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Summary

Bone marrow (BM) fibrosis is associated with poor prognosis in patients with de novo 
myelodysplastic syndromes (MDS). TP53 mutations and TP53 (p53) overexpression in MDS are 

also associated with poor patient outcomes. The prevalence and significance of TP53 mutations 

and TP53 overexpression in MDS with fibrosis are unknown.

We studied 67 patients with de novo MDS demonstrating moderate to severe reticulin fibrosis 

(MDS-F). Expression of TP53 was evaluated in BM core biopsy specimens using dual-colour 

CD34/TP53 immunohistochemistry with computer-assisted image analysis. Mutation analysis was 

performed using next-generation sequencing, or Sanger sequencing methods.

TP53 mutations were present in 44.4% of cases. TP53 mutation was significantly associated with 

TP53 expression (p= 0.0294). High levels of TP53 expression (3+ in ≥10% cells) were associated 

with higher BM blast counts (p=0.0149); alterations of chromosomes 5 (p= 0.0009) or 7 (p= 

0.0141); complex karyotype (p= 0.0002); high- and very-high risk IPSS-R groups (p =0.009); and 

TP53 mutations (p=0.0003). High TP53 expression independently predicted shorter overall 

survival (OS) by multivariate analysis (p=<0.001). Expression of TP53 by CD34-positive cells was 

associated with shorter OS and leukaemia-free survival (p=0.0428). TP53 overexpression is a 

predictor of poor outcome in patients with MDS-F.
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Introduction

Moderate to severe bone marrow (BM) fibrosis can be detected at presentation in a subset of 

patients with myelodysplastic syndromes (MDS). Several studies have demonstrated that 

fibrosis in MDS is associated with adverse features, including shorter overall survival (OS). 

(Buesche, et al 2008, Della Porta and Malcovati 2011, Della Porta, et al 2009, Fu, et al 2014, 

Lambertenghi-Deliliers, et al 1991, Verhoef, et al 1991) Notably, the adverse impact on OS 

seems to be independent of other factors, such as BM blast count and poor-risk cytogenetics 

in multivariate modelling. (Della Porta, et al 2009) As a result, widely applied 

prognostication schemes, including the Revised International Prognostic Scoring System 

(IPSS-R), that rely heavily on blast percentage and cytogenetics have been reported to be of 

limited utility in predicting outcomes in patients with MDS associated with fibrosis (MDS-

F). (Fu, et al 2014, Machherndl-Spandl, et al 2014)

TP53 overexpression has been shown to be associated with a poor clinical outcome in a 

subset of de novo MDS cases. (Cleven, et al 2015, Honkaniemi, et al 2014, Saft, et al 2014) 

TP53 overexpression correlates with TP53 mutations, which can be observed in up to 7% of 

de novo MDS cases and have been shown to be associated with adverse clinical features and 

poor patient outcomes.(Bejar, et al 2011) However, the frequency of TP53 protein 

overexpression in de novo MDS-F remains unknown.

In this study we demonstrate a relatively high frequency of TP53 protein overexpression in 

MDS-F and demonstrate the utility of TP53 immunohistochemistry as a prognostic marker 

in this disease subset.

Methods

Patients

This study was approved by the Institutional Review Board of The University of Texas MD 

Anderson Cancer Center (MDACC) and carried out in accordance with the Declaration of 

Helsinki. All patients who presented to our institution with de novo MDS between 1 

September 2002 and 22 October 2014 were identified. Selection criteria for the study group 

were as follows: 1) 18 years of age or older at time of diagnosis; 2) diagnosis of MDS as 

defined by the 2008 World Health Organization (WHO) classification (Brunning, et al 2008, 

Vardiman, et al 2009); and, 3) moderate (MF2) or severe (MF3) BM fibrosis at the time of 

initial diagnosis, graded according to the European Bone Marrow Fibrosis Network 

(EUMNET) criteria(Thiele, et al 2005). We excluded patients with myeloproliferative 

neoplasms, myelodysplastic/ myeloproliferative neoplasms, therapy-related myeloid 

neoplasms, and those who had received therapy for MDS (other than supportive therapy) 

prior to the onset of fibrosis. Clinical and laboratory data were obtained by chart review with 

emphasis on variables demonstrated to have prognostic utility in MDS patients.(Greenberg, 

et al 2012)

Bone marrow morphology and fibrosis assessment

All diagnostic BM samples were reviewed and the diagnosis of MDS was confirmed. 

