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large cohort of 187 PML/RARα-positive APL patients. No 
germline mutations in the  TERT  or  TERC  genes were identi-
fied. Codon 279 and 1062  TERT  polymorphisms were present 
at a frequency similar to that in the general population. TL 
measured in blood or marrow mononuclear cells at diagno-
sis was significantly shorter in the APL patients than in 
healthy volunteers, and shorter telomeres at diagnosis were 
significantly associated with high-risk disease. For patients 
who achieved complete remission, the median increase in TL 
from diagnosis to remission (delta TL) was 2.0 kilobase (kb), 
and we found delta TL to be the most powerful predictor of 
overall survival when compared with well-established risk 
factors for poor outcomes in APL.  © 2016 S. Karger AG, Basel 
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 Abstract 

 Telomeres are the capping ends of chromosomes that pro-
tect the loss of genetic material and prevent chromosomal 
instability. In human tissue-specific stem/progenitor cells, 
telomere length (TL) is maintained by the telomerase com-
plex, which consists of a reverse transcriptase catalytic sub-
unit (TERT) and an RNA template  (TERC) . Very short telo-
meres and loss-of-function mutations in the  TERT  and  TERC  
genes have been reported in acute myeloid leukemia, but 
the role of telomeres in acute promyelocytic leukemia (APL) 
has not been well established. We report the results for a 
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 Introduction 

 Telomeres are composed of tandem hexameric 
TTAGGG nucleotide repeats that protect them from the 
loss of genetic material due to end-replication deficiency 
of the DNA polymerase, as well as conferring stability to 
the chromosome ends. Telomeres are maintained by the 
telomerase enzyme complex, made up of a reverse tran-
scriptase catalytic subunit (TERT) and an RNA template 
 (TERC)   [1] . TERT enzymatically adds TTAGGG nucleo-
tide repeats to the 3 ′  end of the telomere leading strand 
by using  TERC  as a template. Present in very specific cells, 
such as embryonic and adult stem cells, telomerase elon-
gates the linear telomeric sequence by the addition of new 
hexameric repeats, thus slowing the attrition rate of telo-
meric repeats and preventing replicative cellular aging. 
Loss-of-function mutations in the telomerase complex 
genes lead to telomere shortening in humans, and have 
been linked to the malignant transformation and altera-
tion of normal bone marrow hematopoiesis  [2] . Telome-
rase activity is also often increased in neoplastic cells and 
is important for continuous cancer cell proliferation in 
human malignancies  [3] . Though very short telomeres 
and germline mutations in the  TERT  and  TERC  genes 
have been associated with acute myeloid leukemia (AML) 
 [4] , the association between telomere length (TL) or 
telomerase complex integrity and outcomes in patients 
with acute promyelocytic leukemia (APL) has not been 
thoroughly analyzed.

  The majority of patients with APL are characterized by 
a balanced reciprocal translocation between the long 
arms of chromosomes 15 and 17, giving rise to the novel 
PML/RARα fusion gene. Currently, APL is effectively 
treated with the cell differentiation inducer, all-trans ret-
inoic acid (ATRA) and with arsenic trioxide (ATO)  [5] . 
In vitro studies have demonstrated that the success of 
ATRA/ATO treatment may, at least in part, be explained 
by the synergistic effect in triggering the downregulation 
of the telomerase enzyme, leading to TL shortening and 
subsequent cell death  [6] . The association between TL 
and telomerase activity in patients with APL has been ad-
dressed sporadically, one report recognizing that short-
ened TL and elevated telomerase activity in APL patients 
correlate with inferior overall survival (OS)  [7] .

  Mutations in the human  TERT  and  TERC  genes have 
been described in dyskeratosis congenita and other bone 
marrow failure syndromes  [8–10] , placing these patients 
at a high risk of secondary malignant transformations 
 [11] . The link between mutations in the  TERT  and  TERC  
genes in association with APL is anecdotal, with only a 

few APL patients reported with  TERT  gene polymor-
phisms among a larger group of AML patients  [4] .

  This report describes the largest analysis to date of TL 
and germline mutations in  TERT  and  TERC  in mono-
nuclear cells (MNCs) from the blood or bone marrow of 
APL patients at all stages of disease including the time 
points diagnosis, complete remission (CR) and relapse. 
We measured TL and delta TL, i.e. the difference between 
TL in MNCs at diagnosis and in remission, in comparison 
with clinical and laboratory parameters, including disease 
risk status defined by presenting the white blood cell 
(WBC) count, early mortality, achievement of CR, dis-
ease-free survival (DFS) and OS.

