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A b s t r a c t: A balanced risk-benefit approach to haematopoietic stem cell tran-
splantation (HSCT) is the key for maximized chances of cure with acceptable quality of 
life for patients with advanced haematological malignancies. The aim was to try to assess 
the prognostic value of comorbidity and other independent variables concerning pretran-
splant mobilization strategies that affect auto SCT in patients with lymphoproliferative 
diseases.We stratified outcomes among 90 consecutive adult autologous recipients with 
lymphoproliferative diseases. 55% of patients were classified in the low index group for 
haematopoietic stem cell transplantation with comorbidity index (HCT-CI) scores bet-
ween 0–1, 27% of patients with lymphoproliferative diseases had intermediate HCT-CI 
scores 1–2 and 12% of patients were in high HCT-CI group with a score ≥ 3 and 6% 
undetermined. Two year NRM was 36% (95% CI: 17–36%), 26% (95% CI 15–39%) 
and 30% (95% CI: 22–39%) in the low, intermediate and high-risk HCT-CI groups 
respectively. The HCT-CI has been shown to sensitively capture organ comorbidities 
and provide valuable prognostic information for assignments of patients to clinical trials. 
Still, many questions remain to be answered, auch as good sample size, equal stratifica-
tion of patients into risk groups, and also implementing better pretransplant assessment. 
 
Key words: autologous stem cell transplantation, comorbidity, overall survival, nonre-
lapse mortality, lymphoproliferative diseases. 
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Introduction 
 

Autologous stem cell transplantation (ASCT) is a therapeutic approach 
in the treatment of patients with haematological malignancies, mainly lympho-
proliferative diseases [1–4]. A balanced risk-benefit approach to haematopoietic 
stem cell transplantation (HSCT) is the key for maximized chances of cure with 
an acceptable quality of life for patients with advanced haematologic malignan-
cies. In the no transplantation field, comorbidities have been reported to affect 
chemotherapy dosing, treatment toxicity, survival and quality of life of patients 
with cancer. ASCT, as a relatively toxic treatment option for patients with hae-
matological malignancies, needs to include different patient categories. There-
fore we need to learn more about the impact of comorbidities on post-transplant 
outcome, especially in the auto-SCT setting [5], since so far comorbidity has 
received little attention as a prognostic factor. In patients receiving allogeneic 
SCT, Sorror et al. [6–9] developed a haematopoietic SCT comorbidity index 
(HCT-CI) consisting of 17 weighted comorbidity factors that can predict 2-year 
nonrelapse mortality (NRM) and overall survival (OS) in different haematolo-
gical malignancies. Few studies have determined that this index can also be 
applied in predicting outcome in patients receiving high dose chemotherapy 
(HDCT) followed by auto-SCT. Comorbidities have been assessed before the 
receipt of a haematopoietic SCT (autologous or allogeneic). Therefore, it only 
predicts outcome in patients who were considered fit enough and survived treat-
ment before transplant conditioning [10]. In the auto-SCT setting predicting the 
transplant outcome is dependent on other factors besides comorbidity, such as 
the type of mobilization regimen, number of collected cells, cryopreservation 
procedure and type of conditioning regimen. Patients with myeloma, lymphoma 
and Hodgkin’s disease are patients treated mainly with more than two lines of 
chemotherapy before transplant, most of the transplant candidates have relapsed 
or refractory disease, have received extensive radiotherapy, treatment with 
agents such as fludarabine, thalidomide, alkylating therapy or have impaired 
bone marrow cellularity. All these factors contribute to many lymphoma and 
myeloma patients failing to undergo auto SCT due to poor stem cell mobileza-
tion orthey have a worse transplant outcome and 2–year NRM [11–14]. A road-
map for maximization of the benefits of auto SCT would require a novel stra-
tified approach for both improving tumour control and lessening morbidity and 
mortality after transplantation. The aim of our investigation was to try to assess 
the prognostic value of comorbidity and other independent variables concerning 
pretransplant mobilization strategies that affect auto SCT in our patients with 
lymphoproliferative diseases and can predict the outcome of autologous recipients.  
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Patients and methods 
 

We stratified outcomes among 90 consecutive adult autologous recipi-
ents with lymphoproliferative diseases. The patients were retrospectively identi-
fied using transplant data from the University Haematology Hospital, Skopje, 
BMT Unit in the period from September 2000 to January 2012.  

Comorbidities were extracted from laboratory data, functional screening 
tests and from medical charts at the time of relapse or disease progression and 
also for comparison computed at the time of transplantation, that is before the 
start of HDCT. HCT-CI have been previously described by Sorror et al. [9]. 

