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4.
Overexpression of TP53 is associated 

with poor survival, but not with 
reduced response to hypomethylating 

agents in older patients with acute 
myeloid leukaemia

LH van der Helm, G Berger, A Diepstra, G Huls and E Vellenga

(British Journal of  Haematology, 2017)
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O ver the past few decades, it 
has become clear that some 
gene mutations are important 

for risk stratification and predicting 
response to therapy in acute myeloid 
leukaemia (AML) patients. TET2 
and DNMT3A gene mutations are 
associated with unfavourable outcome 
in AML patients treated with high-
dose chemotherapy, while improved 
outcome has been reported in the 
setting of  hypomethylating agents 
(HMAs).(1,2) TP53 mutations also 
indicate an unfavourable prognosis, 
frequently coinciding with complex 
karyotypes.(3) Outcome following high-
dose chemotherapy is poor in AML 
patients with a TP53 mutation, with a 
median overall survival (OS) of  about 
10 months.(3) However, treatment 
outcome following HMAs is less well 
defined. Studies in myelodysplastic 
syndromes (MDS) and secondary or 
low-blast-count AML suggest that 
patients with TP53 mutations may 
benefit from HMAs.(4,5) To investigate 
the impact of  HMA treatment in TP53-
mutated AML patients, the prevalence 
of  TP53-overexpression at baseline was 
assessed in a cohort of  47 HMA-treated 
AML patients by using a validated 
immunohistochemistry method.(6,7) In 
addition, bone marrow biopsies were 
studied at different time points during 
treatment in 19 patients. Bone marrow 
biopsies were stained with the anti-
TP53 mouse monoclonal antibody 
(clone Bp53-11, Ventana Medical Systems, 
Tucson, AZ, USA). At least 800 nucleated 
cells in two microscopic fields were 
evaluated at 409 magnification and 
scored as no, weak (TP53+) or strong 
(TP53++) nuclear staining. Biopsies 
showing strong TP53 staining in > 
1% of  nucleated cells (‘TP53-positive’) 
were considered as TP53- mutated(6), 
which was confirmed by whole exome 
sequencing in seven separate patients.

Baseline characteristics were comparable 

among TP53- positive (N = 22) and 
TP53-negative (N = 25) patients; 
however, TP53-positive patients 
had more adverse-risk cytogenetics, 
monosomal karyotypes and higher 
peripheral blast counts (Table S1). 
Patients were treated with a median of  
eight (1–38) azacitidine cycles (75 mg/
m2 7/28 d), or two (1–24) decitabine 
cycles (20 mg/m2 10/28 d; after bone 
marrow response 5/28 d).(8) Two patients 
received azacitidine after one to three 
cycles of  decitabine. Three patients, 
all TP53-positive, had an allogeneic 
haematopoietic stem cell transplantation 
with reducedintensity conditioning 
following HMA treatment. Overall 
response rates (complete remission 
(CR), CR with incomplete blood count 
recovery (CRi), partial remission (PR) 
and haematological improvement (HI)) 
were not significantly different between 
TP53-positive and TP53-negative AML 
patients (P = 0.23); 11 (50%) TP53-
positive patients achieved a response 
(36% CR, 5% PR, 9% HI), compared to 
16 (70%) TP53-negative patients (44% 
CR, 4% CRi, 17% PR, 4% HI).

Median OS was 256 months in TP53-
negative patients versus 108 months 
in patients with TP53-overexpression 
at baseline (Hazard ratio 25 (95% 
confidence interval 11–57), P = 0.029; 
Fig 1A). TP53-positive responders (CR/
CRi/PR/HI) had a longer median OS 
than TP53-positive non-responders 
(181 vs. 33 months; P < 0.001; Fig 1B). 
Median OS was also improved in TP53-
negative responders (315 months vs. 74 
months in non-responders; P < 0.001). 
Time to response was not significantly 
different (41 months in TP53-positive 
vs. 28 months in TP53-negative 
patients; P = 0.46). No difference was 
observed in response duration (211 
months in TP53-positive vs. 232 
months in TP53- negative patients; P = 
0.22), in contrast to a recent study that 
reported shorter response duration in 
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1  44  72.0 3  CR  3  0.8  9  2 † 4.2

2  27  16.8  CR  11  40 35

3  26  1.8 1  CRi  4  2.4  6*  CR  3  0.9   

4  21 1.6  3  SD/HI  10  0.1  7  CR  1  n.e.   

