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Abstract

Comorbidities significantly affect the prognosis and outcomes of patients with hematological 

malignancies. We have previously reported the impact of comorbidities on the International 

Prognostic Scoring System (IPSS) score. The aim of this study was to determine whether 

comorbidities continued to have a significant impact when patients were reclassified according to 

the Revised-IPSS (IPSS-R). The medical records of 600 consecutive myelodysplastic syndrome 

patients who presented to MD Anderson Cancer Center between January 2002 and June 2004 

were reviewed. The Adult Comorbidity Evaluation-27 (ACE-27) was used to assess the severity of 

comorbid conditions. Four hundred and two (67%) patients were male. Median age at presentation 

was 66.6 years (17–94). Mean duration of follow-up was 54 months (1–100). Five hundred and 

two (84%) patients died, and 54 (9%) patients underwent stem cell transplantation. Overall median 

survival was 16.8 months (1–100). Median survival by IPSS-R was 47, 34, 21, 16, and 6 months 

for patients in very low, low, intermediate, high, and very high-risk groups, respectively (P < 

0.001). The ACE-27 comorbidity score significantly impacted the median survival of patients in 

the intermediate (P < 0.001), high (P = 0.045), and very high (P = 0.004) IPSS-R groups; but did 

not significantly impact the median survival in the low (P = 0.11) and very low (P = 0.49) IPSS-R 

groups. The ACE-27 comorbidity score significantly impacted the median survival of patients ≤65 

years (P < 0.001) but did not significantly impact those >65 years (P = 0.18). Assessment of 

comorbidity may enhance the prognostic ability of the IPSS-R. Am. J. Hematol. 89:509-516, 

2014.
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Introduction

Myelodysplastic syndromes (MDS) comprise a group of heterogeneous clonal hematopoietic 

myeloid malignancies with varied clinical course and distinct natural histories [1,2]. 

Ineffective hematopoiesis and peripheral cytopenias are common in MDS and contribute 

significantly to the clinical morbidity and mortality associated with this disorder.

The heterogeneous prognosis of patients with MDS requires the use of prognostic systems 

for risk stratification. A number of such scoring systems are in use for classification and 

prognosis of MDS including the French–American–British, the revised WHO classification, 

and the International Prognostic Scoring System (IPSS) [3–5]. Other prognostic models 

have been proposed recently including the lower-risk MDS model and the global MD 

Anderson models [6,7]. The IPSS first published in 1997 has remained the primary system 

for prognostication of de novo, untreated MDS for nearly two decades. However, the IPSS 

has a number of limitations, including that the IPSS is not an accurate predictor of prognosis 

in patients with lower risk MDS and that it has limited cytogenetic classification [6–10]. 

These have resulted in the development of the Revised-IPSS (IPSS-R) that includes the new 

MDS cytogenetic classification and provides a more precise evaluation of cytopenias and 

percentage of bone marrow blasts [11]. Because the IPSS-R was developed in 7,000 patients 

from multiple countries, it is now accepted as the standard system for prognostication of 

untreated MDS and has been incorporated in the National Comprehensive Cancer Network 

(NCCN) guidelines [12–16].

Most current cancer classification systems in general and MDS in particular do not routinely 

incorporate patient-based prognostic factors. These refer to aspects of the general health of 

the patient, defined by the frequency and pathophysiological severity of other diseases, 

illnesses, or medical conditions co-existent with the disease under study. These other 

conditions are referred to as comorbidities [17]. Comorbidities may be preexisting or may 

arise during the treatment of the underlying malignancy, but are not adverse effects of 

cancer therapy [18]. Previous studies have shown that comorbidities impact the outcomes of 

patients with cancer including patients with prostate, breast, head and neck, gastrointestinal, 

gynecological, and urinary malignancies [19–24]. Outcomes tend to be directly correlated to 

the presence of comorbidities with inferior outcomes more likely to be observed in patients 

with comorbid conditions. Furthermore, outcomes are associated with number and severity 

of comorbidities [25]. We have previously reported the impact of comorbidities using Adult 

Comorbidity Evaluation (ACE-27) in patients with MDS classified according to the IPSS 

score [26]. The aim of this study was to determine whether comorbidities continued to have 

a similar impact when patients were reclassified according to the IPSS-R.