Mobilization strategies for PBSC for myeloma patients were preformed 
with Cyclophosphamide (CTX) 3–5 gr/m2 and G-CSF 10 μg/kg starting from 
day +1 after completing the CTX dose, until the nadir of WBC > 5,0 × 109/L on 
day +12, +13 or +14 of aphaeresis. In patients with complete remission (CR) or 
a very good partial response (VGPR) after first line CT (VAD or C-ThalDex) a 
single agent G-CSF 10 μg/kg in a 5-day duration was administered. Aphaeresis 
was performed on day +5 and +6. 

In patients with NHL and HD aphaeresis was preformed mainly with a 
single agent G-CSF or after HDT with DHAP (for HD patients) or DexaBEAM 
for NHL patients. High-dose VP-16 2000 mg/m2 plus G-CSF 10 μg/kg was also 
used as a mobilizing regimen. 

Conditioning or HDCT before autologous SCT in myeloma patients 
was performed with Melphalan 200 mg/m2. Lymphoma patients received DCT 
with BEAM regimen (Carmustine 300 mg/m2, Etoposide 300 mg mg/m2/ days 3–7, 
ARA-C 2 × 100 mg mg/m2 days 3–7, Melphalan 140 mg/m2).  

The optimal accepted quantity of mononuclear cells (MNC) and CD34+ 
cells for successful harvest aphaeresis procedure was ≥ 2,0 × 108/kg MNC and 
≥ 2,0 × 106/kg CD34+ cells. Engraftment was defined by enlargement of Ne > 
0,5 × 109/L and Plt  > 20 × 109/L [15]. 

 
 

Data analysis 
 

As defined by Sorror et al. [9], comorbidity scores were separated into 3 
groups according to the HCT-CI scoring system (scores 0, 1–2 and > 3). End 
points for final outcome were early therapy related mortality and OS. Early 
therapy-related mortality was defined as mortality during HDCT or within 3 
months after auto-SCT not caused by disease progression (lymphoma or mye-
loma). OS was defined as the date of the start of HDCT until the date of death 
from any cause, if no event occurred; patients were censored at the date of the 
last follow-up. OS rates and survival curves according to relapse comorbidity 
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scores were analysed using the Kaplan and Meier method. The log-rank statistic 
was used to evaluate differrences between groups. The prognostic value of 
relapse comorbidity and factors that independently affect transplant outcome, 
such as number of collected CD34+/ cells, number of collected MNC in the 
autologous graft, type of mobilizing regimen, levels of LDH, age and chemo-
sensitivity were tested using the Cox proportional hazard regression model in 
univariante and multivariate analysis. 

 
 

Results 
 

Over a 12-year period in our transplant centre a total of 220 patients 
have received stem cell transplant, 62 allogeneic from HLA DNA sibling donors 
and 158 autologous in patients with haematological malignancies, 60 patients 
with acute myeloblastic leukemia (AML), 7 with acute lymphoblastic leukemia 
(ALL), 1 with paediatric Ewing sarcoma (ES) and 90 with lymphoma and mye-
loma. Our study stratified patients with myeloma and lymphoma candidates for 
HDCT and auto SCT. Baseline patient characteristics with myeloma and lym-
phoma referred for HDCT are presented in Table 1. Frequencies of comorbidity 
and corresponding scores are listed in Table 2. 
 
Table 1  
 

Baseline characteristics of lymphoma and myeloma patients treated with auto SCT 

Characteristic Transplanted patients  
(n = 90) 

Median age at relapse (years) 39 

Sex  

Males 54 
Females 36 

Diagnosis  

NHL 19 
MM 42 
HD 29 

Mobilizing regimen  

G-CSF 64 
G-CSF+ Cy 3–5 gr/m2 8 
G-CSF+VP-16 2 gr/m2 2 
G-CSF+DHAP 16 
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Number of PBSC(median)  
Number of CD34+cells × 106 2,5 
Number of MNC/kg × 108 3,1 

High dose chemotherapy or reinduction chemotherapy  

C-ThalDex 15 
VAD 27 
Dexa BEAM 10 
DHAP 19 
ICE 2 
R-ICE 1 

Auto SCT conditioning regimen  

Melphalan 200 mg/m2 42 
BEAM 43 
High dose ICE 2 
Other 3 

Abberevations: NHL = non Hodgkin lymphoma, MM = multiple myeloma, HD = hodg-
kin’s disease, G-CSF = granulocyte colony stimulating factor, Cy- cyclophosphamide, 
VP-13 = etoposide, BEAM, ICE, R-ICE, Dexa BEAM, C-ThalDex = chemotherapy 
regimens, MNC = mononuclear cells 
 
