of patients with TP53
mutations. DNMT3A, ASXL1, RECQL4, ATM, TET2, and U2AF1
were among the most commonly mutated genes (Figure
1C; Online Supplementary Table S3). The presence of CK
was associated with lower mutational burden compared
to non-CK patients (P< 0.01; Figure 1D). Next, we sought to
determine, whether mutations in genes involved in distinct
cellular processes were significantly more common in pa-
tients with TP53 and CK. The mutations in genes involved in
MRNA splicing and chromatin modifications such as ASXL7
were significantly associated with TP53 and CK (Figure 1E).
Even though the outcomes of patients with TP53 mu-
tations are generally poor, some studies report 10-20%
long-term survival after alloHCT. We analyzed the outcome
of all patients with TP53 mutations, regardless of the
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karyotype results. Fourteen of the 93 patients (15%) were
offered supportive care only, while remission induction
was attempted in 79 (85%) patients. Complete remission
or complete remission with incomplete hematological re-
covery (CR/CRi) was achieved in 25 of 79 (31.6%) patients.
Twenty-nine (36.7%) patients received non-myeloablative
alloHCT with post-transplant cyclophosphamide; 22 (75.9%)
in CR/CRi and seven (24.1%) with residual disease. (Table 1;
Figure 1A). The median survival was significantly better in
patients treated with alloHCT compared to those who did
not proceed to alloHCT (18.9 vs. 4.1 months, respectively;
P<0.0001; Figure 2A). A significantly higher CR/CRi rate
among alloHCT recipients compared to the non-alloHCT
arm may have contributed to the observed difference in
survival (75.9% vs. 6.8%, respectively). The median surviv-
al was similar between supportive care and therapy-only
groups (2.5 vs. 41 months; P=0.94; Figure 2A). Since the
TP53 null phenotype is almost uniformly associated with
genomic instability and CK, we sought to examine the ef-
fect of CK on alloHCT outcome. The median overall survival
was significantly better in patients with TP53 mutations
and non-CK compared to patients with CK (not reached
vs. 13.7 months; P=0.01; Figure 2B). We previously showed
that mobilized peripheral blood (PB) and a more intensive
conditioning regimen with 400 cGy total body radiation (TBI)
appeared to be associated with improved outcomes in T-cell
lymphomas and myelofibrosis compared to our standard
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Figure 2. Outcomes of TP53-myeloid neoplasm patients. (A)
Overall survival (OS) of all patients with TP53-myeloid neoplasm
(MN) treated with supportive care, chemotherapy only, and
chemotherapy followed by allogeneic hematopoietic cell trans-
plantation (alloHCT). (B) (OS) of TP53-MN treated with alloHCT
according to complex karyotype (CK) status. (C) OS of TP53-MN
with CK treated with non-myeloablative conditioning and total
body irradiation (TBI) of 400 cGy and mobilized peripheral blood
stem cell (PBSC) graft versus other conditioning strategies and
graft source combinations (peripheral blood stem cell trans-
plant (PBSCT) + 200 cGy and bone marrow + 400 cGy).
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bone marrow (BM) allografts and 200 cGy TBI.>"® Thus, we
compared the outcome of TP53-CK patients who received
PB and 400 cGy to those who received other conditioning
strategies. Although not statistically significant, the median
overall survival was longer in patients who received PB and
400 cGy (21.0 vs. 10.3 months; P=0.065; Figure 2C).

Consistent with prior reports, we observed that TP53-MN
is a heterogeneous group of myeloid malignancies charac-
terized by diverse responses to therapies and outcomes.™
Complete loss of TP53 function, and not merely a pres-
ence of TP53 somatic variant, appears to mark the high-
risk disease. While the presence of one wild-type allele
is likely sufficient for an adequate DNA damage response
and apoptosis, a null phenotype often leads to genome
instability and CK.? Thus, CK, appears to be an ultimate
consequence of a complete loss of TP53 function.”

Although morphological remission can be achieved in TP53-
MN and CK, relapse is usually inevitable. Since traditional
cytotoxic induction chemotherapies rely predominantly on
intact DNA damage response pathway to induce apopto-
sis, low CR rates are not surprising.* Thus, therapies such
as HMA alone or in combination with venetoclax appear
to be more effective. With these contemporary and often
less toxic approaches, approximately half of the patients
will achieve clinically meaningful responses and suitable
candidates are often offered consolidation with alloHCT.
The reported long-term survival after alloHCT in TP53-MN
varies widely between the studies from as high as 25% to
under 5%.>¢ This difference is likely due to the biological
heterogeneity of TP53-MN.” Our results demonstrate that
the alloHCT outcome greatly depended on the karyotype.
Patients with TP53-MN and CK treated with alloHCT had a
median OS of 13.7 months while it was not reached in pa-
tients with non-CK. Additionally, most patients with TP53
mutations and CK relapsed within 12 months post-alloHCT.
Modification of the conditioning regimen and graft source
may result in better disease control and augmentation of
the antileukemic effect of the graft, respectively.”® Like
we previously showed in other high-risk diseases, higher
TBI dose and the use of PB allografts may result in longer
survival after alloHCT.*"® Given the poor outcome with a
standard alloHCT in patients with TP53-CK, novel approach-
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