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Objective: The prognostic factors and a new childhood prognostic
index after autologous hematopoietic stem cell transplantation
(AHSCT) in patients with relapsed/refractory Hodgkin's lymphoma (HL)
were evaluated.

Materials and Methods: The prognostic factors of 61 patients who
underwent AHSCT between January 1990 and December 2014 were
evaluated. In addition, the Age-Adjusted International Prognostic
Index and the Childhood International Prognostic Index (CIPI) were
evaluated for their impact on prognosis.

Results: The median age of the 61 patients was 14.8 years (minimum-
maximum: 5-20 years) at the time of AHSCT. There were single
relapses in 28 patients, >2 relapses in eight patients, and refractory
disease in 25 patients. The chemosensitivity/chemorefractory ratio
was 36/25. No pretransplant radiotherapy, no remission at the time of

Amag: Relaps/refrakter Hodgkin lenfomanin (HL) otolog hematopoetik
kék hiicre nakli (OHKHN) sonrasindaki prognozunu g6sterecek
belirtecler ve cocukluk caginda yeni bir prognostik skorlama arastirildi.

Gerec ve Yontemler: Bu calismada, Ocak 1990-Aralik 2014 tarihleri
arasinda OHKHN uygulanan 61 hastanin OHKHN sonrasi prognozunu
etkileyen faktorlerin sagkalim tizerine etkisi arastirildi. Ayni zamanda
Yasa Gore Diizeltilmis Uluslararasi Prognostik indeks ve Cocukluk
Donemi Uluslararasi  Prognostik indeks'lerinin  (CDUPI) prognoz
tzerindeki etkisi degerlendirildi.

Bulgular: Altmis bir hastanin ortanca yasi OHKHN sirasinda 14,8 yil
(5-20 yil) idi. Hastalardan, 28 olguda bir relaps, 8 olguda >2 relaps
ve 25 olguda refrakter hastalik vardi. Kemosensitivite/kemoterapiye
direnclilik orani 36/25 idi. Nakil dncesi radyoterapi almamak, nakil
oncesi remisyonda olmamak, nakil sonrasi beyaz kan hiicresi sayisinin
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transplantation, posttransplant white blood cell count over 10x103/
uL, posttransplant positron emission tomography positivity at day 100,
and serum albumin of <2.5 g/dL at diagnosis were correlated with
progression-free survival. No remission at the time of transplantation,
bone marrow positivity at diagnosis, and relapse after AHSCT were
significant parameters for overall survival.

Conclusion: The major factors affecting the progression-free and
overall survival were clearly demonstrated. A CIPI that uses a lactate
dehydrogenase level of 500 IU/L worked well for estimating the
prognosis. We recommend AHSCT at first complete remission for
relapsed cases, and it should also be taken into consideration for
patients with high prognostic scores at diagnosis.

Keywords: Childhood Hodgkin's lymphoma, Prognosis, Autologous
hematopoietic stem cell transplantation, Prognostic index

10x103/uL Gzerinde olmasi, nakil sonrasi 100. giin pozitron emisyon
tomografisi pozitifligi, tanida 2,5 g/dLl'den dusiik serum albiimin
diizeyi progresyonsuz sagkalim (lzerinde etkili belirtecler iken
transplantasyon zamani remisyonda olmamak, tanida kemik iligi
pozitifligi ve OHKHN sonrasi relaps ise genel sagkalim Gzerinde etkili
parametreler olarak bulundu.

Sonug: Relaps/refrakter HLli cocuklarda progresyonsuz ve genel
sagkalimi etkileyen faktdrler acikga gosterildi. Serum laktat dehidrogenaz
iist sinirini 500 |U/L olarak kullanan CDUPI prognozu gdstermede etkili
bulundu. Relaps hastalarda ilk tam remisyonda OHKHN yapilmasini ve
tani aninda ylksek prognostik skoru olan olgularin da OHKHN acisindan
degerlendirmeye alinmasini 6nermekteyiz.