Table 2  
 

Prevalence of comorbidity according to HCT-CI at the time of auto SCT 

Comorbidity % of group 

Arrythmia 
Cardiac 
Inflamatory bowel disease 
Diabetes 
Cerebrovascular disease 
Psychiatric disturbance 
Hepatic milda 
Obesity 
Infection 
Rheumatological 
Peptic ulcer 
Renal (moderate/severe)a 
Moderate pulmonary 
Previouse solid tumor 
Heart valve disease 
Severe pulmonary 
Moderete/severe hepatica 

2 
8 
- 
7 
1 
3 

23 
4 
3 
3 
3 
3 
- 
1 
1 
- 
2 
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HCT–CI index group 
Low 
Intermediate 
High 
Undetermined 

 
55 
27 
12 
6 

Abberevations: HCT-CI+ hematopoietic SCT comorbidity index  
aNote: among transplanted patients, comrbidities based on laboratory values   
 

Among stratified patients, 55% were classified in the low index group 
for HCT-CI scores between 0–1, 27% of patients with limphoproliferative dise-
ases had intermediate HCT-CI scores 1–2 and 12% of patients were in the high 
HCT-CI group with a score of  ≥ 3. Only 6% of patients had undetermined HCT-CI 
for different reasons, mainly because of lack of laboratory or functional data.  

The two year NRM was 36% (95% CI: 17–36%), 26% (95% CI 15–39%) 
and 30% (95% CI: 22–39%) in the low, intermediate and high-risk HCT-CI 
groups respectively. Table 3 
 
Table 3 
 

NRM and OS in different HCT-CI groups 

Variables 2 years OS 2 years NRM 

Low 
 

Intermediate 
 

High 
 

45% 
95% CI : 24–64% 

55% 
95% CI : 40–68% 

42% 
95% CI : 24–64 

36% 
95% CI : 17–36% 

26% 
95% CI : 15–39% 

30% 
95% CI : 22–40% 

Abberevations: MNC – mononuclear cells, G-CSF – granulocyte colony stimulating factor, 
CT – chemotherap 
 

The variables concerning mobilization of stem cells (chemotherapy 
with G-CSF versus G-CSF alone and the dose of infused MNC > 3,0 × 108/kg 
and < 3,0 × 108/kg in the three risk HCT-CI groups) revealed that patients with 
an HCT-CI score >3 and intermediate- and high-risk disease who received < 3.0 
× 108/kg had a 2 year NRM < 30% and OS < 45%, as well the patients mobi-
lized with chemotherapy +G-CSF who showed a lower NRM in the HCT-CI ≥ 3 
(intermediate- and high-risk disease). Table 4 
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Table 4 
 
Influence of number of collected MNC and type of mobilizing regimen on NRM and OS 

Variables 2 years OS 2 years NRM 
MNC cell dose 

MNC > 3,0 × 108/kg 
MNC < 3,0 × 108/kg 

 
Mobilization regimen 

G-CSF+CT 
G-CSF 

 
55% 

45% (HCT-CI > 3) 
 
 

40% (HCT-CI > 3) 
50% 

 
40% 

30% (HCT-CI > 3) 
 
 

35% (HCT-CI > 3) 
45% 

Abberevations: MNC – mononuclear cells, G-CSF – granulocyte colony stimulating 
factor, CT – chemotherapy. 

 
Multivariate analysis of the impact of HCT-CI on NRM and OS in lym-

phoma patients accompanied with factors connected to disease status at tran-
splant such as age, LDH levels and chemosensitivity revealed that patients with 
chemosensitive disease, aged > 60 years, HCT-CI > 3 and abnormal LDH levels 
(p < 0,01) have a worse NRM and OS. Table 5. Median follow-up of patients 
was 70 months (3 to 141 months). Survival analysis revealed OS in myeloma 
patients was 65% at 24 months and 38% at 70 months for 50% and 68% in the 
lymphoma group. Graph 1  
 
Table 5 
 

Multivariate analysis of risk factors in autologous recipients 

RF Score HR p HR p HR p 
HCT-CI 

 
 
 

Age 
 
 

LDH 
 
 

ChS 

0 
1–2 
> 3 

 
< 60 
> 60 

 
Norm 

Abnorm 
 

Yes 
No 

1,0 
1,44 
6,63 

 
1,0 

0,84 
 

1,0 
1,56 

 
1,0 
1,2 

0,5 
 

0,0009 
 

0,72 
 
 