Methods

We performed a retrospective review of 600 adult MDS patients who presented to MD 

Anderson Cancer Center (MDACC) between January 2002 and December 2004. Individual 

comorbid ailments and information defining the severity of comorbid health was extracted 

using the Adult Comorbidity Evaluation 27 (ACE-27), a 27-item validated comorbidity 

index for patients with cancer [25,27]. The ACE-27 allows accurate and efficient collection 
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of comorbid health information from the medical records of patients with cancer [28]. 

Derived from the Kaplan–Feinstein comorbidity index, the ACE-27 takes into consideration 

the severity of individual organ decompensation and the negative prognostic impact 

attributable to each comorbid ailment and categorizes comorbid conditions into one of three 

levels of comorbidity: grade 1 (mild), grade 2 (moderate), and grade 3 (severe). The single 

highest ranked comorbid ailment was identified and used to calculate the final comorbidity 

score: none, 0; mild, 1; moderate, 2; or severe, 3. If instead of a single severe comorbid 

ailment, two or more moderate ailments affecting different organ systems were identified, 

the overall comorbidity score would be severe.

For each patient, we obtained demographic data including age, sex, race, and MDS-specific 

staging information based on the IPSS-R [11]. We also collected information on stem cell 

transplantation (SCT), leukemic transformation, mortality, and survival. Additionally, we 

collected each patient's date of presentation to MDACC and date of death or time of last 

follow-up. The study was approved by the institutional review board at MDACC.

Statistical Analysis

The primary end point of this study was overall survival from day of presentation to 

MDACC until death from any cause or last date of follow-up. Observations were censored 

for patients last known to be alive. Patients who received SCT were censored on the date of 

the procedure. Descriptive statistics of the study population, including frequencies, means 

(with corresponding standard deviations), medians (with corresponding ranges), and 

proportions were computed. Demographic and clinical factors associated with overall 

survival were analyzed using the Kaplan–Meier method, and groups were compared using 

the two-sided log-rank test (log-rank test for trend only where ≥ three groups were entered in 

logical order, such as groups in IPSS-R and ACE-27 score). In addition, we also performed 

Kaplan–Meier analysis to examine separately the association of the each system of 

comorbidities, that is, cardiovascular, respiratory, etc., with survival, as well as the grades of 

severity of comorbidities as determined by the ACE-27 within the IPSS-R subgroups of risk 

(very low, low, intermediate, high, and very high) with survival. Subgroup analysis was also 

performed for the age groups (≤65 years, >65 years). A multivariate Cox proportional 

hazards regression model was used to weigh the impact of age, IPSS-R, and ACE-27 score 

on survival. Score points were obtained based on regression coefficients from the final 

multivariate model. A prognostic model incorporating patient baseline comorbidity was thus 

derived according to IPSS-R risk categories and age groups. We performed survival 

landmark analyses to illustrate the effect of the prognostic model on the probability of 

survival at 12, 24, 36, and 60 months of patients evaluated at baseline and at 6 months 

landmark A P-value of <0.05 (two-tailed) was considered statistically significant. Statistical 

analyses were carried out using IBM SPSS Statistics 21 for Windows (SPSS Inc., Chicago, 

IL).
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Results

Patient characteristics

A total of 600 adult patients with MDS were included in this study. The patient 

characteristics are shown in Table I. 67% were male, and 86% were white. The mean time 

from diagnosis to referral to MDACC was 4.9 months (range, 0–71). The median age at 

presentation to MDACC was 66 years (range, 17–94). Median follow-up for this cohort was 

85 months (95% confidence interval [CI]; 64–106). A total of 34 (6%), 117 (20%), 131 

(23%), 129 (22%), and 165 (29%) patients were IPSS-R very low, low, intermediate, high, 

and very high, respectively. One hundred and twenty (20%) patients had therapy-related 

MDS. During the follow-up a total of 123 (21%) underwent leukemic transformation.

Survival by patient and disease characteristics

A total of 502 (84%) patients died during study period, and 54 (9%) patients underwent 

SCT. The median overall survival was 16.8 months (95% CI; 14.05–19.55). In univariate 

analysis we observed advanced age, presence of leukemic transformation (defined by ≥20% 

bone marrow blasts), and absence of stem cell transplant were associated with inferior 

survival (Table II). Likewise advanced IPSS-R was associated with inferior survival (Fig. 1).

