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  Purpose: Autologous stem cell transplantation (ASCT) 
is increasingly used in patients with non-Hodgkin’s
lymphoma (NHL). Various clinical parameters-were 
evaluated to obtain significant predictors of the outcome 
following ASCT in patients with NHL. 
  Materials and Methods: Between April 1994 and 
December 2003, ASCT was performed on 80 patients with 
NHL at the Asan Medical Center. 
  Results: Patients had various histological subtypes 
and disease status. The two year progression free 
survival (PFS) and overall survival for all patients were 
34 and 31%, respectively. A univariate analysis showed 
the performance status, stage, modified extranodal 
involvement category, International Prognostic Index 
(IPI) at mobilization, disease status at mobilization, and 
history of radiation prior to mobilization as significant 
predictors of the outcome following ASCT. Four risk

groups, with different 2 year PFS, were identified by the  
age adjusted IPI at mobilization (mAAIPI): low risk 44% ; 
low intermediate risk 40%; high intermediate risk 19% ; 
and high risk 0% (p=.0003). A multivariate analysis 
revealed 3 significant factors for the PFS: disease status, 
prior RT and mAAIPI. 
  Conclusion: The mAAIPI was found to be an inde-
pendent predictor of the outcome of NHL patients under-
going ASCT. This powerful prognostic tool should be  
used to evaluate potential candidates for ASCT. (Cancer 
Res Treat. 2005;37:294-301)
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INTRODUCTION

  The potential for cure of a non-Hodgkin’s lymphoma (NHL) 
in adults is probably less than 30% (1). In 1978, NHL was the 
first disease where high dose therapy, supported with the re 
infusion of autologous stem cells was used (2), indicating the 
ability of dose intensification for the cure of some patients with 
a relapsing or refractory disease (3). NHL is currently the 
second most frequent indication for autologous stem cell 
transplantation (ASCT). ASCT provides an increasing number 
of NHL patients the best opportunity for cure under certain 
circumstances. However, many patients still relapse after ASCT, 
despite the therapeutic advances over the last two decades. 

Many ways have been explored to improve the outcome of 
ASCT in NHL patients, with new approaches continually being 
investigated.
  The data of ASCT should be interpreted with caution, as the 
patient populations studied are a very exclusive group. In 
addition, due to differences in the selection criteria, transplant 
regimens and follow up, the comparison of studies is sometimes 
difficult (1). Numerous factors have been identified as signif-
icant in predicting patients’ responses to transplantation, with 
the most useful of these being the sensitivity of the lymphoma 
to chemotherapy (3). The most important factors among the 
other variables associated with a poor outcome include elevated 
lactate dehydrogenase (LDH) (4), extensive previous treatment 
(5,6), poor performance status (7) and high grade histology (5).
  The International Prognostic Index (IPI) is a well established 
scoring system for predicting the survival in aggressive NHL 
(8). When the IPI was applied to all newly diagnosed patients 
over a 9 year period, it was applicable to unselected NHL 
patients for any grade of the Working Formulation (9). The IPI 
has been evaluated by many investigators in NHL patients 
treated with high dose therapy and ASCT (10～13). These 
studies assessed the value of the IPI in patients with selected 
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histological subtypes, with each study evaluating its own 
specific disease status or clinical situations. Clinical trials 
evaluating the clinical efficacy of ASCT might include any type 
of NHL and disease status. Here, the analysis of 80 patients 
with NHL treated by ASCT is reported, and shows that the age 
adjusted IPI at mobilization (mAAIPI) was an independent 
predictor of the outcome following ASCT.

MATERIALS AND METHODS

    1) Patients

  Between April 1994 and December 2003, 80 patients eligible 
for ASCT were enrolled at the Asan Medical Center using 
Institutional Review Board approved protocols for NHL. The 
written informed consent was obtained from each patient. All 
histological specimens were reviewed by a pathologist. Before 
1998, the histopathology of specimens was classified according 
to the International Working Formulation (14,15), but subse-
quent diagnosis have been performed using the World Health 
Organization/Revised European American Lymphoma (WHO/ 
REAL) classification; therefore, those diagnosed before 1998 
were classified retrospectively according to the WHO/REAL 
system (15).
  All patients were staged according to the Ann Arbor system, 
and the response assessed based on the recommendations from 
the NCI sponsored international working group (16).

