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  Purpose: High-dose chemotherapy (HDT) and auto-
logous stem cell transplantation (ASCT) have been used 
for the treatment of clinically aggressive non-Hodgkin's 
lymphoma (NHL). However, the superiority of specific 
conditioning regimens has not yet been established. The  
present study evaluated the efficacy and toxicity of a  
conditioning regimen involving fractionated total body 
irradiation (TBI), and the use of Ara-C and melphalan 
(TAM) for clinically aggressive NHL.
  Materials and Methods: Between March 2002 and 
December 2004, 31 patients with aggressive NHL re -
ceived fractionated TBI with a dose of 12 Gy over 3 days, 
and were administered 9 g/m2 Ara-C and 100 mg/m2

melphalan followed by autologous peripheral blood stem 
Cell Transplantation at the Catholic Hematopoietic Stem 
cell transplantation Center Korea. Patients that res-
ponded to first line chemotherapy and achieved complete  
remission (CR), or were in a first sensitive relapse were 
defined as having less advanced disease, while the other 
patients were defined as having more advanced disease.
  Results: Objective responses were obtained in 24 of 

31 patients (77.4% ), comprising complete remission in 19 
patients (61.3%) and partial remission in 5 (16.1% ) pa-
tients. The median follow-up time was 28 months (range 
1～62 months). At 3 years, the overall survival and 
event-free survival (EFS) rates were 62.3%  and 47.3%, 
respectively. Patients with less advanced disease and 
more advanced disease showed 3-year EFS rates of 
73.3%   and 22.5 %, respectively (p=0.006). Early (within 
the first 100 days) treatment-related mortality occurred in 
3 (9.7% ) patients. Of the 31 total patients, 15 (48.4% ) 
developed grade 3 mucositis, 22 (70.9% ) developed neu-
tropenic fever, and two (6.5% ) developed interstitial 
pneumonia syndrome＞grade 3.
  Conclusion: The modified TAM conditioning regimen 
and ASCT appear to be a feasible treatment regimen for 
clinically aggressive NHL, particularly for patients with 
less advanced disease. (Cancer Res Treat. 2007;39:54-60)
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INTRODUCTION

  The rate of complete remission for disseminated, inter-
mediate- and high-grade non-Hodgkin's lymphoma (NHL) is 
approximately 60～80% after standard treatment; however, the 

rate of long-term disease-free survival is only 30～50% (1). In 
particular, long-term survival is only 5～10% after salvage 
therapy in patients that do not attain remission or relapse after 
complete remission (1). Thus, a combination of high-dose 
therapy (HDT) and autologous stem cell transplantation 
(ASCT) has been used in patients with first or subsequent 
chemotherapy sensitive relapse, as well as in patients that fail 
induction chemotherapy (2,3). The efficacy of HDT with ASCT 
has also been reported in patients with a high risk of recurrence, 
even in remission (4).
  Various preparative HDT regimens using chemotherapy only 
or in combination with total-body irradiation (TBI) have been 
explored, but none of the regimens has been found to be clearly 
superior (5,6). The previous reported TBI-based regimens 
mostly involved the use of cyclophosphamide alone or the use 
of cyclophosphamide and etoposide or the use of cyclopho-
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sphamide and cytarabine (7～10). These studies showed that 
transplantation-related mortality and relapse remained major 
problems (7～9). A conditioning regimen comprising a combi-
nation of TBI, cytarabine and melphalan (TAM) was proposed 
for use prior to allogenic and autologous bone marrow 
transplantation for high risk acute lymphoblastic leukemia (10, 
11). Cytosine arabinoside and melphalan are active drugs for 
the treatment of hematological malignancies and these two 
drugs combined with carmustine and etoposide are commonly 
used in a chemotherapy preparative regimen for NHL as the 
BEAM regimen (12,13). Our center previously reported the 
feasibility of a modified TAM regimen for autologous stem cell 
transplantation for acute myeloid leukemia patients in first 
complete remission (14). Based on the experience for acute 
leukemia and the recent report of our center in the experience 
of the use of the modified TAM conditioning regimen for 
AML, we have investigated the feasibility of the use of the 
TAM conditioning regimen for NHL. This conditioning regi-
men has not been evaluated in adult patients with NHL. 
  The current report describes the first single center study on 
the use of TAM as a conditioning regimen for NHL patients. 
The report provides information regarding the toxicity and 
efficacy of this regimen.