  Materials and Methods 

 APL Cohort 
 One hundred and eighty-seven previously untreated APL pa-

tients enrolled in the intergroup trials E2491, C9710, S0521 and 
S0535, with available DNA from blood or bone marrow MNCs 
from the ECOG-ACRIN Leukemia Tissue Bank, were included in 
this study. E2491 was a phase III randomized study of ATRA ver-
sus cytosine arabinoside and daunorubicin as induction therapy in 
both high- and low-risk patients  [12] . C9710 was a phase III ran-
domized study of concurrent ATRA and chemotherapy with or 
without ATO as initial consolidation therapy followed by mainte-
nance therapy with intermittent ATRA versus intermittent ATRA 
plus mercaptopurine and methotrexate  [5] . S0521 was a phase III 
randomized trial of maintenance versus observation for low and 
intermediate risk APL. S0535 was a phase II study of ATRA, ATO 
and gemtuzumab ozogamicin in high-risk APL (both S0521 and 
S0535 are ongoing, but are no longer recruiting participants). The 
diagnosis of APL was established based on the presence of PML/
RARα by qualitative polymerase chain reaction (PCR). Disease 
risk groups were defined as: low-risk (WBC  ≤ 10 × 10 9 /l) and high-
risk (WBC >10 × 10 9 /l)  [5] . All studies were carried out in accor-
dance with local institution-approved regulations and informed 
written consent was obtained from each patient. TL in the APL 
samples was compared with samples from healthy, age-matched 
controls.

  TERT/TERC Sequencing and TL Assay 
 DNA was isolated from Ficoll-Hypaque-separated MNCs using 

the Qiagen DNA isolation kit. Mean TL was measured by a vali-
dated, CLIA-certified quantitative PCR method, using the Rotor-
Gene SYBR Green kit (Qiagen)  [13] . Relative TL was calculated by 
generating a ratio between total telomere DNA (T) and DNA from 
amplification of a single copy gene (S), thereby providing a relative 
T/S ratio normalized to the reference sample. Age-adjusted TL was 
calculated using 299 healthy volunteers, ages 0–99, for whom TL 
was measured from peripheral blood leukocytes. All healthy volun-
teers were enrolled in clinical research trials at the National Heart, 
Lung, and Blood Institute. Mean telomere content by quantitative 
PCR and Sanger sequencing of  TERC  and  TERT  were performed as 
previously described  [4, 5] . For ease of reading, we refer to mean 
telomere content as TL throughout this paper.
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  Statistical Analysis 
 Patient demographic factors and laboratory parameters were 

compared across groups using the Fisher exact test and the Krus-
kal-Wallis test when appropriate. The Spearman correlation was 
calculated between numeric variables. OS was measured from 
study entry to death from any cause with follow-up censored at the 
date of last contact. DFS was defined as the time from hematolog-
ic CR to relapse or death from any cause, whichever occurred ear-
lier. Patients without documented relapse or death reported were 
censored at the time of last contact. Given the heterogeneity of the 
study and treatment schedules, the analysis performed here was 
stratified by the combination of study and treatment. To examine 
the association between TL and clinical outcomes, the odds ratio 
(OR) and its corresponding 95% confidence interval (CI) were cal-
culated using stratified logistic models. OS and DFS were estimat-
ed using the Kaplan-Meier method and compared using stratified 
log-rank tests. Hazard ratios (HRs) were computed and tested us-
ing stratified univariate and multivariable Cox proportional-haz-
ards (PH) models, with ECOG performance status (PS, 0 vs. 1 vs. 

2–3), WBC risk status (low vs. high), age, and platelet and hemo-
globin counts serving as covariates in the multivariable model. The 
Cox PH models with forward selection (with the entry criterion set 
at 0.20) were used to find the most potent predictor of OS and DFS. 
All reported p values are 2-sided. A level of 5% was considered sta-
tistically significant.

