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Effect of autologous peripheral blood stem cell
transplantation on advanced mal ignant
solid tumors in children

Dong-Sheng HUANG, SuocQin TANG, Li-ZhenLIU, Jian-Wen WANG, YingLIU, Jie Yan WANG, Shan-Gen L U

Department of Pediatrics, Chinese PLA General Hospital , Beijing 100853

Abgtract :  Objective  The advanced slid tumor in children is not reponsve to regular chemothergpy. This paper
amsat studying the feadhility and efect of high dose chemothergpy combined with autologous peripheral stem cdll
tranglantation (APBSCT) in the treatment of high risk advanced olid tumorsin children. Methods Thirteen patients,
including 7 cases of maignant lymphoma and 6 cases of neuroblastoma, were given APBSCT d&ter receiving complete
remisson (CR) or partid remisson (PC). The median disease duration before tranglantation was 10 months. Before
tranglantation, 12 patients had CR and 1 had PR. Mohilization of stem cells wasperformed with chemothergpy plus G
CSFor GM-CSFin 11 and chemothergpy done in 2 patients. The oollecting mean number of MNCs, CD34" cdl and
CFU-GM was (6.85 £ 2.65) x10°% kg, (15.82+12.93) x 10%/ kg and 17. 87  17. 94 colons’ 10° cell reectively. The
conditioning regimen condgsted of cyclophogphamide plus TBI as basc program in 6 patients, melphaan plus etoposde,
carboplatin in 5 patients and busulfan plus melphaan in 2 patients. Results The median times of the amount of WBC
being more than 0.5 x 10°/ L and 1.0 x 10%/ L and of thrombocytopenia being more than 20 x 10°/ L were 12, 15 and 19
days regectively. A follow-up of 48 months (rangingfrom 1 month to 144 monthg showed that survival and death rates
dter tranglantation were 77 % (10/ 13) and 23 % (3/ 13) regectively. No death due to the translantation was found.
Conclusion APBSCT can dgnificantly improve the prognoss of patients with advanced solid tumors.
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Mdignant lid tumours, egecially neuroblas
toma (NB) , are common in children and account for
7 %- 14 % of childhood malignant tumors, just only
less than leukemia and lymphoma. Furthermore,
they are <serious and not regular
chemotherapy. Although high dosage chemotheropy
will completely or partidly remit NB, they are ill

repondve to

inclined to relgpse unless further powerful treatment
iscarriedout. S expertsin thisfield have come to an
agreement that intensve chemotherapy with APB-
SCT treatment can obvioudy improve the surviva
rate acoording to the sendtive tumour’ s dosage effe
cacy principle. Thirteen children with advanced ma
lignant wolid tumor hogitdized in the Chinese PLA
General Hogitd received the treatment of autologous
peripheral blood stem cell tranglantation (APBSCT)
from March, 1991 to July , 2003. Below isa summa
ry of the sem cdls’
cells amount , the resinfused cellsS amount , the bone
marrow reconstruction time, disease free surviva

harves time, the harvested

(DFS) period ater tranglantation and tranglant-re-
lated complications.

Subjects and methods

Subjects

Thirteen children (9 males and 4 females) rang-
ingfrom 4 to 9 yearsold (average age of 6. 85 years
and weighing 16 - 35 kg were enrolled in this study.
Seven of thee cases were diagnosed as malignant
lymphoma(ML) , including 1 case of Hodgkin disease
IV phase in complete remisson (CR;) , 4 cases of
non- Hodgkin lymphoma |11 phase in CR; and 2 cases
of non-Hodgkin lymphoma IV phase in CR;, and 6
cases were diagnosed as NB , including 3 casesin CR;
at |11 phase and 3 in partia remisson (PR;) at IV
phae. The ML children had
chemotherapy aone and the NB patients had been
treated with chemothergpy , operation and partia ra
diotherapy before transplantation. Their bone mar-
rows had no tumor infiltration or had been in CR.
Trangplantation took place when the patients had a
CR or PR for more than 6 months.