MATERIALS AND METHODS

    1) Patient selection

  Between March 2002 and December 2004, 36 patients with 
histologically- proven NHL received TAM high dose therapy 
and autologous peripheral blood stem cell transplantation 
(APBSCT) at the Catholic Hematopoietic Stem cell transplan-
tation Center of Korea. Patients were selected for this study 
based on the following eligibility criteria. The criteria included 
an age between 15 and 65 years, a confirmed histological 
diagnosis of aggressive NHL according to WHO classifications 
(15), a performance status at transplantation that should be ≤ 
2 according to the ECOG (Eastern Cooperative Oncology 
Group) scale, adequate renal, hepatic, respiratory and cardiac 
functions; and the absence of active infection. Additional 
criteria included that the disease status at transplantation was 
one of the three following conditions: 1) patients that had 
relapsed but were chemotherapy-sensitive disease status, 2) 
patients that did not respond to first-line chemotherapy (stable 
disease or progressive disease) but achieved either complete 
remission (CR) or partial remission (PR) after salvage chemo-
therapy, 3) patients in first remission (CR or PR) with a high 
risk relapse based on high-intermediate (2 risk factors) or high 
( 3 risk factors) risk of an age-adjusted International Prognostic 
Index (IPI) at the time of diagnosis (4)-these risk factors were 
lactate dehydrogenase (LDH) levels greater than one time 
normal; Ann Arbor stage Ⅲ/Ⅳ and ECOG performance status 
at diagnosis 2 through 4 (16). All patients gave written infor-
med consent before treatment. Of the 36 patients, 31 patients 
fulfilled the eligibility criteria, and were enrolled in the study.
  Based on the chemotherapy sensitivity and the remission 
state prior to HDT, patients who respond to first line chemo-
therapy and achieved a CR or chemotherapy sensitive first 
relapse were classified as having less advanced disease (7). 
More advanced disease included 1) patients that did not respond 

to first-line chemotherapy or initially responded but progressed 
during salvage therapy and achieved remission after the last 
salvage chemotherapy, 2) patients that achieved PR during 
first-line chemotherapy but never achieved CR in 2 or more 
regimens (7). Patients initially diagnosed with primary central 
nervous system lymphoma were excluded. 

    2) Peripheral blood stem cell mobilization

  Overall, 31 patients received peripheral blood stem cells 
(PBSC), and only three patients required additional bone 
marrow stem cells due to a low PBSC dose. PBSC were 
mobilized by the administration of chemotherapy and reco-
mbinant human granulocyte colony stimulation factor (rhG- 
CSF). Seventeen patients received the IVAM (ifosfamide 1,500 
mg/m2 daily for 5 days plus mesna, etoposide 150 mg/m2 daily 
for 3 days, cytarabine 100 mg/m2

 daily for 3 days and 
methotrexate 3 g/m2 on day 5 with leucovorin rescue) regimen 
for PBSC mobilization. Other chemotherapy regimens used 
were DHAP (dexamethasone 40 mg daily for 4 days, cisplatin 
100 mg/m2 as a 24-hour continuous infusion day 1 and 
cytarabine 2 g/m

2 q 12 hours on day 2; n=5) and mini BCNU, 
etoposide, cytarabine and melphalan (n=3). Patients received 5
μg/kg/day rhG-CSF from the fifth day after chemotherapy until 
a WBC count ＞3,000 /μL or a CD 34 cell proportion ＞0.3 
% was reached. The goal was to collect ＞2×106 CD34 
cells/kg. Cryopreservation in liquid nitrogen, thawing and 
transfusion were performed according to standard procedures.

    3) Conditioning regimen and transplantation procedure

  Thirty-one patients received the modified TAM regimen 
comprising TBI (12 Gy as 2 Gy fractions twice a day for 3 
days) from days 6 to 8, followed by an intermediate dose of 
Ara-C (6 doses of 1.5 g/m2 over 3 hours every 12 hours for 
a total of 9 g) from days 3 to 5, and then melphalan (100 
mg/m

2
 over 30 min) on day 2.