  Results 

 Patient Characteristics 
 Patient pretreatment characteristics by study are pre-

sented in  table 1 . Median follow-up for survivors among 
the 187 patients was 3.9 years (range 0–14.5 years), from 
the time of study enrollment. No statistically significant 
differences were observed in age, sex, ECOG PS, platelet 

 Table 1.  Pretreatment characteristics for 190 patients with telomere data

Characteristics C9710 E2491 S0521 S0535 pa

Age, years 44.5 (18 – 75) 42.5 (16 – 76) 44 (22 – 59) 46 (19 – 63) 0.77
WBC count (×109/l)b 3.4 (0.4 – 117.4) 2.1 (0.3 – 550.0) 2.0 (0.4 – 12.4) 21.9 (10.4 – 91.7) <0.0001
Platelet count (×109/l)c 28.0 (4.0 – 232.0) 24.5 (2.0 – 144.0) 20.0 (7.0 – 65.0) 15.5 (12.0 – 72.0) 0.18
Hemoglobin, g/dld 9.5 (6.1 – 29.6) 9.7 (2.1 – 13.8) 8.8 (7.3 – 14.8) 9.2 (5.9 – 12.3) 0.92
Sex 0.53

Male 52 (58) 39 (53) – (–) – (–)
Female 38 (42) 35 (47) – (–) – (–)

ECOG PS 0.93
0 35 (41) 30 (41) 4 (31) 4 (31)
1 38 (45) 34 (46) 8 (61) 7 (54)
2 6 (7) 7 (9) 1 (8) 2 (15)
3 6 (7) 2 (4) 0 (0) 0 (0)
Unknown 5 (–) 0 (–) 0 (–) 0 (–)

Risk group by WBCb, e <0.0001
Low 64 (74) 58 (78) 12 (92) 0 (0)
High 22 (26) 16 (22) 1 (8) 13 (100)

Early deathf 0.65
No 84 (93) 67 (91) 13 (100) 13 (100)
Yes 6 (7) 7 (9) 0 (0) 0 (0)

CR 0.03
No 10 (11) 17 (23) 0 (0) 0 (0)
Yes 80 (89) 57 (77) 13 (100) 13 (100)

Relapse <0.0001
No 70 (88) 30 (53) 13 (100) 13 (100)
Yes 10 (12) 27 (47) 0 (0) 0 (0)

 Values express n (%) or median (range).
a Fisher exact test or Kruskal-Wallis test when appropriate.
b Four patients in C9710 without WBC data.
c Four patients in C9710 without platelet data; 1 patient in S0535 without platelet data.
d Seven patients in C9710 without hemoglobin data.
e Low-risk group, WBC ≤10 × 109/l and high-risk group >10 × 109/l.
f Defined as death occurring ≤30 days from entering the study.
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or hemoglobin values at baseline in the 4 studies but WBC 
count was statistically different, whether characterized by 
the numerical values on the continuous scale (medians of 
3.4, 2.1, 2.0 and 21.9 × 10 9 /l for C9710, E2491, S0521 and 
S0535, respectively; p < 0.001) or by risk status. Early 
death (defined as death occurring  ≤ 30 days from entering 
the study), CR and relapse status by study are also sum-
marized in  table 1 . Although there was no statistically sig-
nificant difference in early mortality rate across the 4 
studies (p = 0.65), a significant difference was noted with 
respect to CR (p = 0.03) and relapse status (p < 0.0001).

  TL at Diagnosis, Remission and Relapse of APL 
 Quantitative PCR measurements of TL in kilobase 

(kb) pairs was performed at various disease time points 
across all 4 studies in patients who had samples available 
for the extraction of DNA, and the results are presented 
in  table 2 . Of 187 patients analyzed at diagnosis, 143 had 
DNA available in hematologic and molecular CR (PML/
RARα-negative) and 18 at relapse. At diagnosis, DNA was 
extracted from blood or bone marrow MNCs that con-
tained a median of 75% (range 13–99%) of leukemic pro-
myelocytes. No statistically significant association be-
tween TL at presentation and the percentage of leukemic 
promyelocytes at presentation was observed (p = 0.12;
n = 172 for all 4 studies).