Cellularity was assessed relative to age according to the EUMNET criteria.(Thiele, et al 
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2005) The presence or absence of morphological dysplasia in the haematopoietic cell 

lineages was recorded.(Della Porta, et al 2015) BM blast percentage was enumerated by a 

500-cell count using Wright-Giemsa-stained aspirate smears and/or touch imprints. All cases 

were classified into the appropriate MDS category according to the WHO 2008 scheme. 

(Vardiman, et al 2009) Reticulin and Masson Trichrome stains performed on tissue sections 

prepared from paraffin-embedded trephine biopsy specimens and assessed for extent of 

reticulin and collagen fibrosis, respectively.

Immunohistochemistry and digital image analysis

Dual-colour immunohistochemistry (IHC) was performed using paraffin-embedded BM 

biopsy sections on a Leica Bond platform using anti-TP53 (DO-7, Dako, Carpinteria, CA) 

and anti-CD34 (My10, BD Biosciences, San Jose, CA) antibodies.

Immunohistochemical results were reviewed independently by two haematopathologists 

blinded to the clinical and laboratory features. The percentage of CD34+ cells was assessed 

by manual count in 5 or more randomly selected high-power fields at 400× magnification on 

an Olympus microscope (Olympus, Waltham, MA) and recorded as a fraction of total BM 

nucleated cells in 5% increments. The intensity of TP53 staining was graded on a scale of 0–

3+ (0: no staining; 1+: weak staining; 2+: moderate staining; 3+ strong staining). The 

presence of strong co-expression of TP53 by CD34+ cells (3+ TP53 expression in CD34-

positive cells) and the presence of CD34+ clusters (≥3 CD34+ cells, as described 

previously(Della Porta, et al 2009)) were recorded.

All dual-stained immunohistochemistry slides were scanned using the Aperio ScanScope 

(Aperio Technologies, Vista, CA, USA). Representative areas of the BM core biopsy 

specimen were selected for digital image analysis using the nuclear algorithm of the Aperio 

ImageScope software. All digital analysis data were confirmed by manual review. The 

percentage of cells with TP53 expression and the intensity (on a scale of 1–3+) were 

recorded as a fraction of total BM nucleated cells. A previously established cut-off of ≥1% 

3+ TP53 positive cells was used to consider a case TP53 positive. (Saft, et al 2014)

Cytogenetic analysis

Conventional cytogenetic analysis was performed as part of routine clinical workup using 

previously described techniques.(Khoury, et al 2003) Patients were assigned to cytogenetic 

risk groups according to the Revised International Prognostic Scoring System for 

Myelodysplastic Syndromes (IPSS-R). (Greenberg, et al 2012) In addition, complementary 

or confirmatory fluorescence in situ hybridization (FISH) analysis for abnormalities of 

chromosomes 5, 7, 8, 17 and 20 was performed in a subset of patients.

Molecular analysis

Mutation analysis was performed using DNA extracted from BM aspirate samples in a 

subset of patients using the following techniques: Next-generation sequencing-based 

mutation analysis of hotspot genomic loci (EZH2, DNMT3A, GNAS, IDH1, IDH2, JAK2, 
KIT, KMT2A [MLL], MPL, NPM1, NOTCH1, NRAS, KRAS, and TP53) or exonic regions 

(ABL1, EGFR, GATA2, IKZF2, MDM2, NOTCH1, RUNX1, ASXL1, EZH2, HRAS, JAK2, 
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KMT2A, NPM1, TET2, BRAF, IDH1, KIT, NRAS, TP53, DNMT3A, GATA1, IDH2, 
KRAS, MYD88, PTPN11, WT1) was performed using the Illumina MiSeq sequencer 

(Illumina, San Diego, CA) as described previously.(Zhang, et al 2014) FLT3 (internal 

tandem duplication and D835) and NPM1 (exon12, codons 956–971) mutations were 

assessed by polymerase chain reaction (PCR) followed by capillary electrophoresis on 

Genetic Analyser (Applied Biosystems, Foster City, CA), as described previously.(Warren, 

et al 2012) In a subset of patients, mutations in TP53 (exons 4–9), IDH1 (exon 4) and IDH2 
(exon 4) were assessed using Sanger sequencing (Applied Biosystems), and mutations in 

NRAS and KRAS (codons 12, 13, and 61), MPL (codon 515) and JAK2 (codon 617) were 

analysed using pyrosequencing (Biotage, Uppsala, Sweden).