    2) Eligibility criteria for ASCT

  Patient eligibility criteria for ASCT included the following: 
1) biopsy proven NHL; 2) aged 15 to 65 years; 3) adequate 
cardiac function, as defined by an ejection fraction greater than 
or equal to 45%; pulmonary function, as defined by a diffusion 
capacity greater than or equal to 50% of that predicted; renal 
function, as defined by a serum creatinine level less than or 
equal to 2 mg/dl; hepatic function, defined as an AST/ALT 
ratio and alkaline phosphatase of less than twice the upper 
normal limit and a serum bilirubin level of less than or equal 
to 2 mg/dl; 4) negative serology for human immunodeficiency 
virus; no history of other malignancies; and no NHL involve-
ment of the central nervous system. At the time of peripheral 
blood progenitor cell (PBPC) mobilization, the disease status 
of the patients was re evaluated, and classified as either a com-
plete response, partial response, chemotherapy sensitive relapse 
or refractory (refractory relapse and primary refractoriness). 
After 2 cycles of conventional salvage chemotherapy, patients 
with complete or partial responses were defined as having 
chemotherapy sensitive relapses; all other responses were 
classified as refractory relapses. Patients with high intermediate 
or high IPI scores on initial diagnosis were offered ASCT once 
a complete response had been attained.

    3) PBPC mobilization

  When a patient was assessed as a suitable candidate for 
ASCT, PBPC mobilization and collection was performed, as 
previously described (17). 

    4) IPI at PBPC mobilization (mIPI) and mAAIPI

  The mIPI, assessed prior to the initiation of PBPC mobiliza-
tion, was comprised of 5 risk factors: age older than 60 years, 

LDH more than the normal upper limit, an ECOG performance 
status greater than 1, a stage III or IV disease and more than 
1 extranodal site. For patients showing a complete response, the 
stage was assigned as zero, and scored as “0” in the IPI system. 
The mAAIPI, assessed prior to the mobilization of PBPC, 
comprised of 3 elements of the IPI risk factors: LDH, stage 
and the ECOG performance status. These were identical to the 
predictive model for an aggressive non Hodgkin’s lymphoma 
of the International Non Hodgkin’s Lymphoma Prognostic 
Factors Project (8). The mAAIPI groups were assigned to low 
risk if they had no factor, low intermediate risk with 1 factor, 
high intermediate risk with 2 factors, and high risk if all 3 
factors were present.

    5) ASCT procedure

  The BEAM or BEAC regimen was used as a high dose 
conditioning regimen for NHL (18,19). Lenograstim was used 
to facilitate engraftment (19). Patients were cared for in a single 
room, with the strict maintenance of reverse isolation for the 
prevention of infectious complications. All patients were adm-
inistered prophylactic antimicrobials, which consisted of 
ciprofloxacin, fluconazole and acyclovir. Patients received 
transfusions of red blood cells and platelets where clinically 
indicated.

    6) Follow up

  Assessment of response to ASCT was performed by repeat-
ing the examinations of previously involved sites. Subsequent 
follow up procedures included physical examinations every 3 
months for the first 2 years, then every 6 months for 3 years, 
and annually thereafter. Thoracic and abdominal CT scans were 
performed every 6 months during the first 2 years and annually 
thereafter for 3 years.

    7) Statistical analysis

  The primary endpoint was progression free survival (PFS), 
as calculated from the ASCT to the date of disease progression, 
relapse from a complete response, death, or to the date of last 
contact. Overall survival (OS), the time from ASCT until last 
follow up or death, was also evaluated. Survival analyses were 
performed using the Kaplan and Meier method. The log rank 
test was used to compare the survival distributions. Potential 
predictive factors of survival were entered into a multivariate 
analysis using the Cox proportional hazards model. All statisti-
cal analysis was performed using SPSS version 10.1 (SPSS, 
Chicago, IL).

RESULTS

    1) Patient characteristics

  A total of 80 patients with NHL were eligible for the 
analyses. The demographic features of the patients are listed in 
Table 1. The median age at PBPC mobilization was 39 years, 
ranging from 16 to 65 years, with the study group comprised 
of 29 women and 51 men. Forty-five and 35 patients had B-cell 
and T-cell NHL, respectively. Of those with B-cell NHL, the 
histologies included 32 diffuse large cell lymphomas, 7 Burkitt 
lymphomas, 3 mantle cell lymphomas, 2 follicular lymphomas 
and 1 nodal marginal zone lymphoma; those with T-cell NHL 
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Fig. 1. Progression free survival (A) and overall survival (B) for all 80 patients. The Kaplan Meier estimate of the proportion of patients 
remaining progression free at median follow up of 2 years following ASCT was 34%. And overall survival at 2 years was estimated 
as 31%.