    4) Supportive care and autologous stem cell trans-
plantation

  Prophylactic antibiotic therapy (ciprofloxacin, fluconazole) 
for gut decontamination was orally administered until the 
absolute neutrophil count (ANC) was ＞1.0×10

9/L for three 
consecutive days. All blood components were irradiated and 
leukocyte-filtered before transfusion. Autologous peripheral 
stem cells were infused on day 0. All patients received 
rhG-CSF from day +3 after PBSC infusion with a dose of 5 
μg/kg/day subcutaneously until the ANC was ＞1.0×109/L.

    5) Response and regimen-related toxicity evaluation

  All patients were evaluated for response 3 months after the 
day of stem cell infusion. Response was assessed according to 
the International Working Group response criteria (17). Further 
follow-up examinations were performed at 3-month intervals 
for the first year, and thereafter at 6-month intervals for at least 
3 years, including tests that were abnormal prior to ASCT. 
After ASCT, engraftment was confirmed as an ANC ＞0.5× 
109/L and a platelet count ＞20×109/L with no platelet trans-
fusion for 3 consecutive days. Toxicity was evaluated according 
to the National Cancer Institute-Common Toxicity Criteria 
(NCI-CTC). In terms of regimen-related toxicities; interstitial 
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Table 1. Patient characteristics (n=31)
󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚

No. of
Characteristics

Patients (%)
󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏
Age (median and range) 35 (15～57)
Gender
  Male 20 (64.5)
  Female 11 (35.5)
Histology
  Diffuse large B cell 18 (58.0)

  Peripheral T cell, not otherwise specified  7 (22.6)

  Burkitt's  3 (9.7)

  Extranodal NK/T cell  2 (6.5)

  Anaplastic large cell, primary systemic type  1 (3.2)
Performance status (ECOG) at diagnosis
  0～1 27 (87.1)
  2～4  4 (12.9)
Tumor size (≥10 cm)
  No 23 (74.2)
  Yes  8 (25.8)
No. of extranodal sites
  0～1 20 (64.5)
  ＞1 11 (35.5)
Ann Arbor stage
  I-II 10 (32.3)

  III-IV 21 (67.7)

LDH (U/L)

  ≤normal value 11 (35.5)
  ＞normal value 20 (64.5)
BM involve 
  No 26 (83.9)

  Yes  5 (16.1)
B symptom
  No 23 (74.2)

  Yes  8 (25.8)
CSF involvement
  No 31 (100)
  Yes  0 (0.0)
Age-adjusted IPI*
  0～1 14 (45.2)
  2～3 17 (54.8)
Prior dose-limiting radiation therapy  5 (16.1)
Response to first line treatment 
  

†CR 12 (38.7)

  
‡PR  7 (22.6)

  Not respond (§SD or ∥PD) 12 (38.7)
Number of previous chemotherapy regimens
  1～2 25 (80.6)
  ＞2  6 (19.4)
Disease status 
  Less advanced disease 15 (48.4)
  More advanced disease 16 (51.6)
󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏
*international prognostic index, †complete remission, ‡partial re-
mission, 

§stable disease, ∥progressed disease.

pneumonia syndrome (IPS) was defined as diffuse pulmonary 
infiltrates without an identifiable infectious cause. Veno- 
occlusive disease (VOD) of the liver was defined as liver 
toxicity secondary to chemotherapy or TBI, and the diagnosis 
was made on the basis of hepatomegaly and/or liver tenderness, 
a weight gain ＞2.5% of the baseline and an elevated serum 
bilirubin level ＞2 mg/dl. A diagnosis was also made with or 
without histological evidence of endothelial cell damage at the 
terminal hepatic venules, dilatation of the sinusoids and 
necrosis of hepatocytes (18).