Statistical analysis

Statistical analysis was performed using GraphPad Prism 6 (GraphPad Software, Inc., La 

Jolla, CA) and IBM SPSS Statistics 22.0 (IBM, Armonk, NY). Fisher’s exact test and Mann-

Whitney U test were used to assess categorical and continuous variables, respectively. The 

Spearman rank method was used to asses correlations. The Kaplan-Meier method was used 

to asses overall and acute myeloid leukaemia (AML)-free survival using the log-rank 

(Mantel-Cox) test. Overall survival (OS) was calculated as the time period from the date of 

MDS diagnosis to the date of last follow-up or death of any cause. Leukaemia-free survival 

was defined as the time period from the date of diagnosis to the date of progression to AML. 

Patients who received allogeneic stem cell transplant (SCT) were censored at the time of 

transplant. Multivariate analysis was conducted using backward stepwise (Wald) elimination 

of prognostic factors to determine those that are independently impactful. A p< 0.05 was 

considered statistically significant.

Results

Clinical and laboratory features of patients with MDS-F

The study group included 67 patients, 42 (62.7%) men and 25 (37.3%) women with a 

median age of 64.6 years at the time of diagnosis (range, 18.1–91.3 years). These cases of 

MDS were classified as follows: 27 (40.3%) refractory cytopenia with multilineage 

dysplasia (RCMD); 21 (31.3%) refractory anaemia with excess blasts-1 (RAEB-1); 16 

(23.9%) refractory anaemia with excess blasts-2 (RAEB-2); and 3 (4.5%) refractory 

cytopenia with unilineage dysplasia (RCUD). Constitutional symptoms and palpable 

organomegaly were seen in 32 (47.8%) and 7 of 66 (10.6%) patients, respectively. The 

median haemoglobin (Hb), absolute neutrophil count (ANC) and platelet count at the time of 

presentation were 95 g/l (range, 65–137), 1.52 × 109/l (range, 0.1–7.8) and 53 × 109/l (range, 

2–403), respectively. Thirty-nine patients (58.2%) were deemed to be transfusion-dependent. 

Sixty-three patients were stratified into IPSS-R risk groups as follows: 3 (4.8%) very low; 14 

(22.2%) low; 18 (28.6%) intermediate; 8 (12.7%) high; and 20 (31.7%) as very high-risk.

Clinical follow-up was available for all patients (median 17.1 months; range, 0.85–113.0). 

Overall, 22 (32.8%) patients progressed to AML within a median of 13.2 months and 45 

(67.2%) patients died within a median of 19.1 months. Patients within the very low and low-
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risk IPSS-R groups had significantly longer OS compared with patients within other risk 

categories (p=0.0083). [Fig 1]

Cytogenetic findings

Sufficient cytogenetic data were available for 66 patients (median number of metaphases 

analysed=20; range, 11–30). Of these, 26 (39.3%) patients had a diploid karyotype and 17 

(25.8%) had a complex karyotype (≥3 alterations). In one patient, only 2 metaphases were 

available for evaluation that showed 45,XY,−7; monosomy 7 was further confirmed by 

interphase FISH. Monosomy 5/del(5q) was detected in 14 (21.5%) patients; none had 

isolated del 5q. Monosomy 7/del(7q) was detected in 11 of 66 (16.6%) patients and other, 

less frequent abnormalities included trisomy 8 (15.4%), monosomy 17/del(17p) (13.8%) and 

del(20q) (9.2%). IPSS-R cytogenetic risk categories were available for 66 patients and were 

as follows: 30 (45.5%) good; 15 (22.7%) intermediate; 5 (7.5%) poor and 16 (24.2%) very 

poor.