Table 1. Patient characteristics I: Demography at autologous stem 
cell mobilization

󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚
Characteristic No. %

󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏
Age, year

  Median 39

  Range 16～65

Sex

  Male 51 64

  Female 29 36

Histology

B cell 45     56     

  Diffuse large B cell 32 40

  Burkitt  7  9

  Mantle cell  3  4

  Follicular  2  3

  Nodal marginal zone B cell  1  1

T cell 35     44     

  Precursor T cell lymphoblastic 16 20

  Peripheral T cell, not otherwise specified 10 13

  Nasal NK cell  4  5

  Anaplastic large cell, cutaneous  3  4

  Anaplastic large cell, systemic  1  1

  Hepatosplenic gamma-delta T-cell  1  1

Radiotherapy prior to mobilization

  Not performed 62 78

  Performed 18 22

Disease status at mobilization

  Complete response 21 26

  Partial response 19 24

  Sensitive relapse 25 31

  Refractory 15 19

󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏

comprised of 16 precursor T-cell lymphoblastic lymphomas, 10 
peripheral T-cell, 4 nasal NK cell, 3 cutaneous anaplastic large 
cell lymphomas, 1 systemic anaplastic large cell lymphoma and 
1 hepatosplenic gamma-delta T-cell lymphoma. Radiotherapy 
(RT) was performed in 18 patients (22%) for the management 
of NHL prior to ASCT.  For 11 patients with a localized 
aggressive disease, the RT was a planned treatment following 
3 cycles of systemic chemotherapy. Palliative RT was delivered 
to 7 patients due to critical bone involvement, airway 
compression or various loco-regional problems. The disease 
stati at mobilization are also shown in Table 1. Twenty-one of 
the patients (26%) that underwent transplantation had a 
complete response status. Fifty-nine patients had a remaining 
disease; 19 (24%) an initial partial response, 25 (31%) a 
chemotherapy-sensitive relapse and 15 (19%) had either pri-
mary refractoriness or a refractory relapse. The IPI at diagnosis 
and at PBPC mobilization are shown in Table 2. Each factor 
of the IPI showed a similar distribution at diagnosis and at 
mobilization, with the exception of the stage, in which stage 
I/II increased from 35 to 54% between diagnosis and 
mobilization. At PBPC mobilization, 70 patients were younger 
than or equal to 60 years of age. The serum LDH level was 
elevated in 68% of patients. The ECOG performance scores 
were 0～1 in 91 and 46% of patients with stage III and IV 
diseases, respectively. The number of involved extranodal sites 
was 0～1 in 83% of patients. When the category of extranodal 
involvement was modified, 49 patients (61%) showed no 
extranodal involvement and 31 patients (39%) had at least 1 
site of extranodal involvement, which was the reverse of that 
found at the time of diagnosis (absent 38%, present 62%). 
According to the AAIPI at the time of PBPC mobilization, 20 
patients were in the low risk, 28 in the low-intermediate, 25 
in the high-intermediate and 7 in the high risk groups.

    2) Engraftment and transplant related toxicity

  The median times to neutrophil engraftment (≥500/mm3) 
and platelet transfusion independence (≥20,000/mm3

) were 11 
days, ranging from 8 to 21, and 14 days, ranging from 9 to 
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Table 2. Patient characteristics II: International Prognostic Index 
at diagnosis and autologous stem cell mobilization

󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚
At diagnosis At mobilization

Characteristic 󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏
No. (%) No. (%)

󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏
Age (years)

  ＜ 60 71 (89) 70 (88)

  ＞ 60  9 (11) 10 (13)

LDH*

  Normal 17 (21) 26 (33)

  Above normal 58 (73) 54 (68)

Performance status (ECOG)

  0～1 64 (80) 73 (91)

  2～4 16 (20)  7 (9)

Stage

  I, II 28 (35) 43 (54)

  III, IV 52 (65) 37 (46)

Extranodal sites

  0～1 60 (75) 66 (83)

  1＜ 20 (25) 14 (18)

Modified extranodal involvement

  Absent 30 (38) 49 (61)

  Present 50 (62) 31 (39)

IPI
†

  Low 29 (36) 46 (58)

  Low intermediate 21 (26) 18 (23)

  High intermediate 18 (23)  9 (11)

  High  8 (11)  7 (9)

AAIPI
‡

  Low  7 (9) 20 (25)

  Low intermediate 21 (26) 28 (35)

  High intermediate 27 (34) 25 (31)

  High 15 (19)  7 (9)
󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏
*lactate dehydrogenase, †international prognostic index, ‡age ad-

justed international prognostic index.