    6) Statistical analysis

  Event-free survival (EFS) was defined as the period from the 
time of stem cell infusion to relapse, progress or death from 
any cause or censored at the last follow-up date. Overall 
survival was defined as the period from the time of stem cell 
infusion to the time of death or censored at the last follow-up 
date. OS and EFS were calculated using the Kaplan-Meier 
method and compared by log-rank test. The Cox regression 
analysis was performed for multivariate analysis to identify 
prognostic factors associated with OS and EFS. The following 
factors were initially planed to be examined: age (≤60 vs ＞60 
years), sex, histology, LDH (≤1 vs ＞1 normal value), disease 
stage (I～II vs III～IV), performance status at diagnosis 
(ECOG 0,1 vs ≥2), number of extranodal sites (＜1 vs ≥2), 
bone marrow involvement, CSF involvement, tumor size (＜10 
cm vs ≥10 cm), age-adjusted IPI score (0,1 vs ≥2), number 
of previous chemotherapy regimens (1,2 vs ≥3) and status of 
the disease before transplantation (less advanced disease vs 
more advanced disease). However, no patient was older than 
60 years or had CSF involvement; age and CSF involvement 
factors were excluded. All analyses were based on a retro-
spective review. Statistical analysis was performed using SPSS 
software version 11.0 (SPSS Inc., Chicago, IL, USA).

RESULTS

     1) Patient characteristics

  Patient characteristics at the time of ASCT are summarized 
in Table 1. Thirty-one NHL patients between the ages of 15 
and 57 years (median 37 years) underwent a TAM condi-
tioning regimen following APBSCT. The patient population 
consisted of 20 males and 11 females. In terms of histological 
subtypes, there were 18 diffuse large B-cell (DLBCL) subtypes, 
7 peripheral T cell (PTCL) subtypes, 3 Burkitt's subtypes, 2 
extranodal NK/T cell subtypes and 1 primary systemic ana-
plastic large cell subtype. The combination of cyclophos-
phamide, doxorubicin, vincristine and prednisolone (CHOP) 
was the most common regimen used for first-line chemotherapy 
(n=25). Other chemotherapy regimens used were ProMACE- 
CytaBOM (n=1), COPBLAM (n=1) and CODOX-M/IVAC (n= 
3) for Burkitt's lymphoma. No patient was treated with 
rituximab-based chemotherapy. Response to the first-line 
chemotherapy was as follows: CR in 12 patients (38.7%), PR 
in 7 patients (22.6%) and stable disease or progressed disease 
in 12 patients (38.7%). The most common salvage regimen was 
IVAM (n=21). Other salvage chemotherapy regimens were



Sook Hee Hong, et al：ASCT with TAM for Clinically Aggressive Non-Hodgkin's Lymphoma  57

Table 2. Non-hematological toxicity of high dose therapy
󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚

No. of patients (%)
Toxicities by 󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏
NCI-CTC* Grade Grade Grade Grade

1 (%) 2 (%) 3 (%) 4 (%)
󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏
Nausea/

 2 (6.5) 16 (51.6)    0 0
 vomiting 
Diarrhea 14 (45.2) 13 (41.9)  1 (3.2) 0
Mucositis  4 (12.9) 12 (38.7) 15 (48.4) 0
Cardiac  1 (3.2)    0    0 0
CNS    0    0    0 0

Hepatic 14 (45.2)  3 (9.7)  1 (3.2) 0
Respiratory  4 (12.9)    0  2 (6.5) 0
Renal 28 (90.3)  1 (3.2)    0 0
Neuetropenic
    0  1 (3.2) 21 (67.7) 1 (3.2)
 fever
Infection    0    0  5 (16.1) 3 (9.7)
󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏
*National Cancer Institute-Common Toxicity Criteria.