Molecular analysis

The most frequently observed mutation in this patient group was in TP53, in 8 of 17 (44.4%) 

patients, including two TP53 mutations in three of these patients. Other gene mutations 

identified included ASXL1 (1/3; 33.3%), GNAS (1/15; 6.7%), JAK2 (2/37; 5.4%), IDH1 
(1/22; 4.5%); IDH2 (1/22; 4.5%); KRAS (2/58; 3.4%), and FLT3 (1/59; 1.7 %) (Fig S1). No 

mutations in KIT (n=37), NPM1 (n=29), MPL (n=19), EZH2 (n=15), NOTCH1 (n=15), 

DNMT3A (n=16), RUNX1 (n=3), TET2 (n=3), KMT2A (N=3), or KMT2A (n=3) were 

detected.

Of the 11 TP53 mutations identified, nine were missense mutations, one was a nonsense 

mutation resulting in early termination and one was a deletion resulting in early termination 

of the gene. The latter two mutations were both present in conjunction with additional 

missense TP53 mutations (Supplementary Table 1).

Clinical correlates of TP53 overexpression in MDS-F

As no data on TP53 expression in MDS-F exists, we initially determined a meaningful cut-

off for TP53 expression by immunohistochemistry using TP53 mutation status with an 

allelic frequency >5% as a standard, in line with previous reports(Lambertenghi-Deliliers, et 
al 1991) and our clinical reporting procedures. Starting with a previously established cut-off 

of 3+ expression in ≥1% of cells(Saft, et al 2014) (overexpression), 41/67 (61.2%) MDS-F 

cases were positive for TP53 overexpression (range, 1–65%). Using this cut-off, TP53 

overexpression was significantly associated with TP53 mutations (p=0.0294). Strong TP53 

overexpression was observed mostly in early granulocytic (40/41) and erythroid (39/41) 

precursors, and less often in megakaryocytes (26/41). In cases with wild-type TP53, the 

median number of 3+ TP53-positive cells was 0.76% (range, 0.22–2.59%). However, when 

we compared TP53 expression to TP53 mutation status, the extent of TP53 overexpression 

in TP53-mutated cases ranged from 4.6–65.0% (median 21.0%), with all but one case (6/7) 

having 3+ expression in ≥10%. [Fig 2] Notably, in the one case with 3+ TP53 expression in 

only 4.6% of cells, the estimated allelic frequency of the TP53 mutation was 

commensurately low (<5%). On the basis of these findings, we defined 3+ TP53 expression 
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in ≥10% of cellularity as a clinically relevant cut-off, thereafter designated TP53high. [Fig 

S2] Eleven (16.4%) patients had TP53high MDS-F. The remaining patients (n=56) 

(TP53neg-low) included 24 who had <1% 3+ TP53 expression and 32 those who had 1–9% 

3+ TP53 expression. The clinical and pathological features of the TP53high and TP53neg-low 

groups are summarized in Tables I and II, respectively.

Patients in the TP53high group had higher BM blast counts (p=0.0149); more frequently had 

high-risk cytogenetics (p=0.0030) - including alterations of chromosome 7 (p=0.0141) and 

complex karyotype (p=0.0002); a higher frequency of high and very-high IPSS-R risk 

categories; and alterations of chromosome 5 (p=0.0009) compared with patients in the 

TP53neg-low group. Patients in the TP53high group were less often transfusion-dependent 

compared to those in the TP53neg-low group (27.3% vs. 64.3%, p=0.0417). There was no 

significant difference between the two groups with respect to age, sex, constitutional 

symptoms, organomegaly, complete blood count indices, BM cellularity, MDS diagnostic 

categories, dysplasia, or the presence of CD34+ cell clusters. Notably, patients in the 

TP53high group had a significantly shorter OS compared with patients in the TP53neg-low 

group (median 10.9 vs. 21.8 months, p=0.0096; Hazard ratio [HR]: 2.91, 95% confidence 

interval [CI]: 1.60–23.13) [Fig 3A] and a trend towards shorter leukaemia-free survival 

(p=0.0580) [Fig 3B]

Patients were stratified into five groups according to the most aggressive type of therapy 

administered during the course of disease. Twenty-eight (41.8%) patients received 

hypomethylating therapy, 14 (20.9%) were treated with supportive measures, 13 (19.4%) 

received allogeneic SCT, 7 (10.4%) were treated with chemotherapy and 5 (7.5%) were 

treated with other therapeutic measures, including immunotherapy. Analysing outcomes of 

patients in these clinical groups, those who received SCT had a significantly longer OS 

compared with patients in the other groups (p=0.0166). Three of the patients treated with 

SCT had TP53high disease (range, 40–70%) and TP53 mutation; these patients were alive 

and free of disease at latest follow-up (range 8.2–18.2 months).