ACE-27 comorbidity score in MDS and correlation with survival

ACE-27 scores at presentation were as follows: ACE-27 grade 0 in 137 patients (23%); 

grade 1 in 254 (42%); grade 2 in 127 (21%); and grade 3 in 82 (14%). The most frequently 

noted medical comorbidities included cardiovascular disorders, concurrent other 

malignancy/malignancies, and endocrine disorders identified in 55%, 28%, and 16% of 

MDS patients at presentation to MDACC (Table III). Other comorbidities including 

psychiatric illnesses and substance abuse were identified in 8% and 5%, respectively.

Median survival according to ACE-27 scores was: 45.9 months for grade 0, 21.8 months for 

grade 1, 17.4 months for grade 2, and 10.0 months for grade 3 (P < 0.001) (Fig. 2). Among 

comorbid ailments, only cardiovascular disease, other malignancies, renal, and endocrine 

disorders were associated with inferior survival. Patients with cardiovascular disease had an 

inferior survival (16.4 vs. 30.8 months; P < 0.001). Similarly, presence of concurrent non-

MDS malignancy was associated with worse survival (13.1 vs. 25.7 months; P < 0.001) 

(Table III).

Survival in IPSS-R groups by ACE-27 score

The median overall survival in the five IPSS-R groups was significantly different (P < 

0.001), ranging from 68.5 months in the very low risk IPSS-R patients to 7.9 months in the 

very high-risk IPSS-R patients (Fig. 1). We then evaluated the impact of the ACE-27 

comorbidity score on median overall survival for each individual IPSS-R group. The 

ACE-27 comorbidity score was significantly associated with OS in the subgroups of patients 

with intermediate (P < 0.001), high (P < 0.001), and very high (P < 0.001) IPSS-R groups; 

but was not associated with OS in the low (P = 0.14) and very low (P = 0.21) subgroups of 

IPSS-R (Fig. 3A–E).
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Survival in different age groups by ACE-27 score

We conducted a subgroup analysis examining survival by ACE-27 comorbidity score for 

groups of patients ≤65 years versus >65 years. The ACE-27 comorbidity score was 

significantly associated with OS in both groups of patients (P < 0.001 and P = 0.04, 

respectively) (Fig. 3F,G).

Multivariate analysis incorporating ACE-27 in MDS

The covariates of interest identified by univariate analysis and included in a multivariate 

Cox proportional hazards analysis were age, IPSS-R, and comorbidity grade (Table IV). Age 

(P < 0.001), ACE-27 scores (P < 0.001), and IPSS-R risk group at presentation (P = 0.001) 

maintained significant association with OS.

Based on the coefficients of this multivariate survival model a score was assigned to each 

factor by dividing the respective coefficients from the multivariate survival model by 0.3 

and then rounding to the nearest integer (Table V). A prognostic model was constructed with 

values obtained from the previous weights and the values were used to stratify the risk of 

death. The new prognostic score had values from 0 to 11. The final prognostic model 

incorporated four categories labeled as: low risk (values 0–4), intermediate risk 1 (value 5–

6), intermediate risk 2 (values 7–8), and high risk (values >8) (Table VI). The new 

prognostic model accurately predicted survival for the entire group with no overlapping 

confidence intervals for the four groups (Figs. 4 and 5).

The landmark analysis at baseline and 6 months is reported in Table VII and presents the 

survival probability of patients evaluated at baseline and also of those who had survived 6 

months after the initial evaluation according to the score we developed which accounts for 

age, ACE-27, and RIPSS risk.

Discussion

Our study clearly highlights the impact of comorbidities on the overall survival of patients 

with MDS independent of age and IPSS-R. We used the ACE-27 to stratify the individual 

comorbid ailments and define the severity of comorbid health. The ACE-27 was developed 

by Piccirillo et al. by modifying the Kaplan–Feinstein index based on the frequency of 

occurrence of comorbidities in newly diagnosed cancer patients [28]. The ACE-27 allows an 

accurate assessment of comorbidity by providing a more comprehensive list of comorbid 

conditions including cardiac arrhythmia, obesity, psychiatric disorders, alcohol, and 

substance abuse [25,28]. We have previously reported the relative impact of comorbidities 

and IPSS score in determining the survival of patients with MDS at MDACC. A total of 600 

patients were evaluated in that report. Comorbidities were assessed using the ACE-27 score 

and MDS was staged using the IPSS. We noted that comorbidities significantly impacted the 

survival of patients independent of the IPSS score and age [26]. Herein, we have updated 

our report by including the recently developed IPSS-R score, which appears to be superior to 

the IPSS for staging and prognostication of MDS. By incorporating the effects of age, IPSS-