Table 3. Univariate analysis of prognostic factors for progression 
free survival 

󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚
Variables PFS§ at 2 years p value

󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏
Cell type .3956

  B cell 37%

  T cell 30%

IPI* at diagnosis .1727

  Low 46%

  Low intermediate 31%

  High intermediate 18%

  High 48%

AAIPI† at diagnosis .3509

  Low 50%

  Low intermediate 42%

  High intermediate 32%

  High 21%

Age at mobilization .645

  ≦ 60 35%

  ＞ 60 33%

LDH‡ at mobilization .1102

  Normal 35%

  ＞ Normal 33%

Performance status at mobilization .0013

  0～1 36%

  2～4 0%

Stage at mobilization .0033

  I or II 49%

  III or IV 16%

Extranodal involvement at mobilization .1519

  0～1 36%

  ＞1 36%

Modified extranodal involvement .0049

 at mobilization

  Absent 43%

  Present 17%

IPI* at mobilization .0013

  Low 44%

  Low intermediate 24%

  High intermediate 13%

  High  0%

󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏
*international prognostic index, †age adjusted international prog-

nostic index, 
‡lactate dehydrogenase; §progression free survival.

25. The median in patient stay after stem cell infusion was 21 
days, ranging from 14 to 45. 
  All patients became transfusion dependent and 65 (81%) 
developed an episode of febrile neutropenia requiring intrave-
nous antibiotics. A microbiologically documented infection was 
noted in 10 patients (12.5%). The most common grade 3 or 
4 non hematological toxicities were stomatitis and diarrhea, 
which occurred in 41 (51.3%) and 33 patients (41.3%), respec-
tively. No other grade 3 or 4 non hematological toxicities were 
noted. Two patients died of infection 31 and 77 days after 
ASCT, making the transplant related mortality 2.5%. No cases 
of secondary malignancy were found. 

    3) Outcome following ASCT

  The median follow up of surviving patients was 2 years, 

ranging from 8 to 115 months. The Kaplan Meier estimate of 
the proportion of patients remaining progression free at 2 years 
following ASCT was 34%, with an estimated OS at 2 years 
of 31% (Fig. 1A, B). There was a significant different in the 
estimated 2 year PFS between the patient groups according to 
the disease status at mobilization; 63% for complete response, 
38% for partial response, 18% for chemotherapy sensitive 
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Table 4. Multivariate analysis for progression free survival
󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚

p Relative 95% 
Prognostic factors  

value risk CI*
󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏
Chemotherapy sensitive vs. .039 2.790 1.056～7.376

  -refractory at mobilization

Radiotherapy done vs. .005 3.086 1.413～6.739

  not done

Extranodal involved vs. .450 .728 .319～1.659

  not involved at mobilization 

IPI† at mobilization L‡ or LI§ .963 1.025 .367～2.857

  vs. HI∥ or H¶

AAIPI** at mobilization L‡ or .015 2.603 1.202～5.635

  LI§ vs. HI∥ or H¶

󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏
*confidence interval, †international prognostic index, ‡low, §low 
intermediate, ∥high intermediate, ¶high, **age adjusted IPI.

relapse and ≦13% for refractory patients (Fig. 2A). The disease 
status was found to be a statistically significant predictor for 
PFS (p=.0001). The median PFS were 940, 255, 111 and 38 
days for complete, partial, chemotherapy sensitive relapse and 

refractory diseases, respectively. A history of radiation treat-
ment for NHL prior to ASCT was also a significant predictor 
for PFS (Fig. 2B). The PFS at 2 years were 41 and 0% in 
patients with no need for radiation treatment before ASCT and 
for those with a history of prior RT for NHL, respectively 
(p=.0011). No statistically significant difference was shown in 
the PFS according to cell type (Table 3). The two year PFS 
were 37 and 30% for B cell and T cell NHL, respectively 
(p=.3956). The IPI and AAIPI at diagnosis in our study pop-
ulation were not significant predictors of the outcome following 
ASCT (p=.1727 and p=.3509, respectively) (Table 3).