  TL at diagnosis was significantly different in all 4 studies 
(p = 0.002;  table 3 ). Similar results were observed for TL in 
remission (p = 0.002). Specifically, patients in S0535 had 
the lowest TL distribution at diagnosis (median 4.8, range 
4.2–7.2 kb) and those in S0521 had the highest TL distribu-
tion (median 5.7, range 4.6–6.4 kb), echoing the risk status 
of APL patients in these studies. Delta TL, i.e. the change 
in TL at the time of diagnosis of APL to the time of CR, was 
not significantly different across the 4 studies (p = 0.32). 
TL at relapse was only available for 5 patients from C9710 
and 13 patients from E2491, and it demonstrated no statis-
tically significant difference in TL between these 2 studies 
(p = 0.08). TL at diagnosis was significantly shorter in the 
APL samples than in the samples from healthy controls 
(median 5.1, range 3.9–7.7 kb vs. median 7.8, range 5.3–
14.2 kb; p < 0.0001;  fig. 1 a). For patients in CR, the median 
delta TL was 2.0 kb (range 0.1–7.1 kb; signed rank test 
against 0, p < 0.0001;  fig. 1 b); however, TL at remission in 
these patients was still shorter than that in the age-matched 
healthy control subjects (median 7.2, range 4.6–13.2 kb vs. 
7.8 kb; p < 0.0001). We observed a statistically significant 
increase in TL from the time points of diagnosis to relapse 
(median 5.1 vs. 6.5 kb; p = 0.005; n = 16). However, no sig-
nificant decrease in TL was found between CR and relapse 
(median 7.2 vs. 6.5 kb; p = 0.10). It must be noted that this 
finding was based on 14 patients only.

Time point N Median Q1 Q3 Minimum Maximum

Diagnosis 187 5.1 4.6 5.6 3.9 7.7
Remission 143 7.2 6.7 8.1 4.6 13.2
Delta TL1 140 2.0 1.3 2.7 0.1 7.1
Relapse 18 6.5 5.5 8.4 4.5 10.3

 1 Defined as TL at remission minus TL at diagnosis.

 Table 3.  TL (kb) by study and time point

Time point C9710 E2491 S0521  S0535 p1

n length n length n length  n length

Diagnosis 90 5.0 (3.9 – 6.9) 71 5.3 (4.1 – 7.7) 13 5.7 (4.6 – 6.4) 13 4.8 (4.2 – 7.2) 0.002
Remission 72 6.9 (4.6 – 10.7) 45 7.8 (5.1 – 13.2) 13 7.4 (6.4 – 9.2) 13 7.1 (5.4 – 9.9) 0.002
Delta TL2 72 1.9 (0.1 – 4.5) 42 2.3 (0.1 – 7.1) 13 1.9 (0.6 – 3.5) 13 2.3 (0.6 – 4.8) 0.32
Relapse 5 6.0 (4.5 – 6.9) 13 6.9 (4.6 – 10.3) 0 – 0 – 0.08

 Values are expressed as median (range).
1 Kruskal-Wallis test.
2 Defined as TL at remission minus TL at diagnosis.

 Table 2.  TL (kb) across studies at various 
time points
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  Longer Telomeres at Diagnosis Correlate with 
Low-Risk Disease and Better Clinical Outcomes 
 TL at diagnosis was significantly associated with dis-

ease risk status (OR = 4.32, 95% CI 2.02–9.22; p = 0.0002). 
Our results indicate that a 1-kb-higher TL at diagnosis 
translated into a 332% increase in the odds of having low-
risk APL. The association between TL at diagnosis and 
APL risk status once again supported the finding of dif-
ferences in TL at diagnosis in the 4 cohorts with different 
risk levels. Of the 187 patients with TL data at diagnosis, 
160 (85.6%) achieved CR and 13 (7.0%) died early across 
all studies. Neither CR (OR = 1.10, 95% CI 0.60–2.00; p = 
0.76) nor early death (OR = 0.62, 95% CI 0.25–1.53; p = 
0.30) was significantly associated with TL at diagnosis.

  A preliminary analysis of the impact of TL at diagnosis 
and delta TL on OS and DFS using the Akaike informa-
tion criterion (AIC) values from the stratified univariate 
Cox PH regression models showed that using the third 
quartile (Q3) as the cut-off point to dichotomize TL fits 
the model best (i.e. this decreased the AIC value most 
from the null model) compared to using the first quartile 
(Q1), the median (Q2) or else TL on the continuous scale 
(data not shown; no significant difference in AIC values 
with respect to various cut-off points for TL at remission). 
Consequently, the HR (TL: long/short or delta TL: big/
small) and its 95% CI with respect to OS and DFS were 
calculated using Q3 as the TL cut-off for each time point. 
 Table 4  summarizes the HR and its corresponding 95% 
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  Fig. 1.  TL at diagnosis ( a ) and remission ( b ), both displayed as TL (kb) over age (years) of APL patients compared 
to healthy, age-matched subjects. 