R, and comorbidity we developed a new prognostic model that was able to clearly identify 

four groups of risk within MDS patients with distinct and non-overlapping survival.
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The IPSS score based on clinical data obtained from 816 patients has been in place since 

1997 and has been the standard for assessing prognosis in untreated MDS patients [5]. The 

IPSS is reproducible and easy to use. Unfortunately, it has limitations including poor 

prediction of survival in patients with lower risk disease and insufficient emphasis on 

cytogenetics. Cytogenetics have shown to greatly impact clinical outcomes and prognosis in 

patients with MDS [29]. To overcome these limitations the IWG-PM evaluated patients 

from multiple databases. They systematically and comprehensively evaluated the relative 

prognostic impact of a number of independently defined prognostic variables in newly 

diagnosed MDS patients. The newly developed IPSS-R incorporates clinical data from 7,012 

patients and is more robust than the IPSS. The same major features identified in the IPSS, 

namely bone marrow blast percentage, cytopenias, and cyto-genetic subgroups retained 

major prognostic impact in the IPSS-R. However, by refining these features including 

further stratifying bone marrow blasts <5%, more precise cytogenetic subgrouping and 

considering not only the presence or absence but also the depth of cytopenias, the IPSS-R 

affords more precise prognostication of survival and leukemic transformation [11].

The IPSS-R score has been validated in patients receiving therapy for MDS, including 

hypomethylator-based therapy, intensive chemotherapy, and/or SCT. It is expected that the 

IPSS-R will be incorporated by most centers as the primary tool for assessing the prognosis 

of newly diagnosed MDS patients and for design and evaluation of major clinical trials in 

MDS until the role of recently identified molecular and flow cytometry information is better 

defined [30–36]. Given the more robust and precise nature of the IPSS-R, we wished to 

evaluate whether comorbidities would continue to show a significant impact on survival of 

MDS patients as they had for patients staged per the older IPSS or WHO scoring systems 

[26,37–39]. In spite of the increased prognostic accuracy of the IPSS-R model, 

comorbidities continued to have a significant impact on survival. The ACE-27 comorbidity 

score accurately stratified the survival of patients in intermediate, high, and very high IPSS-

R groups; but did not significantly impact the OS in the low and very low groups. This may 

be attributable to the already improved survival and limited number of disease related events 

occurring in the lower risk patients who often have a relatively benign underlying MDS 

process. The relatively small number of patients with severe comorbidities in the low and 

very low risk groups may also have contributed to the lack of observable survival difference 

between these subgroups. Perhaps with longer follow-up a difference in survival may 

emerge among the favorable IPSS-R subsets. In high risk patients comorbidities may have 

multiple negative impacts, firstly by directly increasing the risk of death, secondly by 

restricting therapeutic options and enrollment on clinical trials, and thirdly by impairing 

tolerance to treatment. Conversely, Della Porta et al. noted that the MDS-comorbidity index 

significantly impacted overall survival in patients with very low, low, and intermediate 

WHO-classification based prognostic scoring system (WPSS) risk but not in patients with 

WPSS high risk. In their opinion the severity of the underlying disease in high-risk MDS 

patients overcame the clinical impact of mild or moderate comorbidities. Similarly, the 

ACE-27 comorbidity score significantly impacted the OS of patients <65 years as well as 

those older than 65 years. Thus, a more accurate clinical prognostication of patients with 

MDS may be achieved by integrating the IPSS-R and comorbidities score.
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These findings led us to develop a prognostic model that included the three factors that 

significantly impacted survival in MDS, namely IPSS-R, age, and baseline ACE-27 

comorbidity score. The new prognostic model accurately predicted survival for the entire 

group with no overlap among the four groups. Patients were well divided among the groups. 