    4) mAAIPI as predictor of outcome

  When the components of the mIPI were assessed in the 
univariate analysis using the log rank test (Table 3), the perfor-
mance status and stage at PBPC mobilization were significant 
predictors of PFS. Age (p=.645), LDH (p=.1102) and extranodal 
involvement (p=.1519) were not predictive of PFS. When 
extranodal involvement was newly categorized as either absent 
or present, those with no extranodal site at mobilization showed 
2 year PFS of 43% in comparison to 17% for those with 
extranodal involvement (p=.0049). The PFS at 2 years were 
significantly different among patients grouped by the mIPI 
(Table 3): 44, 24, 13 and 0% for the low, low intermediate, 
high intermediate and high risk groups, respectively (p=.0013). 
The survival of all patients was assessed to see the predict-

Fig. 2. Progression free survival according to the 3 clinical par-
ameters (A) disease status at mobilization, (B) history of 
radiotherapy before mobilization, and (C) age adjusted 
International Prognostic Index at mobilization, which 
were the significant predictors of outcome following 
ASCT on multivariate analysis. CR: complete response, 
PR: partial response, Rel: chemotherapy sensitive relapse, 
Ref: primary refractory or refractory relapse, RT: 
radiotherapy, L: low risk, LI: low intermediate risk, HI: 
high intermediate risk, H: high risk.
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ability of the mAAIPI on the PFS. The PFS at 2 years were 
as follows: 44, 46, 19 and 0% for the low, low intermediate, 
high intermediate and high risk groups, respectively (Fig. 2C). 
The mAAIPI was able to predict the PFS (p=.0003). A 
multivariate analysis for factors affecting the PFS, using a Cox 
proportional hazards model, demonstrated that disease status at 
mobilization, prior RT for NHL and mAAIPI as significant and 
independent predictors of survival (Table 4).

DISCUSSION

  The International Consensus Conference on ASCT in aggres-
sive NHL reported that patients with a chemosensitive relapse, 
those with a primary refractory status and some complete 
responders are suitable candidates for high dose therapy (20). 
The jury discussed the role of ASCT in slow or incomplete 
responders to initial induction therapy, and did not exclude the 
possibility of a beneficial effect. The report commented that the 
benefit of ASCT in partial responders remains to be defined. 
Those showing a chemorefractory relapse were assessed as 
inappropriate for ASCT; the quality of the evidence; however, 
was not so affirmative. In the current study, ASCT was 
performed for those with a complete response with a high risk 
of relapse at initial presentation, a partial response to initial 
induction chemotherapy, a chemosensitive relapse and a primary 
refractory or refractory relapse. Refractory patients showed a 
good performance, and had no other treatment modality, with 
the exception of ASCT for the control of their disease. On the 
basis of the report from the International Consensus Conference 
on ASCT in aggressive NHL (20), the patients in our study 
were appropriate candidates for ASCT.
  It is inevitable that the disease status at the time of ASCT 
is a prognostic indicator. Reports on Korean NHL patients 
showed that those with a chemotherapy sensitive disease had 
better survival than those with a resistant disease. Also, it 
would be better if the prognostic factors within each strata of 
the disease status at mobilization of PBPC could be analyzed. 
Because the current report is based on the experience from of 
a single institution, which resulted in a small number of study 
patients, all NHL patients treated by ASCT at the Asan Medical 
Center were included. Attempts were also made to find every 
possible predictive indicator for the outcome of ASCT using 
a multivariate analysis. The small number of patient, with the 
inclusion of different disease stati, could also be either positive 
or negative aspects of the current study. If clinical factors for 
predicting the outcome following ASCT could be found within 
this small and inhomogeneous population, these would be very 
influential. The univariate analysis showed that the IPI at 
diagnosis was not predictive of the outcome following ASCT, 
which seems plausible. The closer the assessment of the clinical 
parameters to ASCT, the more predictive these factors might 
be of the outcome. Here, the clinical situation at PBPC mobili-
zation was used. Because the patients’ disease status at the time 
of PBPC mobilization was evaluated to make the flow of 
clerical work smooth, the time point was actual and practical 
for the current study.
  Attempts were also made to try and modify the criteria of 
extranodal involvement in this study. The frequency of 