Anahtar Sozciikler: Cocukluk ¢agi Hodgkin lenfoma, Prognoz, Otolog
hematopoetik kok hiicre nakli, Prognostik indeks

Introduction

Children with Hodgkin's lymphoma (HL) have an excellent
prognosis, and their survival rates are satisfactory. The survival
rates for HL have increased from 81% to 95% for children
and adolescents, even those with advanced-stage disease [1].
Approximately 15% of patients cannot be cured and experience
relapse after first-line treatment [2]. The relapse rate is
increased up to 30% in advanced stages, and most relapses of
HL occur within the first 2 years after completing treatment
[3,4]. Autologous hematopoietic stem cell transplantation
(AHSCT) is recommended for patients with refractory disease
during therapy or disease relapse within 1 year after completing
therapy [5,6]. However, some patients who undergo AHSCT
develop recurrence within 1 year [7].

There has been much research on the prognostic parameters
of patients who get worse [8,9,10,11,12]. These prognostic
parameters and scores include the International Prognostic
Index (IP1) and the Age-Adjusted IPI (AAIPI), which have been
proven to show a close relationship between relapse and a poor
prognosis [13]. However, most of these parameters and scores are
for newly diagnosed and adult patients. Thus, in this multicenter
study, we evaluated the effect of various factors and prognostic
indexes, at diagnosis and pre- and posttransplant, on the relapse
rate and survival of children with HL who undergo AHSCT. In
addition, we aimed to create and develop a new international
prognostic index that is specific to children with newly
diagnosed advanced Hodgkin's disease in order to evaluate the
prognosis even after AHSCT.

Materials and Methods

This was a multicenter and retrospective study. Eleven pediatric
stem cell transplant centers in different cities around Turkey
participated, and the data were recorded retrospectively for
61 patients between January 1990 and December 2014. Three
patients had undergone AHSCT before the year 2000, while 58
had undergone AHSCT after that point. Approval for the study
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was obtained from the local ethics committee. Exclusion criteria
for the subjects included lymphomas other than HL and missing
data. In four cases of an unknown pathologic subgroup of HL,
the histologic slides were re-reviewed.

Participants’ Characteristics

Sixty-one children from 11 centers, who underwent AHSCT for
refractory or recurrent HL, were included and retrospectively
analyzed. They showed some significant index values at
diagnosis, pretransplant, and posttransplant for survival and
event status after AHSCT.

Age, sex, concomitant diseases such as immune deficiency
syndromes, and risk factors were analyzed. At diagnosis, risk
factors were based on age, sex, primary tumor localization,
number of relapses, time to relapse from diagnosis until
completing the treatment, response to salvage chemotherapy,
stage of disease, Karnofsky/Lansky score, pathologic HL type,
bulky tumor, spleen involvement, extranodal involvement, bone
or bone marrow involvement, B symptoms, hemoglobin, white
blood cell (WBC) count, lymphocytes, monocytes, mean platelet
volume (MPV), ferritin, albumin, lactate dehydrogenase (LDH),
and sedimentation rate. Pretransplant risk factors were based
on positron emission tomography-computed tomography (PET-
CT) positivity, number of chemotherapy regimens, radiotherapy
(RT), conditioning regimen, and disease status at the time of
transplantation. After transplant, the risk factors were based
on lymphocyte counts on posttransplant days 15 and 100, WBC
counts, neutrophils, monocytes, platelets, MPV, neutrophil/
lymphocyte ratio (NLR), platelet/lymphocyte ratio (PLR), LDH,
and positivity of PET-CT on posttransplant day 100.

Description of Features

Chemosensitivity:  Susceptibility to the action of the
chemotherapy protocol with a complete or very good response.

Staging: HL was graded using the Cotswold modification of
the Ann Arbor staging system. Bulky disease is defined as the
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largest deposit being >10 cm or the mediastinum being wider
than one-third of the chest on chest X-ray [14].

Time to relapse: Refractory disease was defined as occurring
within 3 months after completion of therapy or during therapy.
Early relapse was defined as disease recurring within 3-12
months, and late relapse was defined as disease occurring more
than 12 months from the end of therapy [5].

Prognostic Indexes
Karnofsky/Lansky a Status

The Karnofsky/Lansky performance status is used to determine
the functional status of the patient and is essential for all
outcome-based analyses. The Karnofsky scale is designed
for patients aged 16 years and older, and the Lansky scale is
designed for those under 16 years. The Karnofsky/Lansky scores
range from 100 to 0, with 100 indicating ‘perfect’ health and 0
representing death [15].