Clinical correlates of CD34/TP53 co-expression and CD34-positive clusters in MDS-F

In view of previous reports suggesting a prognostic role for CD34-positive clusters in MDS 

(Della Porta et al, 2009), and to assess the prevalence of TP53 overexpression in blasts 

versus maturing elements, we performed dual-colour immunohistochemistry to colocalize 

CD34-positive and TP53-positive cells in MDS-F. Forty-three (64.2%) cases showed strong 

(3+) TP53 overexpression in CD34+ cells. The presence of CD34+ cells with strong TP53 

coexpression was associated with increased (>5%) BM blasts (p= 0.0019). Patients with 

CD34/TP53 coexpression had a significantly shorter OS (median 16.01 vs. 27.22 months, 

p=0.0419; HR= 2.014, 95% CI: 1.033–3.657) and leukaemia-free survival (p=0.0428; HR= 

2.909; 95% CI: 1.049–6.427). (Fig 4A–B)

We then assessed the impact of CD34-positive clusters, independent of TP53 expression, in 

this cohort of patients with MDS-F. CD34-positive cell clusters were identified in 31 

(46.2%) patient BM samples. The presence of CD34-positive cells clusters was associated 

with increased (>5%) BM blasts (p=<0.0001). However, there was no association between 

CD34-positive clusters and OS or leukaemia-free survival.
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Multivariate analysis

We performed multivariate analysis using backward stepwise elimination of prognostic 

factors to determine the independent impact of each variable. We included age at diagnosis, 

sex, Hb, white blood cell count, ANC, platelet count, BM blast count, transfusion 

dependence, alterations of chromosome 5, alterations of chromosome 7, presence of 

complex karyotypic abnormalities, IPSS-R cytogenetic risk group (Poor and very poor risk 

groups vs. others), expression in ≥10% of cells (TP53high), presence of CD34 clusters and 

TP53/CD34 coexpression in our initial multivariate analysis model and found that age 

(p=<0.0001), Hb (p=0.002) and TP53high status (p=0.007) were independently associated 

with shorter OS while other prognostic factors were not statistically significant. We then 

removed IPSS-R cytogenetic risk group as a potential confounding factor to assess the 

effects of each karyotypic abnormality individually and found that age (p=<0.0001), Hb 

(p=0.001), TP53high status (p=0.003), presence of CD34 clusters (p=0.049) and complex 

karyotype emerged as significantly associated with shorter OS while all other factors 

included were not. We further removed the possible confounding factor of complex 

karyotype to assess the potentially independent influence of chromosome 5 and/or 7 

alterations and found that age (p=0.001), Hb (p=0.002), TP53high status (p=0.008), and 

alterations of chromosome 5 (p=0.016) were associated with shorter OS while other factors 

were not. We then reintroduced IPSS-R cytogenetic risk assignment, representing the overall 

contribution of karyotype and removed Hb as a potential confounding factor to assess the 

effect of transfusion dependence. At this stage we also removed all other cytogenetic-related 

prognostic factors, as well as those that were previously insignificant, including sex, CD34 

clusters, CD34/TP53 coexpression, WBC, ANC and platelet count, and found that age 

(p=<0.0001), IPSS-R cytogenetic risk group (p=0.002) and TP53high status (p=<0.001) were 

associated with shorter OS while transfusion dependence and BM blasts were not. The 

combination of analyses used in this stepwise elimination method resulted in a final 

multivariate analysis model that includes age (p=<0.001), TP53high status (p=<0.001), Hb 

(p=0.012) and IPSS-R cytogenetic risk group (p=0.008). The details of the multivariate 

analysis are provided in Table III.

Discussion

In the current study we show a relatively high frequency of TP53 expression in de novo 
MDS-F and demonstrate the utility of dual-colour immunohistochemistry for TP53 and 

CD34 as an effective tool to enhance risk-stratification for patients with MDS-F.