DHAP (n=4) and MACOP-B (n=2). The median number of 
regimens was 2 (range 1～4) and the median number of cycles 
was 8 (range 4～13). Two regimens were used in 23 (74.2%) 
patients, 3 regimens in 3 patients and 4 regimens in 3 patients. 
Only two patients with Burkitt's lymphoma were treated with 
one regimen (CODOX-M/IVAC). 
  For 18 patients with DLBCL subtypes, 8 patients did not 
respond to first-line chemotherapy; 5 patients had a high risk 
relapse and 5 had a sensitive relapse. In 8 patients that did not 
respond to first-line chemotherapy with DLBCL subtypes, 6 
patients had an age-adjusted IPI score ≥2. For 7 patients with 
PTCL subtypes, all of the patients had an age-adjusted IPI score 
≥2 and 3 of the patients did not respond to first line 
chemotherapy. For 3 patients with Burkitt's lymphoma, all 
three patients had an age-adjusted IPI score ≥2 and one patient 
did not respond to first line chemotherapy. For 2 patients with 
NK/T cell lymphoma, one patient had a sensitive relapse and 
the other patient had high risk relapse disease status. One 
patient with anaplastic lymphoma did not respond to first line 
chemotherapy. For 8 patients (25.8%) with a bulky mass, 3 
patients had Burkitt's lymphoma and 5 patients had DLBCL 
subtypes. Among the 5 patients with DLBCL subtypes, 4 
patients were Ann Arbor stage IV, one was stage III and all 
of the patients had an age-adjusted IPI sore ≥2. Six of 8 
patients with a bulky mass had a high-risk disease status and 
2 patients did not respond to first-line chemotherapy. One of 
8 patients received involved field radiation before trans-
plantation. 
  In terms of pretransplantation disease status, 15 patients had 
less advanced disease and 16 patients had more advanced 
disease. For less advanced disease, 9 patients (29%) achieved 
CR with high-risk disease and 6 patients (12.9%) had a first 
sensitive relapse. In these first sensitive relapsed patients, 
CHOP was the most common regimen used for first-line 
chemotherapy (n=5), followed by the use of the ProMACE- 
CytaBOM regimen (n=1). The salvage regimens in these 
patients were IVAM (n=3) and DHAP (n=3). In the more 
advanced disease group of patients, 13 (41.9%) of the 16 
patients did not respond to first-line chemotherapy; 3 (9.7%) 
patients achieved PR after first-line chemotherapy but never 
achieved CR after treatment with two or more chemotherapy 
regimens. Among the 13 patients that did not respond to 
first-line chemotherapy, 2 patients achieved CR after third-line 
chemotherapy and 11 patients achieved PR after a final 
treatment with salvage chemotherapy. For the more advanced 
disease group of patients, the median number of regimens was 
3 (range 2～4) and the median number of cycles was 8 (range 
5～13). Five patients received prior involved-field radiation. 
Two of them patients received palliative radiation. Three of the 
patients had localized disease and received radiation with a 
curative intent. For these three patients, two patients progressed 
during first-line chemotherapy and did not respond to radio-
therapy, and the last patient relapsed 8 months after first-line 
chemotherapy and radiotherapy. The radiation dose to the tumor 
bed was between 36 and 45 Gy, with a median dose of 40 Gy. 

    2) Hematological toxicities and recovery

  One patient died on day 6 and another died on day 43 prior 
to engraftment because of multiorgan failure associated with 

clinical sepsis syndrome. The median number of CD34+ cells 
infused was 4.72×106/kg (range; 2.06～46.95×106/kg), and 
the median number of mononuclear cells infused was 3.98× 
108/kg (range: 0.5～12.50×108/kg). Granulocyte recovery to ＞
0.5×10

9/l took a median of 11 days (range 5～17 days), and 
platelet recovery to ＞20×109/l without support for 3 conse-
cutive days took a median of 13 days (range 7～38 days). The 
median number of packed red cell transfusions was 6 units 
(range: 0～14), and the median number of platelet transfusions 
was 7 units (range 1～55). The median time to discharge 
following stem cell infusion was 19 days (range 11～39 days).

    3) Transplantation-related deaths and regimen-related 
toxicity

  Early (within the first 100 days) treatment-related mortality 
occurred in three (9.7%) patients. Three patients died on days 
6, 43 and 56, respectively, as a result of multiorgan failure 
associated with clinical sepsis syndrome involving E. coli (n=2) 
and an unknown organism (n=1). All early mortality patients 
were from the group with more advanced disease; two of the 
patients were previously heavily treated, had a primary 
refractory status, and one patient had required ＞3 regimens to 
achieve remission. The most common non-hematological 
toxicity among the total 31 patients was mucositis, with 15 
patients (48.4%) developing grade 3 mucositis. Twenty-two 
(70.9%) patients developed neutropenic fever, and 8 patients 
had documented infections, with three of the latter developing 
sepsis (E. coli), one pneumonia, one acalculous cholecystitis 
with cholangitis (unknown organism) and three viral infections 
(herpes zoster). IPS ＞grade 3 developed in 2 patients; one died 
from progressed disease and pneumonia underlying IPS on day 
110, and the other patient died at 25 months post 
transplantation. The latter patient had a history of systemic 
sclerosis prior to the NHL diagnosis, and such a combined 
autoimmune abnormality can aggravate IPS (19). There was no 
grade 3 or 4 CNS, hepatic, renal or cardiac toxicities (Table 
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Fig. 1. Overall survival of 31 patients as determined by the 
Kaplan-Meier method.
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Fig. 2. Event free survival of 31 patients as determined by the 
Kaplan-Meier method.
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Fig. 3. Event free survival according to the disease status.