extranodal involvement is higher in Korea than in Western 
countries (21). In our other unpublished analysis of NHL 
patients at the Asan Medical Center, the statistical significance 
of extranodal involvement was greater when the presence or 
absence, rather than 0～1 or ＞1 site, as in the original IPI 
system, was used. Our present study also showed the signifi-
cance of extranodal involvement when the category was 
modified from that used in the IPI system. This implies that 
it might be necessary to investigate which categorization of the 
extranodal involvement would be optimal for those with a high 
frequency of extranodal involvement.
  In the multivariate analysis of those factors statistically 
significant by the univariate analysis, the performance status 
and stage at PBPC were not included, as these are components 
of the mIPI or mAAIPI. A modified categorization of the 
extranodal involvement was applied to the multivariate analysis, 
as this was relatively different from that of the original IPI 
category. The Cox proportional hazards model conducted in the 
current study revealed that modified extranodal involvement 
and mIPI were not independent predictors of the outcome 
following ASCT in NHL patients. Also, it might be possible 
to discover if the disease status at PBPC mobilization, history 
of prior RT and mAAIPI are independent prognostic indicators 
following ASCT in current NHL patients. In the multivariate 
analysis, the mIPI lost its significance, as evidenced in the 
univariate data analysis. 88% of the patients were aged 60 years 
or younger at mobilization, which might make the significance 
of the age category less meaningful. As described earlier, the 
original categorization of the extranodal involvement might be 
less meaningful for patients with a higher frequency of 
extranodal manifestations. This might also have contributed to 
the loss of significance for the mIPI in the multivariate analysis. 
Despite modification, the new extranodal involvement category 
was not shown to have a role as a single independent prog-
nostic indicator in the Cox proportional hazards model. Because 
a previous history of RT was shown to have such a strong 
statistical power in the current study, but with no reasonable 
explanation, and the disease status being a well known factor 
that also showed its definite significance in this analysis. And 
as the mAAIPI is a combination of significant prognostic 
factors, which was shown to have a unique role as an indicator 
of prognosis in the Cox regression model, the extranodal 
manifestation itself, even when modified, might have lost its 
role as an independent prognostic factor. This modified catego-
rization for the extranodal involvement might have significance 
when combined with other IPI categories, such as the LDH 
level, performance status or stage. The small sample size of our 
study made this analysis difficult.
  It is interesting that RT itself was a significant indicator of 
the prognosis, even after the Cox regression analysis. Eighteen 
patients had been exposed to RT prior to PBPC mobilization, 
and had many adverse factors. Fourteen of these had a refrac-
tory disease status, 9 extranodal involvements and 6 had a high 
or high intermediate mAAIPI. Although patients with a prior 
history of RT tended to have extra adverse factors, the multi-
variate analysis showed that a previous history of RT had 
unique significance as a prognostic factor. The mAAIPI also 
retained its significance in the multivariate analysis. Recently, 
AAIPI at transplantation was reported to have prognostic 
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significance in diffuse large B cell lymphomas undergoing 
ASCT (13). Even though a time lag between PBPC mobiliza-
tion and the ASCT procedure might exist, the clinical change 
or difference should be negligible. Because the actual decision, 
restaging and request of medical insurance coverage are 
performed just prior to PBPC mobilization in our center, using 
the time point of mobilization rather than transplantation would 
seem more reasonable and practical.
  The OS and PFS of all the patients were poor. The survival 
of each disease status also showed inferior results to those of 
previously reported (18). This poor result was assumed might 
have been caused due to intrinsic factors making the prognosis 
poorer. The intrinsic adverse prognostic factors in the patients 
of the current study were the greater number of NHL patients 
with the T cell phenotype, more prevalent extranodal manifesta-
tions, and so on, which are general characteristics of Korean 
NHL patients. To improve the survival of Korean NHL patients 
following ASCT, the predictors of outcome revealed in this 
current study should be employed.

CONCLUSIONS

  In Korean NHL patients, with inherent adverse prognostic 
factors, the disease status at PBPC mobilization, prior RT 
history and mAAIPI were found to be independent predictors 
of the outcome following ASCT. This powerful prognostic tool, 
the mAAIPI, should be applied to evaluate potential suitable 
candidates of ASCT and to compare the results of forthcoming 
approaches in ASCT.
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