 Table 4.  OS and DFS rates using stratified univariate and multivariable Cox PH regression models

Outcome Parameter Univariate  Multivariable1

events/
total n

HR: long/short or
big/small (95% CI)

Wald p events/
t otal n

HR: long/short or
big/small (95% CI)

Wald p

OS2 TL at diagnosis (by Q3) 49/186 0.44 (0.21 – 0.90) 0.026 48/177 0.65 (0.29 – 1.45) 0.29
TL at remission (by Q3) 24/143 1.05 (0.44 – 2.53) 0.91 23/137 1.36 (0.50 – 3.69) 0.54
delta TL (by Q3)3 21/140 3.60 (1.44 – 9.01) 0.006 20/134 3.51 (1.20 – 10.31) 0.02

DFS TL at diagnosis (by Q3) 37/159 0.36 (0.15 – 0.87) 0.023 35/151 0.43 (0.16 – 1.14) 0.09
TL at remission (by Q3) 30/143 0.79 (0.35 – 1.77) 0.56 29/137 0.82 (0.34 – 2.00) 0.67
delta TL (by Q3)3 27/140 1.69 (0.76 – 3.79) 0.20 26/134 1.30 (0.51 – 3.29) 0.58

 1 Adjusted for ECOG PS (0 vs. 1 vs. 2 – 3), WBC risk group (low vs. high), age, platelet count and hemoglobin.
2 One patient in C9710 was missing a survival indicator.
3 Defined as TL at remission minus TL at diagnosis.
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CI for OS and DFS by disease time point, using univariate 
and multivariable Cox PH models. Both OS (log-rank p = 
0.023;  fig. 2 a) and DFS (log-rank test, p = 0.019;  fig. 2 b) 
were statistically superior in patients who presented with 
longer telomeres. However, this effect on OS and DFS 
disappeared after controlling for risk status (low vs. high), 
ECOG PS (0 vs. 1 vs. 2–3), age, platelet count and hemo-
globin value ( table 4 ). A Cox PH model with forward se-
lection on all these baseline predictors showed that risk 

status was selected into the model first to predict either 
OS (χ 2  = 6.55, p = 0.0002) or DFS (χ 2  = 6.55, p = 0.01), 
followed by hemoglobin and then TL at diagnosis.

  TL in Remission Does Not Correlate with Clinical 
Outcomes 
 Among the 143 patients with available TL in CR, 29 

(20.3%) relapsed. We found no statistically significant as-
sociation between TL at remission and the likelihood of 

1.0

0.8

0.6

0.4

0.2

0

0 2 4 6 8 10 12 14 16

Pr
ob

ab
ili

ty

1.0

0.8

0.6

0.4

0.2

0

Pr
ob

ab
ili

ty

Years

Telomere at presentation (by Q3) MedianTotal
143
43

 Fail
39
10

CNSR
104
33

Short
Long

0 2 4 6 8 10 12 14 16
Years

Telomere at presentation (by Q3) MedianTotal
122
37

 Fail
30
7

CNSR
92
30

Short
Long

p = 0.023 p = 0.019

a b

1.0

0.8

0.6

0.4

0.2

0

0 2 4 6 8 10 12 14 16

Pr
ob

ab
ili

ty

1.0

0.8

0.6

0.4

0.2

0

Pr
ob

ab
ili

ty

Years

Delta TL (by Q3) MedianTotal
106
34

 Fail
12
9

CNSR
94
25

Small
Big

0 2 4 6 8 10 12 14 16
Years

Delta TL (by Q3) MedianTotal
106
34

 Fail
17
10

CNSR
89
24

Small
Big

p = 0.004 p = 0.20

a b

  Fig. 2.  OS ( a ) and DFS ( b ) curves according to short or long TL at diagnosis (with Q3 as the cut-off point). 