5  82  1.1  5  PR  29  1.5     

6  48  0.7  19  CR  2  0.3    31  50 2.9  

7  46 4.4  4  SD/HI  33  3.5  7  SD/HI  26  10.3   

8  21 0.0 4  SD  13  1.3     

9  33 n.e. 4  SD/HI  14  4.5  8  SD/HI  15  6.6  

Baseline During treatment (1)  During treatment (2)  Relapse  

*Allo-HCT in 3rd month, †Relapse 3 months after biopsy. HMA, hypomethylating agent; tx, therapy; CR, complete remission, CRi, CR with incomplete blood count 
recovery;, PR, partial remission; SD/HI, stable disease with haematological improvement; TP53++, cells with TP53 overexpression; n.e., not evaluable

Baseline Complete remission Relapse

E

Figure 1. Survival of TP53-positive and TP53-negative patients and percentages of TP53++ cells during 
HMA treatment
A) Overall survival in TP53-negative (n=25) and TP53-positive (n=22) patients treated with HMAs. B) Overall survival in 
TP53-positive responders (CR(i), PR or HI) versus non-responders (p<0.001) and in TP53-negative responders versus non-
responders (p<0.001). C) Percentage of TP53++ cells in patients who achieved CR(i) or PR. Red lines indicate patients with 
a TP53-positive bone marrow biopsy (>1% TP53++ cells) at some time during the course of AML. Numbers correspond with 
patients listed in the table below. D) Details of patients with more than one evaluable bone marrow biopsy who are TP53-
positive at some time during the course of AML. E) Example of TP53 staining of the bone marrow of patient 1.



98

Chapter 4

4

TP53-mutated MDS patients.(9) In our 
cohort, the shorter median OS in TP53-
positive patients was related to a trend 
towards shorter survival following 
relapse (19 months in TP53-positive vs. 
112 months in TP53-negative patients; 
P = 0.069) and a shorter median OS of  
TP53-positive nonresponders (33 vs. 74 
months in TP53-negative patients; P = 
0.10).

Univariate analysis revealed that 
response to HMAs was associated with 
World Health Organization (WHO) 
performance scores <2 (P = 0.004), 
normal lactate dehydrogenase (LDH, P 
= 0.013), and favourable or intermediate 
cytogenetic risk scores (P = 0.052). 
These factors remained significant in 
multivariate analysis. In contrast, no 
significant impact on response was 
observed for TP53-overexpression (P = 
0.18), white blood cell count >20 9 109/l 
(P = 0.72), age above 70 years (P = 0.36) 
or bone marrow blast count (P = 0.55). 
Univariate analysis of  factors influencing 
survival revealed that poor OS was 
associated with TP53-overexpression 
(P = 0034), WHO performance scores 
≥2 (P = 0.001), increased LDH (P = 
0.025), poor cytogenetic risk scores (P 
= 0.005) and monosomal karyotypes 
(P = 0.011). In multivariate analysis, 
WHO performance scores ≥2 
remained independently significant, 
but TP53-overexpression and poor-
risk cytogenetics did not predict OS 
independently of  each other, as could 
be expected. These results indicate 
that TP53-overexpression is associated 
with poor survival, however, not with 
reduced response to HMAs.