Childhood International Prognostic Index

The original AAIPI incorporates serum LDH levels, Eastern
Cooperative Oncology Group (ECOG) performance status, and
Ann Arbor clinical stage at diagnosis. Based on these factors,
patients are divided into four risk groups: O, low risk; 1, low-
intermediate risk; 2, high-intermediate risk; and 3, high risk [13].
We adapted the AAIPI for children according to an LDH level
of 500 IU/L instead of 250 IU/L because of its high prognostic
predictively in childhood HL, and we used the Cotswold
modification of the Ann Arbor clinical stage at diagnosis with
an ECOG modification score according to the pretransplant
Karnofsky/Lansky performance score [15] and the Childhood
International Prognostic Index (CIPI).

Types of Outcome Measures

The definitions used as survival terms were as follows: 1) overall
survival (OS) was calculated from the start of the treatment until
death from any cause; 2) progression-free survival (PFS) was
the achievement of stable disease without signs of progression,
calculated from the day of transplant to the date of the next
relapse or from the date of randomization for post-complete
remission (CR) questions; and 3) event-free survival (EFS) was
calculated from the date of the start of treatment to the date
of the first event (failure to achieve CR, relapse, or death from
any cause).

Statistical Analysis

Statistical analyses were performed using SPSS 15.0. Descriptive
analyses were presented using medians or mean + standard
deviation for variables. The Kaplan-Meier method and log-
rank tests were used in the analysis. The risk factors described

above were analyzed as prognostic factors for the survival rate

with Cox regression analysis. Variables with values of p<0.05
were shown in the univariate analysis and were included in the
multivariate analysis model. A p-value of less than 0.05 was
considered to show a statistically significant result.

Results
Clinical Features of Patients

Sixty-one patients with refractory/relapsed HL were analyzed.
The demographic features are presented in Table 1. The median
age was 14.8 years (minimum-maximum: 5-20), and the
male/female ratio was 40/21=1.9. The subtypes of HL were
lymphocyte-rich in three cases, nodular sclerosis in 32, mixed
cellularity in 23, and unclassified in three. The chemosensitivity/
chemorefractory ratio was 36/25. Additional conditions, such
as tuberculosis (n=3), hepatitis B, Castleman disease, chronic
persistent hepatitis, pericardial effusion, and thymoma, were
detected in eight (13.1%) cases. The primary tumor localizations
were cervical in 24 (39.3%) cases, mediastinal in 24 (39.3%),
abdominal in nine (14.8%), inguinal in three (4.9%), and bone
in one (1.6%). There was bulky tumor in 21 (34.4%) cases,
extranodal involvement in 27 (44.3%), spleen involvement in
33 (54.1%), bone involvement in 12 (19.7%), and bone marrow
involvement in one (1.6%). Stage | disease was detected in nine
(14.7%) cases, Stage Il in 12 (19.7%), Stage Ill in 10 (16.4%),
and Stage IV in 30 (49.2%). Median (mean + standard deviation,
minimum-maximum) hemoglobin, WBC count, lymphocytes,
monocytes, platelets, MPV, ferritin, albumin, LDH, erythrocyte
sedimentation rate, and Karnofsky/Lansky score at diagnosis
were 10.8 g/L (10.7+1.7 g/L, 5.9-13.1), 11.4x10%/uL (11.7+£5.7x10%/
ul, 3.7-24.2), 1.8x103/uL (2+1.1x10%/pL, 0.5-4.7), 0.7x10%/pL
(1.2+1.1x10%/ul, 0.2-6.4), 352x10%/uL (425-157x10°/ul, 193-
797), 7.6 fL (7.5+1.1 fL, 5.3-9.7), 165 ng/dL (349+320 ng/dL, 20-
1290), 3.7 mg/dL (3.8+0.8 mg/dL, 1.4-4.9), 419 IU/L (460+192
IU/L, 150-970), 63 mm/h (63+37 mm/h, 10-140), and 90 (88+186,
40-100), respectively.