0,27 
 
 

0,71 

1,0 
1,8 
2,89 

 
1,0 
1,28 

 
1,0 
2,01 

 
1,0 
1,61 

0,80 
 

< 0,0001 
 

0,31 
 
 

0,001 
 
 

0,02 

1,0 
1,13 
1,13 

 
1,0 

1,35 
 

1,0 
1,58 

 
1,0 
1,7 

0,73 
 

0,001 
 

0,14 
 
 

0,01 
 
 

0,005 

Abberevations: ChS – chemosensitivity 
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months 
posttransplant 

  OS in autologous BM 
  OS in AML with PBSC 
  OS in MM with PBSC 
  OS in MM with PBSC 
Graph 1 – Analysis of OS in patients treated with autologous transplantation 

 
 

Discussion 
 

The field of cancer survivorship has matured over the past 10 years, 
with research efforts coordinated by transplant societies. HSCT survivors are 
faced with a significantly increased risk of chronic health conditions and pre-
mature death, even 10–15 years from their transplant procedure. The Bone Mar-
row Transplant Survivor Study (BMTSS) followed patients who survived at 
least 2 years post-transplant and showed that the conditional survival probabi-
lity at 15 years from allogeneic transplant was 80% with a mortality rate rema-
ining twice that of the general population after 15 years. For autologous reci-
pients the excess in the mortality rate is also elevated for the first 10 years of 
survivorship before then approaching that of the general population. Careful 
health surveillance, healthy lifestyle choices and prompt management of medi-
cal conditions are essential to reduce NRM and improve quality of life. The 
study’s aim was to assess the actual condition of the transplanted patients before 
undergoing auto transplant. Patient eligibility was assessed according to the 
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EBMT criteria for patient selection for treatment with autologous transplan-
tation: chemosensitive disease, adequate performance status (ECOG, Karnofsky 
score), adequate non-haematopoietic organ function (renal, cardiac, pulmonary), 
psycho social eligibility and no active infections requiring ongoing therapy. 

The HCT-CI summated the relevant pre-transplant organ comorbidities 
as a single risk factor, in which the weight of comorbidity burdens was adjusted 
for the complex impacts of disease risks and conditioning intensities. This fact 
provides consolidation of HCT-CI with one or more risk factors for SCT outco-
mes to strengthen both statistical analyses for clinical prognostication and deci-
sion-making for SCT choices. In the allogeneic setting for patients with AML 
and MDS [16] the comorbidity index was combined with disease-specific 
factors such as disease status to better risk-stratify patients, lymph node enlar-
gements for CLL [17] patients or chemosensitivity to optimize indications of 
auto SCT for lymphoma [5]. It was combined with Karnofsky performance 
status (KPS) to classify recipients into four risk groups for NRM and OS [9]. 
Also HTC-CI and C-reactive protein (CRP) were recently used together to 
rationalize the indications of allo-HCT for patients with chronic myelocytic 
leukemia (CML) who failed imatinib therapy [18]. 

In the autologous setting minimal results have been published so far to 
describe the impact of comorbidities on disease outcome after transplant [5]. 
None of the studies has compared HCT-CI directly with factors that can affect 
outcome in autologous transplantation such as: type of mobilizing regimen, 
number of collected and infused MNC and CD34+ cells, previous chemothe-
rapy treatment, chemosensitivity and LDH levels. A group of 90 patients with 
lymphoproliferative diseases who underwent auto SCT were analysed for HCT-
CI calculated at the time of receiving HDT, which can predict OS and NRM in 
these patients. These results were comparable to the results that have been reported 
by others. However, none of these results and studies have compared comorbi-
dity the with secondary age-adjusted international prognostic index (sAAIPI) 
for lymphoma patients and other prognostic indexes that have predictive value 
for eligibility for transplantation. One of these studies found that comorbidity 
cannot predict survival, but it was conducted among elderly patients only. Che-
mosensitivity, age and LDH levels were revealed to be important predictors of 
survival with HCT-CI. Most of the patients presented in this study had relapsed 
and refractory disease or a very good partial response. the lymphoma group had 
OS 50% at 24 months which is very satisfying and comparable to other studies 
[3, 5, 10]. We have to bear in mind that the lymphoma group were patients with 
a diversity of histopathology, different high-dose chemotherapy regimens and 
were pretreated with more than two lines of chemotherapy with agents such as 
cyclophosphamide essential in CHOP and R-CHOP regimens. Alkylating agents 
such as fludarabine and cyclophosphamide impair stem cell apheresis in many 
respects. Insufficient MNC/CD34+ cell/kg count can delay engraftment and can 
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affect transplant outcome. This was also confirmed by the analysis of the auto-
logous grafts in our group of patients. 2 years NRM was 30% in patients who 
received MNC < 3,0 × 10(8)/kg. 