2). No secondary leukemia or myelodysplastic syndrome devel-
oped.
  Of the 5 patients that received involved filed radiation, one 
died due to IPS combined pneumonia and progressed disease 
at day 110.

    4) Response and survival

  Response to transplantation was evaluated 3 months after the 
procedure. Three patients were not evaluated due to an early 
death. Objective responses were obtained for 24 of 31 patients 
(77.4%), with complete remission (CR) in 19 patients (61.3%) 
and partial remission in 5 (16.1%) patients.
  The median follow-up period in patients that underwent HDT 
and ASCT was 28 months (range 1～62 months). The 3-year 
cumulative estimate of OS and EFS rates were 62.3% and 
47.3%, respectively. The OS did not reach the median, and the 
median EFS was 28 months (Fig 1, 2).
  At the last follow up, 6 of the 19 patients in CR after 
transplantation had relapsed at a median of 4 months (range: 

2～28 months) following transplantation. Of these 6 patients, 
4 patients died and 2 were alive after relapses at 13 and 36 
months. All of the patients received salvage chemotherapy. One 
of the relapsed patients received an allogenic PBSC trans-
plantation, and has remained in the CR state. One patient 
underwent disease transformation into an acute lymphoblastic 
leukemia.
  In the less advanced disease group (n=15), the 3-year OS and 
EFS rates were 73.3 % and 73.3 %, respectively, and did not 
reach the median. In the more advanced disease group (n=16), 
the 3-year OS and EFS rates were 51.9% and 22.5%, respec-
tively. The median OS did not reach the median and the EFS 
was 4 months (95% CI 2.1～5.9 months). The EFS rate showed 
a significant difference in survival according to log rank testing 
(EFS rate: p=0.006) (Fig. 3).
  In the less advanced disease group, response to HDT was 
CR in 11 (73.3%) patients. Two of these 11 patients relapsed 
at 4 months and 13 months. In the more advanced disease 
group, the response to HDT was CR in 6 patients (37.5%), PR 
in 3 patients (6.25%), and only two patients maintained CR at 
the last follow up. All three early treatment-related mortalities 
occurred in this group.

    5) Prognostic factors

  Univariate and multivariate Cox regression analysis showed 
disease status at transplantation was the only statistically 
significant factor for EFS (p=0.014; RR=4.210 95% CI=1.339 
～13.241). No prognostic factor was a statistically significant 
factor for OS.