Forty-two (68.8%) patients underwent RT before AHSCT. At
the time of the study, 44 of 61 patients were alive, 15 were
dead, and two were lost to follow-up. The causes of death were
progressive disease in nine patients, infection in two patients,
and other reasons except for relapse in four patients, including
posttransplant lymphoproliferative disease in one case, acute
myeloid leukemia progression in another, anaplastic large cell
lymphoma as a secondary cancer in another, and transplant-
related pulmonary hemorrhage in the last. The nonrelapse
mortality rate was 40% (infection in two cases, other causes
except for relapse in four cases, and lost to follow-up in two
cases). The mortality rate 100 days after AHSCT was 6.5% (4
of 61 cases). The transplant-related mortality rate 100 days
after AHSCT was 3.2% (2 of 61 cases; infection in one case and
pulmonary hemorrhage in the other). The median relapse time
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Table 1. Demographic, clinical, and histopathological
features of the patients with relapsed refractory Hodgkin's

Table 1. Continuation

Disease status at AHSCT

CR2 28 459
>CR3 8 13.2
Refractory 25 40.9

Conditioning regimens

BEAM 44 721

Others 17 279
PET-CT positivity before/after day 100 after AHSCT

Yes 22/14 37/23

No 49/47 63/77

AHSCT: Autologous hematopoietic stem cell transplantation, CR: complete remission,
PET-CT: positron emission tomography-computerized tomography.

lymphoma.
Features | Number | %
Sex
Male 40 65.6
Female 21 34.4
Age (years)
5-10 5 8.2
11-15 26 42.6
>15 30 49.2
Subtype of Hodgkin's lymphoma
Lymphocyte-rich 3 4.9
Nodular sclerosis 32 52.5
Mixed cellularity 23 37.7
Unclassified 3 49
Primary localization
Cervical 24 39.3
Mediastinal 24 393
Abdominal 9 14.8
Inguinal 3 4.9
Bone 1 1.6
Other features and involvements
Bulky tumor 21 34.4
Extranodal 27 44.3
Spleen 33 54.1
Bone 12 19.7
Bone marrow 1 1.6
Stage
| 9 14.7
Il 12 19.7
1 10 16.4
\Y 30 49.2
Response to chemotherapy
Chemosensitive 36 59.1
Chemorefractory 25 40.9
Type of relapse
Refractory 33 54.1
Early 12 19.7
Late 16 26.2
Radiotherapy before AHSCT
Yes 42 68.8
No 19 31.2
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was 11 months (minimum-maximum: 1-105). Types of relapse
were refractory disease in 33 (54.1%) patients, early relapse in
12 (19.7%), and late relapse in 16 (26.2%). The PFS and OS rates
for type of relapse were as follows: the 3-year PFS rates were
93.8% for late relapse, 91.7% for early relapse, and 38.7% for
refractory disease (p<0.001); the OS rates were 100% for late
relapse, 83.3% for early relapse (death due to other causes except
for relapse and infection), and 57.6% for refractory disease
(p=0.003). The 3-year survival rates were 57.6% for refractory
disease and 88.9% for patients who responded (p=0.001). Three-
year PFS rates were 38.7% for refractory disease and 94.4% for
patients who responded (p<0.001).

Features of Treatment

All of the patients underwent AHSCT. The disease status at the
time of transplantation was as follows: 36 patients were in
CR (CR2=28 patients, >CR3=8 patients) and 25 patients with
refractory disease were not in remission. The 3-year PFS rates
were 77.3% for patients with remission and 49.3% for patients
without remission (p=0.007), while the OS rates were 91.4%
for patients with remission and 59.1% for patients without
remission (p=0.01).

The BEAM regimen was used in 44 (72.1%) patients, and
other regimens were used in 17 (27.9%). Cyclophosphamide,
etoposide, and BCNU in one case; busulphan and melphalan
in five cases; busulphan, cyclophosphamide, and etoposide in
four cases; fludarabine and busulphan in one case; total body
irradiation, cyclophosphamide, and etoposide in three cases;
CCNU, ifosfamide, and etoposide in two cases; and CCNU,
cyclophosphamide, and etoposide in one case were used as
other conditioning regimens. PET positivity and negativity were
37% and 63%, respectively, before AHSCT; however, these rates
were 23% and 77% after AHSCT on day 100. Forty-two children
(68.8%) received RT before AHSCT.
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Treatment Results

The median (mean + standard deviation, minimum-maximum)
level of lymphocyte counts at day 15 after AHSCT was 0.45x103/
uL (0.51+0.38x10%/uL, 0.01-1.8). The median (mean + standard
deviation, minimum-maximum) levels of WBCs, lymphocytes,
neutrophils, monocytes, platelets, and MPV at day 100 after
AHSCT were 3.9x10°/uL (4.6+2.7x103/ul, 1.2-14.6), 1.3x10%/
uL (1.4+0.9x10%/uL, 0.02-5.1), 1.9x103/ulL (2.5+2.3x10%/uL, 0.3-
12.4), 0.36x10°/uL (0.41+0.27x10°/uL, 0.04-1.43), 127x10°/
uL (131+80x10%/ul, 14-308), and 7.5 fL (7.7+1.4 fL, 4.9-11.3),
respectively. Three-year OS/PFS rates were 77.3% and 68.5%
with a median follow-up of 27 months (minimum-maximum:
1-114 months) for all patients, respectively. The prognostic
factors affecting EFS and OS are presented in Tables 2 and 3.