Survival ranged from 53 months in the low-risk group to 7 months in the high-risk group. In 

contrast, our prior prognostic model based on comorbidities and the IPSS scoring system 

included only three risk groups with median survival ranging from 43 months in the low-risk 

group to 9 months in the high-risk groups [26]. The new prognostic model seemed to be 

especially accurate for patients who fell into the intermediate-risk group. According to our 

prior prognostic model these patients had a median predicted survival of 23 months. The 

new prognostic model introduced two intermediate-risk categories: namely intermediate-1 

and intermediate-2. Predicted survival differed significantly between these two groups with 

a predicted median survival of 27 months for intermediate-1 patients versus 13 months for 

intermediate-2 patients. Thus, the newer prognostic model seems to provide clearer 

prognostic delineation between risk groups.

The retrospective nature of our study implies that the comorbidities could not be assessed in 

real time but had to be extracted from written records. The study was conducted in a single 

institution and needs to be validated in a multi-institutional analysis. Similarly, although we 

have included information on treatment, our study was not designed to predict outcomes 

based on treatment modality but to provide accurate prognostic information to patients and 

physicians at the time of diagnosis of MDS.

The IPSS-R is a refined and more accurate system for prognostication of newly diagnosed 

MDS. In spite of this, comorbidities continue to significantly impact the survival of patients 

with MDS. Hence, assessment and incorporation of comorbidity status at diagnosis of MDS 

is warranted.
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Figure 1. 
Overall survival by IPSS-R score. Survival curves by IPSS-R. Each line represents survival 

according to IPSS-R score. Patients with very low IPSS-R have the longest survival, 

whereas those with very high have the shortest survival.
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Figure 2. 
Overall survival by ACE-27 comorbidity score. Survival curves by ACE-27. Each line 

represents survival according to ACE-27 score. Patients with no comorbidity (ACE-27 

score, 0) have the longest survival, whereas those with severe comorbidity (ACE-27 score, 

3) have the shortest survival.
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Figure 3. 
Survival by ACE-27 in subgroups of IPSS-R score (A, B, C, D, E) and age (F and G). (A) 

very low IPSS-R; (B) low IPSS-R; (C) intermediate IPSS-R; (D) high IPSS-R; (E) very high 

IPSS-R; (F) age ≤ 65 years, and (G) >65 years. (A) Survival curves by comorbidity score 

and IPSS-R: very low IPSS-R. (B) Surviva curves by comorbidity score and IPSS-R: low 

IPSS-R. (C) Survival curves by comorbidity score and IPSS-R: intermediate IPSS-R. (D) 

Survival curves by comorbidity score and IPSS-R: high IPSS-R. (E) Survival curves by 

comorbidity score and IPSS-R: very high IPSS-R. (F) Survival curves by comorbidity score 

and age: age 65 years or younger. (G) Survival curves by comorbidity score and age: older 

than 65 years.
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Figure 4. 
Survival by prognostic model risk group. Survival curves by proposed risk model for all 

patients. Patients in the low risk category have the longest survival (53 months) compared 

with those in the high risk category (7 months).
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Figure 5. 
Cumulative hazard by prognostic model risk group. Cumulative hazard by proposed risk 

model for all patients. The cumulative hazard was highest for those in the high risk category 

compared with those in the low risk category.
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TABLE I
Patient Characteristics at Presentation (N = 600)

Characteristic N (%)

Age group

 ≤65 yr 268 (45)

 >65 yr 332 (55)

Sex

 Male 402 (67)

 Female 198 (33)

Marital status

 Married 465 (78)

 Not married 135 (22)

Race

 White 517 (86)

 Non-White 82 (14)

ACE-27 score at MDACC presentation

 No comorbidity 137 (23)

 Mild decompensation 254 (42)

 Moderate decompensation 127 (21)

 Severe decompensation 82 (14)

Comorbiditiesa

 Cardiovascular 328 (55)

 Respiratory 53 (9)

 Gastrointestinal 40 (7)

 Renal 14 (2)

 Diabetes mellitus 97 (16)

 Neurological 35 (6)

 Psychiatric 48 (8)

 Reumathologic 17 (3)

 Immunologic 1 (0.2)

 Other malignancy 168 (28)

 Substance abuse 32 (5)

 Obesity 1 (0.2)

IPSS-R at MDACC presentation

 Very low 34 (6)

 Low 117 (20)

 Intermediate 131 (23)

 High 119 (22)