Subsequent bone marrow samples were 
available in 19 patients, which allowed 
us to evaluate percentages of  TP53++ 
cells during HMA treatment and/or 
relapse. TP53++ cells in TP53-positive 
patients ranged from 11% to 72% (Fig 

1C–E). TP53++ cell percentages were 
often lower than the blast percentage in 
the bone marrow biopsy, suggesting that 
TP53++ cells often represented AML 
subclones. In six patients, TP53++ 
percentages were higher than the 
blast count, which could be related to 
TP53++ lineage-committed precursors 
and morphological characteristics of  
MDS. Nine out of  19 patients with more 
than one bone marrow sample were 
TP53-positive at some point during 
their treatment (Fig 1C–E). Achievement 
of  CR was associated with a decrease of  
TP53++ cells to below 1% (Patients 
1, 3). Relapse was associated with an 
increase of  TP53++ cells (Patients 1, 
2). Patient 6 became TP53-positive at 
relapse after 31 months of  azacitidine 
treatment. This attainment of  TP53-
positivity might be due to expansion 
(associated with clonal selection) of  a 
previously undetectable dormant clone, 
because a recent report showed that 
TP53-mutated cells could be present at 
low frequencies (0003–07%) years before 
development of  therapy-related AML 
or MDS.(10) In our cohort, CR(i), PR or 
HI was sometimes accompanied by a 
reduction of  TP53++ cells (Patients 4, 
7), suggesting repression of  the TP53-
mutated AML clone by HMAs; and was 
sometimes associated with persistence 
of  TP53++ cells (Patients 3, 5, 7, 9), 
suggesting insensitivity of  the TP53-
mutated clone to HMAs. Together, 
these data indicate that HMAs can 
target TP53-mutated cells in a subset 
of  AML patients.

In summary, our data indicate that AML 
patients with TP53 mutations generally 
have a poor OS but can respond to and 
benefit from treatment with HMAs, with 
temporary suppression of  the TP53-
mutated clone in a subset of  patients. 
However, prospective trials are needed 
to determine whether HMAs improve 
the outcome of  TP53-mutated patients. 
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TP53-negative
(N=25)

TP53-positive
(N=22)

p-value

Age (years)
Median (min-max) 72 (67-83) 72 (60-79) 0.24
≥ 70 19 (76%) 14 (64%) 0.52

Male gender 18 (72%) 12 (55%) 0.24
WHO performance score ≥ 2 5 (2%) 6 (27%) 0.73
HCT-comorbidity index 0.33

0 7 (28%) 5 (23%)
1-2 11 (44%) 6 (27%)
>2 7 (28%) 11 (50%)

WHO diagnosis 0.58
Recurrent genetic abnormalities 0 (0%) 1 (5%)
Myelodysplasia-related changes 12 (48%) 7 (32%)
Therapy-related changes 5 (20%) 6 (27%)
Not otherwise specified 8 (32%) 8 (36%)

Prior MDS 5 (20%) 2 (9%) 0.42
BM blast %

Median (min-max) 31 (20-71) 38 (20-95) 0.17
>30% 14 (56%) 13 (62%) 0.77

ELN genetic risk group 0.004*
Favourable 3 (13%) 2 (10%)
Intermediate I or II 17 (71%) 6 (29%)
Poor 4 (17%) 13 (62%)

Monosomal karyotype 0 (0%) 8 (38%) 0.001*
Complex karyotype 3 (13%) 8 (38%) 0.081
Other mutations

NPM1 0 (0%) 1 (5%) 0.48
FLT3-ITD 2 (9%) 4 (19%) 0.40

WBC >20 x109/L 2 (8%) 4 (18%) 0.40
Hb (mmol/L), median (min-max) 6.8 (3.0-8.6) 5.6 (4.1-9.6) 0.17
Platelets (x109/L), median (min-max) 52 (9-230) 49 (12-304) 0.38
LDH > ULN 11 (46%) 14 (64%) 0.25
Treatment 0.040*

Azacitidine 24 (96%) 16 (73%)
Decitabine 1 (4%) 6 (27%)

HCT, hematopoietic stem cell transplantation; WHO, World Health Organization; MDS, 
myelodysplastic syndromes; BM, bone marrow; ELN, European LeukemiaNet; WBC, white blood 
cell count; Hb, haemoglobin; LDH, lactate dehydrogenase; ULN, upper limit of normal.

Supplementary Table 1. Baseline characteristics
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