  Fig. 3.  OS ( a ) and DFS ( b ) curves according to small or big delta TL (with Q3 as the cut-off point). 
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relapse (OR = 0.96, 95% CI 0.64–1.42; p = 0.82). Simi-
larly, delta TL did not significantly associate with risk of 
relapse (OR = 1.06, 95% CI 0.70–1.59; p = 0.79). TL at 
remission had no statistically significant effect on either 
OS (HR: long/short = 1.05, 95% CI 0.44–2.53; p = 0.91) or 
DFS (HR: long/short = 0.79, 95% CI 0.35–1.77; p = 0.56).

  We subsequently examined delta TL as it occurred 
during the disease course. For patients who achieved CR, 
this was the change in TL from the diagnosis of APL to 
CR, with a positive delta TL indicating an increase in TL 
at remission. There was a negative correlation between 
TL at remission and TL at diagnosis (Spearman: ρ = –0.27, 
p = 0.0012), suggesting that patients with shorter TL at 
diagnosis experience a bigger delta TL, and patients with 
a longer starting TL tended to achieve a smaller delta TL.

  TL Recovery (Delta TL) Is the Strongest Predictor of OS 
 Next, we analyzed the association of delta TL with clin-

ical outcomes [change in TL (small vs. big) dichotomized 
by Q3 (at 2.7 kb)]. Patients with a small delta TL had sig-
nificantly longer OS than patients with a big delta TL 
(HR: big/small = 3.60, 95% CI 1.44–9.01; p = 0.006). Re-
sults from multivariable Cox regression indicated that 
delta TL remained a statistically significant predictor for 
OS (HR = 3.51, 95% CI 1.20–10.31; p = 0.02) after adjust-
ing for known risk factors (WBC risk status, ECOG PS, 
age, platelet count and hemoglobin value) at baseline. 
This effect of delta TL on OS was even more pronounced 
in patients who achieved a CR (χ 2  = 9.61, p = 0.002) com-
pared to TL at diagnosis, age, ECOG PS, platelet count or 
hemoglobin value (χ 2  = 1.31, 6.29, 0.54, 2.13, 4.58 and 
0.52, respectively). A Cox model with forward selection 
on these predictors showed that delta TL was entered into 
the model first, followed by platelet count and then he-
moglobin value. DFS was not statistically different be-
tween patients with small and big delta TL (log-rank test 
p = 0.20;  fig. 3 b).

  TERT and TERC Mutational Status in APL 
 Sanger sequencing for the  TERT  and  TERC  genes of 

samples at diagnosis in the first 90 patients of this cohort 
failed to identify mutations, apart from the exon 2 codon 
279 ( GCC/ACC  – Ala/Thr) and the exon 15 codon 1062 
( GCC/ACC  – Ala/Thr) polymorphisms in the  TERT , which 
were identified at a frequency of 4.4 and 2.2%, respectively. 
These rates are ultimately similar to those found in 528 
previously reported healthy volunteers (1.9 and 1.3%, p = 
0.13 and p = 0.63, respectively, by the Fisher exact test)  [14]  
(online suppl. table 1S; for all online suppl. material, see 
www.karger.com/doi/10.1159/000448160). For the ob-

served polymorphisms in our patients, sequencing of the 
remission samples showed the heterozygous presence of 
the same single nucleotide variants, consistent with a 
germline inheritance. 

 Discussion 

 The treatment of APL is among the most unique in the 
myeloid leukemias, and represents a major triumph in 
the field of hematologic malignancies. The exquisite sen-
sitivity of PML/RARα containing leukemic promyelo-
cytes to ATRA and ATO results in a cure rate of 85–90%, 
provided that potentially lethal hemorrhagic complica-
tions at presentation or during induction are avoided 
 [15] . To date, the most important prognostic factor in 
APL, besides age, and the sole factor influencing treat-
ment decisions, has been the WBC count at presentation. 
Other biologic features, such as the PML/RARα isoform 
 [16] , the expression of the neural cell adhesion factor 
CD56  [17]  as well as additional cytogenetic abnormalities 
 [18]  or mutations in the  FLT3  gene  [19]  have been con-
sidered and found to have prognostic impact in some but 
not all studies. Considering survivorship issues in APL 
patients as the final frontier in the management of this 
disease, identification of stronger predictors of the long-
term outcome may prove invaluable, potentially directing 
post-remission therapy.