The 3-year PFS and OS rates were 65.2% and 78.4%, respectively,
in patients who underwent AHSCT after the year 2000, but of
the three cases recorded before the year 2000, two patients
relapsed and all died.

With regard to the CIPI scores, the 3-year PFS rates were 100%
for a score of 0, 61.3% for a score of 1, and 60.0% for a score

of 2 (p=0.36), while the 3-year OS rates were 80.0% for a score
of 0 (death due to infection), 93.3% for a score of 1, and 75.0%
for a score of 2 (p=0.46) (Figure 1).

Patients were scored based on a WBC count of >10x10%/uL at
100 days after AHSCT (0: no, 1: yes), RT before AHSCT (O: yes,
1: no), remission status at AHSCT (0: yes, 1: no), PET-CT status
at 100 days after AHSCT (0: negative, 1: positive), and serum
albumin of <2.5 g/dL (0: no, 1: yes). This scoring correlated with
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Figure 1. (A) Progression-free and (B) overall survival according
to Childhood International Prognostic Index scores [254x135 mm
(72x72 DPI)].

Table 2. Effective parameters on relapse of patients with Hodgkin's lymphoma after autologous hematopoietic stem cell
transplantation in univariate and multivariate analysis.

Prognostic factors | Category Univariate analysis Multivariate analysis

HR 95% CI p HR 95% CI p
Subtype of HL LR/MC/NS/UC 1.6 1.1-2.6 0.042 - - -
WBC at 100 days after AHSCT >10x103/uL 5.4 1.5-19.2 0.009 32.8 1.9-544.3 0.015
RT before AHSCT No 3.1 1.2-7.6 0.019 13.2 1.3-129.5 0.027
Disease status at AHSCT NR 3.2 1.2-8.2 0.012 18.5 1.4-152.1 0.048
Primary refractory Yes 4.1 1.5-10.4 0.003 - - -
Type of relapse L/E/VE 0.17 0.06-0.53 0.002 - - -
ZIE-ITS_((;TT status at 100 days after | pogi e 4.4 12-7.6 0.009 1379 | 21-9093.1 | 0.021
Serum albumin at diagnosis <2.5 g/dL 13.1 1.2-14.4 0.035 59.5 1.6-2238.6 0.027

NS: nodular sclerosing, UC: unclassified, HL: Hodgkin's lymphoma.

p<0.05 is significant. PET-CT: Positron emission tomography-computed tomography, Cl: confidence interval, AHSCT: autologous stem cell transplantation, CR: complete remission,
NR: no remission, L: late relapse, E: early relapse, VE: very early relapse, HR: hazard ratio, WBC: white blood cell count, RT: radiotherapy, LR: lymphocyte-rich, MC: mixed cellularity,

Table 3. Effective parameters on survival of patients with Hodgkin's lymphoma after AHSCT in univariate and multivariate

analysis.
Prognostic factors | Category Univariate analysis Multivariate analysis

HR 95% CI p HR 95% CI p
Disease status at AHSCT NR 3.2 1.2-9.1 0.027 12.4 1.4-107.1 0.022
Type of relapse L/E/VE 0.11 0.02-0.72 0.002 - -
Relapse after AHSCT Yes 7.6 2.1-27.5 0.002 1.2 2.5-50.3 0.002
PET-CT status at 100 days after AHSCT | Positive 4.2 1.1-17.5 0.04 - - -
Bone marrow (+) at diagnosis Yes 1.3 1.3-96.8 0.027 48.4 3.9-586.7 0.002

p<0.05 is significant. PET-CT: Positron emission tomography-computed tomography, Cl: confidence interval, AHSCT: autologous hematopoietic stem cell transplantation, CR: complete
remission, NR: no remission, L: late relapse, E: early relapse, VE: very early relapse, HR: hazard ratio.
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the following 3-year PFS rates: Group 0=100%, Group 1=66.7%,
Group 2=50%, and Group >3=00% (p=0.001) (O: low risk, 1: low-
intermediate risk, 2: high-intermediate risk, >3: high risk). For
3-year OS, remission status at AHSCT (O: yes, 1: no), relapse after
AHSCT (0: no, 1: yes), and bone marrow positivity at diagnosis
(0: no, 1: yes) were scored and showed that Group 0=92%,
Group 1=78.6%, and Group 2=40% (p<0.001).