Further research is necessary to validate the algorithms of prediction of 
mobilization failure to achieve > 2.0 × 106/kg CD34+ cells in the autologous 
grafts in lymphoma and myeloma patients. Age, disease status, bone marrow 
celullarity, previous chemotherapy cycles, previous radiotherapy, number of 
nucleated cells before harvest, number of platelets before harvest, number of 
circulating CD34+ cells and previous use of thalidomide, lenalidomide and 
alkylating agents are some of the suggested variables in the premobilization pre-
dictive model for determining low mobilizers among patients with lymphopro-
liferative diseases. 

To determine the validity of HCT-CI and whether to include the inde-
pendent variables concerning the mobilization strategy and stem cell dose that 
we analysed, a multi-centred collaboration is necessary to produce an adequa-
tely powered validation study for risk stratification of autologous recipients.  

 
 

Conclusion 
 

Comorbidities are in the forefront for optimizing risk assessment before 
autologous SCT for patients with lymphoma and myeloma. The HCT-CI has 
been shown to sensitively capture organ comorbidities and provide valuable 
prognostic information for assignments of patients to clinical trials. Multiple 
questions still remain to be answered, such as good sample size, equal stratifi-
cation of patients into risk groups, also implementing better pretransplant asses-
sment including socio-economic and emotional aspects as well. Further under-
standing of patient variables and other independent variables that affect SCT 
would allow us to minimize the risk of SCT through refined decision-making 
and possibly to develop novel preventive measures for HCT toxicities. The 
ultimate goal is a broader applicability of this pretransplant evaluation offering 
a potentially curative treatment option with lessened mortality and improved 
quality of life. 
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PROCENA NA NERELAPSEN MORTALITET (NRM)  
I DOLGOGODI[NO PRE@IVUVAWE PO AVTOLOGNA 

TRANSPLANTACIJA NA HEMATOPOETSKI  
MATI^NI KLETKI (ATHMK) KAJ BOLNI   

SO LIMFOPROLIFERATIVNI ZABOLUVAWA 
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A p s t r a k t: Balansiraniot pristap so procena na rizicite i bene-

fitot od transplantacijata na mati~ni hematopoetski kletki (THSK) e 
klu~niot terapiski modalitet koj ovozmo`uva dobar kvalitet na `ivot kaj 
bolnite so naprednati hematolo{ki maligniteti. Celta na studijata be{e 
da se proceni prognosti~koto zna~ewe na komorbiditetite i ostanatite 
nezavisni varijabli povrzani so predtransplantaciskite mobilizacioni 
strategii koi imaat vlijanie na ishodot od avtologna THSK kaj bolnite so 
lifoproliferativni zaboluvawa. Analiziran e ishodot na 90 vozrasni 
avtologni recipienti so limfoproliferativni zaboluvawa. 55% od bol-
nite bea klasificirani vo grupa so nizok transplantaciski indeks na 
komorbiditet (THKI) od 0 do 1. 27% od bolnite imaa sreden THKI od 1 do 
2, 12% imaa visok THKI ≥ 3 i 6% so neodreden indeks. Dvegodi{en morta-
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litet bez relaps (NRM) be{e 36% (96% KI : 17‡36%), 26% (95% KI : 
15‡39%) i 30% (95% KI : 22‡39%) vo grupata na bolni so nizok, sreden i 
visok indeks. THKI poka`a deka e signifikantno zna~aen za procena na 
predtransplantaciskite komorbiditeti i ovozmo`uva dobivawe na va`ni 
prognosti~ki informacii pri vklu~uvawe na bolnite vo klini~ki studii. 
No, sè u{te ostanuvaat neodgovoreni pove}e pra{awa kako {to e golemi-
nata na analiziranata grupa i potrebata za ednakva stratifikacija na bol-
nite vo grupi na rizik za implementirawe na podobra predtransplanta-
ciska procena. 
 
Klu~ni zborovi: avtologna transplantacija na mati~ni hematopoetski kletki, 
komorbiditeti, celosno pre`ivuvawe, nerelapsen mortalitet, limfopro-
liferativni zaboluvawa. 
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