  In the largest study of TL in APL patients analyzed to 
date, we investigated TL in 187 subjects enrolled across 4 
intergroup trials. As seen in AML  [4]  and various solid 
tumors  [20] , DNA from untreated APL patients consis-
tently had very short TL when compared with healthy 
individuals. We assumed that the low-density MNCs col-
lected after the Ficoll gradient separation at diagnosis 
were all APL blasts. In fact, this cell fraction is frequently 
heterogeneous, particularly in APL cases with a low WBC 
count at presentation, in which the percentage of APL 
cells is typically much less than 100%. Nevertheless, in 
our study, we did not find an association between TL and 
the percentage of leukemic promyelocytes, even though 
the DNA extracted from the entire MNC fraction of blood 
or bone marrow samples contained a median of 75% leu-
kemic promyelocytes (range 13–99%). As an adjustment 
to this variance, separating the APL promyelocytes with 
flow-cytometric sorting and analyzing a pure APL blast 
population could, in future trials, provide a more refined 
measurement of TL.

  At diagnosis, TL was a statistically significant predic-
tor of both DFS and OS. However, very short telomeres 
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were associated with a higher WBC count, suggesting that 
the increased proliferative rate of the leukemic cells led to 
enhanced telomere attrition.

  The only existing study of telomere biology in APL is a 
retrospective analysis of 32 newly diagnosed and 8 re-
lapsed APL patients from a single institution  [7] . In this 
particular study, telomerase activity was significantly 
higher in relapsed versus newly diagnosed patients, and a 
higher degree of TL recovery (corresponding to the delta 
TL in our study) was a predictor for longer OS. In our
cohort, delta TL was the most powerful predictor of OS, 
more powerful than WBC risk status which currently 
stands as the only clinical parameter that segregates pa-
tients into low- and high-risk subgroups, ultimately in-
forming treatment  [5] . This biological association, now 
found in 2 independent retrospective APL cohorts, may 
appear paradoxical, as recovery to normal hematopoiesis 
with longer telomeres in circulating leukocytes should not 
be associated with poorer outcomes. As TL in remission 
is likely representative of the TL of normal hematopoietic 
cells, delta TL is a measure of the degree of telomere attri-
tion occurring from the time of acquisition of t(15:   17) in 
a normal myeloid stem/progenitor to the overt presenta-
tion of APL. Thus, a big delta TL identifies a group of pa-
tients with very active disease and inferior prognosis bet-
ter than the WBC count at diagnosis of APL. In our anal-
ysis, we accounted for known clinical risk factors for poor 
OS in APL but we cannot rule out that other indicators of 
inferior outcome played a role in this patient population. 
Molecular markers such as FLT3-ITD  [19] , CD95 pro-
moter polymorphism variants  [21]  or minimal residual 
disease by reverse-transcription PCR  [22]  have been pro-
posed as relevant predictors of outcome, and are likely 
responsible for refractory/relapsed disease through vari-
ous (postulated or proven) mechanisms. Telomere dy-
namics in recovery from APL should be investigated as an 
additional factor in identifying high-risk disease regard-
less of the available molecular mechanisms.

  In patients with AML, germline mutations in human 
 TERT  have been described, with the most common muta-
tion being 3 times more prevalent than in healthy controls 
 [4] . In our analysis of APL patients,  TERT  mutations in 
exon 2 codon 279 (Ala/Thr) and polymorphisms in exon 
15 codon 1062 (Ala/Thr) were identified at a frequency 
similar to that in normal healthy volunteers  [14] , consis-
tent with t(15:   17) being sufficient to drive the leukemic 
process in APL  [16] . Moreover, APL was not reported in 
a cohort of patients with telomere disease  [23] , making
it unlikely that  TERT  mutations or short telomeres are 
associated with the acquisition of t(15:   17).

  Recently reported phase III trials from Europe that uti-
lized the ATRA/ATO combinations upfront across all 
APL risk subgroups did not explore the role of telomere 
dynamics in disease stratification and/or low rates of re-
lapse  [24, 25] . Our findings on TL and delta TL in par-
ticular as powerful predictors of OS in APL warrant pro-
spective confirmation. Given that most of the deaths in 
our analysis (all the E2491 cases and the majority of the 
C9710 cases) occurred in patients that did not receive pri-
mary ATO, this analysis needs to be applied in particular 
to updated and ongoing protocols that use upfront ATO. 
If corroborated, TL measurement may be useful as a sim-
ple and inexpensive parameter in disease risk stratifica-
tion and as a meaningful predictor of OS in patients with 
APL.
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