Discussion

Several prognostic factors affect survival in HL, such as
extranodal disease at time of relapse, mediastinal mass at time
of transplant, advanced stage at relapse, primary refractory
disease, and a positive PET scan prior to AHSCT [2,16,17,18,19].
We found that no pretransplant RT, a posttransplant WBC
count of >10x10%/uL, posttransplant PET positivity at day 100,
serum albumin of <2.5 g/dL at diagnosis, no remission at the
time of transplantation, bone marrow positivity at diagnosis,
and relapse after AHSCT were significant parameters related to
events after AHSCT and OS. In addition, CIPI was significant in
estimating survival after AHSCT in HL.

RT is an important treatment method for HL. Although there
have been several studies on discarding RT in the treatment of
HL at earlier stages, its removal has been proven to increase the
risk of relapse at later stages [20]. Some centers also tend to
give RT after transplantation in order to not waste time before
the transplant and to avoid recurrence of the disease. Our
results clearly showed that there was a 13.2-fold increased risk
of relapse in patients who underwent RT after transplant, but
there was no impact on OS. Lowering the tumor volume with RT
before AHSCT may improve the prognosis.

The NLR and PLR were reported to indicate disease severity and
prognosis in patients with various diseases [21]. However, there
is no relationship between pretransplant and posttransplant
NLR, PLR, lymphocyte, monocyte, and MPV levels in patients
who survive. There is also no relationship between pre- and
posttransplant neutrophil, lymphocyte, NLR, PLR, and MPV
levels and survival. However, on posttransplant day 100, a WBC
count of over 10x10°/uL was found to increase the relapse risk
32.8-fold, but it had no impact on OS.

Several prognostic indexes have been used to evaluate the
survival of patients with lymphoma. The IPI and the AAIPI are
the two of the leading methods [13]. Low scores are correlated
with a high survival rate and high scores with a low survival
rate. Satwani et al. [22] reported that patients with relapsed/
refractory HL in the high-risk group according to prognostic
models for PFS have a high progression risk after AHSCT. We
used the CIPI and it worked well for estimating survival. The
survival rates of our patients were 100%, 59.3%, and 58.3% for
events after AHSCT and 80%, 91.7%, and 80% for OS for scores

270

of 0, 1, and 2, respectively. According to our study, the risk of
progression increased with the increase of the prognostic score,
and this result was compatible with previous studies.

Some pediatriconcology centers may prefer to treat their patients
with chemotherapy without AHSCT. However, the outcomes of
patients who underwent salvage chemotherapy alone were not
found to be satisfactory [23]. Studies about the proper timing
of AHSCT are limited in pediatric populations. Stoneham et
al. reported that AHSCT did not offer any significant survival
advantages over conventional salvage therapy in children with
relapsed HL compared to those with primary refractory disease
[24]. Atas et al. did not demonstrate survival improvement after
AHSCT in early-relapse HL cases (n=6) when compared to late-
relapse cases (n=3). Therefore, AHSCT is advisable regardless of
the time of relapse in children with relapsed HL [25]. In our
study, relapse occurred in 61 subjects with HL; of these, 33 cases
(54.1%) were reported to be refractory to treatment, 12 (19.7%)
were early relapses, and 16 (26.2%) were late relapses. Early
relapse and refractory disease were three times more common
than late relapse, and the OS rates were 100% for late relapse,
83.3% for early relapse, and 57.6% for refractory disease at 3
years.