 Very high 165 (29)

Received stem cell transplant 54 (9)

Leukemia transformation 123 (21)

Previous malignancy 183 (31)
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Characteristic N (%)

Received chemotherapy and/or radiation therapy 120 (20)

Abbreviations: ACE-27, Adult Comorbidity Evaluation-27; MDACC, MD Anderson Cancer Center; IPSS-R, Revised International Prognostic 
Scoring system.

a
The frequency of comorbidities do not add up to 600 because a patient may have more than one comorbidity.
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TABLE V
Final Multivariate Survival Model and Risk Score

Prognostic factor Coefficient Score

Age >65 yr 0.753 2

ACE-27

 Mild/moderate 0.513 2

 Severe 1.075 4

IPSS-R

 Low/intermediate 0.489 2

 High 0.968 3

 Very high 1.658 5

Abbreviations: Adult Comorbidity Evaluation-27; IPSS-R, Revised International Prognostic Scoring system.

Am J Hematol. Author manuscript; available in PMC 2015 May 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Daver et al. Page 23

T
A

B
L

E
 V

I
F

in
al

 P
ro

gn
os

ti
c 

Sc
or

e 
In

co
rp

or
at

in
g 

C
om

or
bi

di
ti

es
, A

ge
 G

ro
up

, a
nd

 I
P

SS
-R

R
is

k 
gr

ou
p

N
 =

 5
76

 (
%

)
D

ea
th

 N
 (

%
)

M
ed

ia
n 

su
rv

iv
al

 (
m

o)
95

%
 C

I
5 

yr
 (

%
)

P

L
ow

 (
va

lu
es

 0
–4

)
16

8 
(2

9)
83

 (
49

)
53

.3
35

.9
–7

0.
7

49
.4

≤0
.0

01

In
te

rm
ed

ia
te

-1
 (

va
lu

es
 5

–6
)

16
8 

(2
9)

11
7 

(7
0)

26
.9

21
.4

–3
2.

4
23

In
te

rm
ed

ia
te

-2
 (

va
lu

es
 7

–8
)

13
7 

(2
4)

98
 (

72
)

13
.1

10
.7

–1
5.

5
9

H
ig

h 
>

8
10

3 
(1

8)
78

 (
76

)
6.

6
4.

9–
8.

3
3.

3

A
bb

re
vi

at
io

ns
: C

I,
 c

on
fi

de
nc

e 
in

te
rv

al
.

Am J Hematol. Author manuscript; available in PMC 2015 May 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Daver et al. Page 24

T
A

B
L

E
 V

II
L

an
dm

ar
k 

A
na

ly
si

s 
at

 6
 m

on
th

s 
fr

om
 B

as
el

in
e 

Sh
ow

in
g 

th
e 

Su
rv

iv
al

 P
ro

ba
bi

lit
ie

s 
of

 P
at

ie
nt

s 
at

 1
2,

 2
4,

 3
6,

 a
nd

 6
0 

m
on

th
s

L
an

dm
ar

k 
ti

m
e 

(f
ro

m
 M

D
A

C
C

 p
re

se
nt

at
io

n)
R

is
k 

gr
ou

p
P

ro
ba

bi
lit

y 
of

 s
ur

vi
vi

ng
 a

t 
fi

xe
d 

ti
m

e 
po

in
ts

 (
m

o)

M
on

th
s

12
24

36
60

0
L

ow
 (

0–
4)

89
.2

75
.5

63
.8

49
.4

In
t-

1 
(5

–6
)

72
.2

53
.3

36
.7

23

In
t-

2 
(7

–8
)

56
.5

23
.3

12
9

H
ig

h 
(>

8)
32

.5
11

.4
6.

5
3.

3

6
L

ow
 (

0–
4)

91
.6

76
.8

65
.5

50
.7

In
t-

1 
(5

–6
)

85
.1

62
.9

43
.3

27
.1

In
t-

2 
(7

–8
)

71
.4

29
.7

16
.1

12
.1

H
ig

h 
(>

8)
63

25
.2

12
.6

6.
3

A
bb

re
vi

at
io

ns
: M

D
A

C
C

, M
D

 A
nd

er
so

n 
C

an
ce

r 
C

en
te

r.

Am J Hematol. Author manuscript; available in PMC 2015 May 01.