To our knowledge, this study is the first to examine the prognostic impact of TP53 protein 

expression in MDS-F and demonstrate the independent association of TP53 overexpression 

with shorter OS in this group of patients. We acknowledge that a cut-off of ≥10% 3+ TP53-

positive cells is arbitrary; however, in contrast with earlier studies that used a cut-off of ≥1% 

3+ TP53 expression in low-risk and therapy-related MDS (Cleven, et al 2015, Saft, et al 
2014), we found that using a cut-off of ≥10% 3+ TP53 expression in MDS-F was associated 

with patient outcome whereas lower cut-offs [e.g. 1% and 5%; although 5% was predictive 

of shorter OS by univariate analysis, it was not independently associated with outcome when 

co-analysed with other prognostic features (data not shown)]. This observation is supported 
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by the fact that all TP53 mutated cases, except one, showed ≥10% 3+ TP53 protein 

expression by immunohistochemistry. Although not encountered in our study, it should be 

noted that one drawback to using immunohistochemistry for determining TP53 mutation 

status and patient prognostication is that assessment of TP53 overexpression by IHC may 

render false negative results in cases with mutations that result in protein truncation. Two 

cases with early termination mutations were included in our study; however, both of these 

cases had additional missense TP53 mutations resulting in protein overexpression and 

therefore showed ≥10% 3+ TP53 -positive cells by IHC. Similar to previous studies (Cleven 

et al 2015; Saft et al 2014), we found that the presence of cells with weak (1+) to moderate 

(2+) TP53 staining had no association with clinical features or patient outcomes (data not 

shown). Based on our findings, we propose a working algorithm (Fig 5) that incorporates 

reticulin staining and TP53 immunohistochemistry using BM core biopsy specimens in 

cases of de novo MDS that will help in identifying this high-risk group of patients and 

enhance risk assessment.

Although only assessed in a subset of cases, TP53 was the most frequently mutated gene in 

this study with a frequency of 44%. This frequency is higher than the reported 7–10% 

reported frequency of TP53 mutations in de novo MDS patients in general, (Bejar, et al 
2014, Kulasekararaj, et al 2013) and more similar to the frequency of TP53 mutations in 

therapy-related MDS. (Andersen, et al 2005, Christiansen, et al 2001) The unfavourable 

effect of TP53 mutations in MDS has been well established. (Bally, et al 2014, Jadersten, et 
al 2011, Kulasekararaj, et al 2013, Volkert, et al 2014) Although the exact pathogenic role of 

TP53 mutations in MDS and AML is unknown, recent studies have demonstrated that TP53 
mutant haematopoietic stem cells have a competitive survival advantage compared to their 

TP53 wild type counterparts during the course of chemotherapy, even in patients where the 

TP53 mutant clone represents a minor subclone. (Bondar and Medzhitov 2010, Marusyk, et 
al 2010, Wong, et al 2015) The observation of frequent TP53 mutations in MDS-F may, in 

part, explain the frequent association of this disease subtype with adverse clinical features 

and the dismal prognosis of this subset of patients. (Buesche, et al 2008, Della Porta and 

Malcovati 2011, Fu, et al 2014, Marisavljevic, et al 2004)

The association of TP53 protein overexpression with alterations of chromosome 5 (−5, del 

5q) has been shown in de novo and therapy-related MDS by others. (Cleven, et al 2015, 

Kulasekararaj, et al 2013, Saft, et al 2014) We also observed a strong association between 

TP53 protein expression by immunohistochemistry and abnormalities of chromosome 5 in 

this cohort of patients with MDS-F and there was also a significant t association between 

TP53 protein expression and high-risk karyotypic features including alterations of 

chromosome 7 (monosomy 7, del 7q) and a complex karyotype.

Earlier studies have shown that patients with MDS and severe BM fibrosis have 

unfavourable outcomes when treated with SCT. (Kroger, et al 2011) In a recent study of 

TP53 protein expression in therapy-related MDS (Cleven, et al 2015), the authors showed 

that TP53-positive cases treated with SCT had very poor outcomes. In contrast, three 

patients with TP53 protein overexpression and TP53 mutation in this study who underwent 

allogeneic SCT had favourable outcomes and were alive and free of disease. This is 

obviously a small number of patients; however, the potential role of SCT in patients with 
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MDS-F and TP53 protein expression/TP53 mutation should be systematically analysed in a 

larger cohort of patients.

We found that the presence of CD34+ cells showing 3+ TP53 expression was associated 

with increased BM blasts and shorter OS and leukaemia-free survival by univariate analysis. 