Metzger et al. reported treatment results after initial salvage
therapy according to early relapse (28%), late relapse (42%),
and refractory disease (30%). However, inadequate response
to initial salvage therapy was the only significant variable
with regard to prognosis, and the 5-year OS rate for these
patients was 17.9%, compared with 97.2% for the patients who
responded [2]. In our study, the 5-year OS rate for patients with
chemorefractory disease was 40.3%, compared to 88.9% for
patients who responded. Based on these studies, it seems that
chemorefractory patients have poor survival rates even after
undergoing AHSCT.

Disease status at transplantation (with or without CR) is one
of the most important risk factors for outcomes. Marcais et al.
reported a 39% OS rate and an 18% PFS rate for chemorefractory
disease compared to patients in CR, who had a 70%-74% OS
rate and a 40%-51% PFS rate at 3 years [26]. In our study, 36
patients were in CR and 25 patients were without remission. The
survival rates of patients in remission prior to transplant were
two times higher than those of patients without remission (OS:
91.4% vs. 59.1%). The relapse rate was lower in the remission
group (PFS: 77.3% vs. 49.3%). If the tumor burden can be
lowered sufficiently, the success of AHSCT treatment may
increase, with high survival and low relapse rates.

The benefit of stem cell transplantation was mainly seen in PFS
for patients with relapsed/refractory HL after first-line therapy
[27]. Some authors recommended AHSCT for children with
early relapsed and refractory HL [5,6,28]. The 3-year OS rate
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for patients who underwent AHSCT was 77.3% in this study,
and their PFS rate was 68.5%. Other studies on AHSCT reported
the projected survival rate as 45% to 70% and PFS as 30% to
89% [16,17,18,29]. Despite our short median follow-up period
(27 months), our results are comparable to those found in other
reports of children with relapsed/refractory HL who received
AHSCT.

Pretreatment factors such as advanced stage of disease (Stage
[1B, 1B, or IV), presence of B symptoms, histology, presence
of bulky disease, extranodal extension, elevated erythrocyte
sedimentation rate, leukocytosis (WBC count of >11.5x10°%/
ul), anemia (hemoglobin of <10.5-11.0 g/L), male sex,
rapidity of response to initial treatment with chemotherapy,
fluorodeoxyglucose-PET avidity after two cycles, low serum
aloumin (<4 g/dl), and low lymphocyte count (<0.6x10°/uL
or <8% of WBC count) were reported as prognostic factors in
previous studies [8,9,10,11,12,30]. Relapsed patients with HL who
had localized disease that was treated with chemotherapy alone
and/or low-dose involved-field radiation therapy consolidation,
and whose relapse occurred >12 months after completing
therapy, have better survival with intensive conventional
chemotherapy [8]. Extranodal disease at relapse, mediastinal
mass at time of transplant, advanced stage at relapse, primary
refractory disease, and a positive PET scan prior to AHSCT were
significant factors in post-AHSCT events [2,16,17,18,19]. Claviez
et al. reported that the most important predictors for disease
control following AHSCT were time to relapse and disease status
at transplantation [5]. We found by multivariate analysis that a
WBC count of >10x10%/uL at 100 days after AHSCT, no RT before
AHSCT, no remission after AHSCT, PET-CT positivity at 100 days
after AHSCT, and serum albumin of <2.5 g/dL were significant
factors for PFS, and that no remission after AHSCT, relapse after
AHSCT, and bone marrow positivity at diagnosis were significant
factors for OS.

In conclusion, the major factors affecting the prognosis of
children with relapsed/refractory HL seem to be tumor load
and chemosensitivity. Treatments that significantly decrease
the tumor volume before AHSCT may improve the survival rate,
as we saw a benefit with RT on EFS when performed before
AHSCT. In addition, the survival rates of patients in remission
before AHSCT were twice as high as those of patients without
remission. AHSCT had a significant benefit on OS, but the timing
must be investigated in larger studies. We also suggest different
treatment approaches for patients with high IPI andfor CIPI
scores to improve EFS and PFS. We suggest that a CIPI that uses
an LDH level of 500 IU/L is more useful in childhood. A serum
albumin status of <2.5 g/dL at diagnosis had a significant effect
on PFS, pointing to the study of the immunologic profile of
the patients, and the treatment schedule may be redesigned
with this immunologic profile. In addition, the characteristics

that showed significance in a univariate but not a multivariate
analysis appear to have an influence as well, and might show a
stronger correlation in larger trials. Patients with high prognostic
factors should be evaluated at diagnosis and may be directed to
AHSCT consolidation therapy at the time of the first CR.
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