DISCUSSION

  The superiority of HDT with ASCT compared with standard 
salvage chemotherapy in patients with refractory or relapsed 
NHL has been demonstrated in several randomized studies (2～
3). However, the superiority of a specific conditioning regimen 
for NHL has not been demonstrated and only a few 
comparisons between regimens have been reported (5,6). TBI 
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provides the following advantages: no cross resistance with 
chemotherapeutic agents, a homogenous dose of radiation 
administered to the body, and no sanctuary site sparing (20). 
Nevertheless, chemotherapy-only conditioning regimens are 
preferred due to concerns of increased acute toxicity and the 
possible risk of MDS/AML toxicity associated with TBI-based 
regimens (21).
  Several studies comparing TBI-based conditioning regimens 
with chemotherapy alone showed no significant differences 
between the use of the two modalities (5,6). The 3- and 5-year 
EFS rates vary from 20～50% depending on the patient popu-
lation evaluated (5～9). A study by Gutierrez-Delgado et al. 
compared patients receiving TBI/cyclophosphamide/etoposide 
with those receiving busulfan/melphalan and thiotepa, and had 
a median 5-year follow-up (6). The study found that the cum-
ulative probabilities of survival, EFS and relapse at 5 years 
were 44%, 32% and 49%, with the TBI-containing regimen and 
42%, 34% and 42%, respectively, with the chemotherapy-alone 
regimen (6). In the present study, the median follow-up 
duration was 28 months, and a longer follow-up period is 
warranted. The 3-year OS rate was 62.3%, and the 3-year EFS 
rate was 47.3% for all 31 patients. This result is consistent with 
previous reports.
  In relapsed or refractory NHL patients, early treatment-related 
mortality (TRM) for TBI-based regimens has been reported to 
range from 4～34% (5～8, 22). TRM has decreased in recent 
years due to improvements in supportive care and the use of 
PBSC, although the TRM rate has been shown to be ＜10% 
in a recent report (8). Gutierrez-Delgado et al. reported a 13% 
TRM rate for the TBI-containing group of patients and 21% 
for the chemotherapy-alone group of patients. This relatively 
high TRM can be explained by the relatively small proportion 
of sensitive patients (only 42% of the entire group) (6). 
Stokerl-Goldstein et al. reported a 9% TRM rate, possibly 
reflecting that 125 (90%) of the 134 patients had sensitive 
disease (22). In the present study, the patients that experienced 
early TRM (9.7%; n=3) were previously heavily treated and 
had refractory disease. The inclusion of a significant number 
of patients (n=16, 51.6%) with more advanced disease could 
have affected the early TRM rate. High morbidity and toxicity 
were reported in patients that received prior dose-limiting 
radiation therapy and had more advanced disease (23). In this 
study, only 5 patients received dose-limiting radiation therapy, 
and one with primary refractory disease died by day 110. In 
the present study, the number of patients that received prior 
dose-limiting radiation therapy was small, and we are unable 
to draw conclusions regarding the effect of the dose-limiting 
radiation on morbidity and toxicity. We found that 6.5% (n=2) 
of all patients developed clinically significant interstitial 
pneumonitis syndrome. No VOD or later cardiac toxicity was 
observed. Thus, the TAM regimen appears to be relatively well 
tolerated.
  Disease status at transplantation has consistently been 
identified as a prognostic factor for survival (5～8). In the 
present study, disease status at transplantation was the only 
factor affecting EFS. In terms of OS, a longer follow-up is 
warranted. Patients with less advanced disease had a higher 
3-year EFS rate than patients with more advanced disease (p= 
0.006), and only one patient died from a cause other than 

relapse (6.7%). However, for less advanced disease, 9 patients 
with high-risk relapse disease were in the first CR. Among 
these patients, 3 patients had a DLBCL subtype, 3 patients had 
a PTCL subtype, 2 patients had Burkitt's lymphoma and 1 
patient had a NK/T cell subtype. The use of front line HDT 
and auto transplantation as a consolidation approach for patients 
with a first CR of high risk NHL remains controversial, 
especially for patients with a DLBCL subtype. There is still 
some debate regarding the enrollment of these patients in HDT. 
However, less than 50% of the high risk patients are cured with 
standard therapy and consequently, these patients are appro-
priate candidates for experimental therapy. The final analysis 
of the GELA group LNH 87-2 trial showed a survival benefit 
for HDT in high risk patients as a consolidation approach (4). 
Therefore, a further prospective randomized trial is needed to 
confirm the benefit. In the patients with more advanced disease, 
the 3-year EFS of 22.5% was comparable to that seen in other 
series, but more than 70% of patients relapsed and all TRM 
occurred in this group. The present study found that the major 
cause of treatment failure in patients with more advanced 
disease was relapse. These findings indicate that the use of 
novel therapeutics should be explored in attempts to improve 
the outcome in such patients. Recently, the use of immuno-
therapy or radioimmunotherapy (Rituximab, 131I-tositumomab, 
90Y-ibritumomab) as part of the conditioning regimen for ASCT 
has produced promising results with improved disease control 
(24, 25). The results of these newer approaches are expected 
to improve the outcome in these patients.

CONCLUSIONS

  We report here that a modified TAM (fractionated TBI, high 
dose ARA-C and melphalan) conditioning regimen is a feasible 
HDT treatment following ASCT for clinically aggressive NHL. 
In less advanced disease patients, the 3-year EFS was 73.3%, 
and the regimen-related mortality was minimal. However, in 
more advanced disease patients, the 3-year EFS was only 22.5 
% and there was significant treatment-related mortality, indi-
cating that this group of patient requires longer follow-up and 
will require the implementation of novel treatment strategies.
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