Previous studies have established the prognostic impact of increased BM blast counts in 

MDS-F. (Machherndl-Spandl, et al 2014) Incorporation of anti-CD34 in this 

immunohistochemistry cocktail is helpful in the enumeration of BM blast counts in this 

group of patients where the presence of moderate to severe BM fibrosis often leads to 

suboptimal BM aspirate smears, hampering accurate assessment of BM blast cell counts.

In summary, we show a high frequency of TP53 overexpression in > 10% BM cells in de 
novo MDS-F. TP53 overexpression correlates with TP53 mutations and is an independent 

adverse prognostic factor that may aid in risk-stratification for MDS-F patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Overall survival (OS) of patients with myelodysplastic syndrome with fibrosis grouped 

according to the Revised International Prognostics Stratification System. Patients within the 

very low and low risk groups according had significantly longer overall survival compared to 

those within other risk groups (p=0.0083).
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Figure 2. 
Dual-colour immunohistochemistry for assessment of TP53 (brown) and CD34 (red) 

expression in myelodysplastic syndrome with fibrosis. (A) Strong TP53 expression is 

detected in 65% of cells in this sample within the erythroid, granulocytic, and 

megakaryocytic lineages (200×). (B) Another case with strong TP53 expression in 21% of 

cells. Note strong TP53 expression in CD34-positive cells in clusters (circled) (400×).
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Figure 3. 
TP53 expression and survival. Patients with myelodysplastic syndrome with fibrosis in the 

TP53high group had (A) a significantly shorter overall survival (OS) compared to patients in 

the TP53neg-low group (p=0.0096) and (B) tended to have a shorter leukaemia-free survival 

(p=0.058).
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Figure 4. 
TP53 expression by CD34-positive cells and survival. Patients with myelodysplastic 

syndrome with fibrosis and strong (3+) TP53 expression by CD34-positive cells had (A) 

significantly shorter overall survival (OS, p=0.0419) and (B) leukaemia-free survival 

(p=0.0428) in comparison to those without p53 expression in CD34-positive cells.
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Figure 5. 
Proposed bone marrow evaluation algorithm for myelodysplastic syndromes. Proposed bone 

marrow evaluation algorithm for patients with de novo myelodysplastic syndromes 

incorporating fibrosis assessment, TP53 immunohistochemistry (IHC), and TP53 mutation 

analysis.
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Table II

Pathological features of MDS-F patients by TP53 expression status.

Variable MDS-F with TP53neg-

low
MDS-F with

TP53high
p value

BM cellularity relative to age 0.4097

Low 3 (5.4) 0

Normal 5 (8.9) 0

High 48 (85.7) 11 (100)

BM blast % median (range) 4 (0–19) 8 (0–16) 0.0149

MDS categories 0.0985

RCUD 3 (5.4) 0

RCMD 26 (46.4) 1 (9.1)

RAEB-1 12 (21.4) 4 (36.4)

RAEB-2 15 (26.8) 6 (54.5)

% CD34-positive cells 0.0762

<5 38 (67.9) 4(36.4)

5–9 2 (3.6) 6(54.5)

10–14 4 (7.1) 0

15–19 3 (5.3) 1(9.1)

CD34-positive clusters 25 (44.6) 6(54.5) 0.7425

TP53 mutation 1/10 (10) 7/7 (100) 0.0003

Abbreviations: BM: Bone marrow; MDS-F: myelodysplastic syndrome with fibrosis; RCUD: refractory cytopenia with unilineage dysplasia; 
RCMD: refractory cytopenia with multilineage dysplasia; RAEB-1: refractory anaemia with excess blasts type 1; RAEB-2: refractory anaemia with 
excess blasts type 2
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Table III

Multivariate analysis of prognostic variables in MDS-F.

Variable p Value HR 95% CI

Lower Upper

Age <0.0001 1.072 1.041 1.103

Haemoglobin 0.012 0.751 0.601 0.940

IPSS-R cytogenetics* 0.008 2.444 1.265 4.719

P53 ≥10% <0.001 5.754 2.416 13.705

Abbreviations: MDS-F: myelodysplastic syndrome with fibrosis; HR: Hazard ratio; 95% CI: 95% confidence interval; ANC: absolute neutrophil 
count; BM: Bone marrow; IPSS-R: Revised International Prognostic Scoring System for Myelodysplastic Syndromes.

*
Poor and very poor risk groups vs. others.
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