received regular

The disase
ocourse before tranglantation went through between 6
months to 26 months ( median duration of 10

months . The patients were performed with regular
follow-up instead of chemothergpy ater tranglanta
tion.
Harvesting, freezing of stem cells and transplanting
of APBSC

The patients were treated by two methods. The
2 cases before 1992 were performed with regular
chemotherapy alone and the remaining 11 cases re-
celved chemothergpy with
granulocyte colony-stimulating factor (rhG CSF) or
recombination human granulocyte mono colony-stim-
ulating factor (rhGM-CSF). The mohilization pro-
jects included: (1) cytoxan (CTX) + vincrisine
(VCR) + daunorubicin (DNR) + prednisone (Pred) ;
(2) VCR + DNR + Pred + etoposde (VP16) ; (3)
CTX+DNR+VCR; (4) diglatin+ VP16 etc. The
11 patients began to receive subcutaneousinjections of
rhGCSF or rhGM-CSF when the amount of leuco-
cyte dropped to below 2 x 10°/ L. They were stopped
one day before the harvest of APBSCT. The dosage
of rhGCSF or rhGM-CSF was 5.8 + 0. 7H g/ kg ev-
ery day. The harvest started when al the patients’
leucocyte recovered to over 1.5 - 3.0 x 10%L and
was done every morning at the blood tranguson de-
partment until the mononuclear cells (MNC) were to-
tally above 5 x 10%/ kg. The type of cell ssparator mar
chine initialy used was a V30 but it was then re
placed by a CS3000plus and a COBE spectrad. Most
casesjust needed 2 or 3 times but one case needed to
be harvested 6 times. The harvested cells were frozen
and preserved at an environment of - 196 . They
can be rapidly thawed in a 40 waterbath and then
be reinfused into the patients’ bodies through
veinst!
Conditioning regime

The badc treatment program for 6 cases was to-
ta body radiotherapy ( TBI) plus CTX. The TBI
dosage was 6.5 - 8.0 Gy (average 7.45 Gy) given
by twice and the dosage rate reached to or was less
than 5 cGy/ min. The administered drugsincluded: 6
cazeswith CTX 50 mg/ kg for two days; and 1 case
with AraC 1 - 2 g/ m® for two days; 5 cases with
V P-16 100 - 300 mg/ m?for 2 - 3 days; 3 cases with
DNR 20 - 40 mg/ m*for two days; 1 case with idaru-

recombination human

bicin 10 mg/ m? for two days; 1 case with carboplat
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(CBP) 150 mg/ m? for two days; and 1 cases with
mitoxantrone 15 mg/ m* for two days. The other 7
cases were pre-treated with melphaan instead of TBI
and the programs were (1) 5 cases with melphalan 70
mg/ m’ for 3 days plus CBP 425 mg/ m® for 2 days
plus V P-16 338 mg/ m? for 2 days; (2) 2 cases with
busulfan 30 mg/ m? for 3 days plus melphalan 150
mg/ m? for 1 day. The medicines were administered
once daily except busulfan which was given once ev-
ery 6 hours. Three cases were additiondly adminis
tered with the broad spectrum cdl protectant , ami-
fogtine (0.4 g) , 30 minutes before chemothergpy or
radiotherapy.

Results

The amount of stem cells harvested and transplanted

After the mobilization of stem cells, the number
of peripherd white blood cells (WBC) dropped to the
lowest level [(1.25 + 0.85) x 10% L ] within 6.45
days When WBC level rose to (5.83 + 3.55) x
10% L , the harvesting began and the average number
of harvestswas 3. 28 timesin successon. The amount
of gathered MNC was (6.85 +2.65) x 10%/ kg. The
flow cytometer assayed that the quantity of CD34"
cells was (15.82 + 12.93) x 10% kg. After cultivar
tion, the quantity of CFU-GM was 17.87 + 17.94
cloned 10* cells. The amount of tranglanted MNC
was (4.85 +2.74) x10°% kg.
Blood-building function recovery

The amount of peripheral WBC dropped to zero
ater +4.00 = 2.52 days and blood platelet dropped
to the lowest level [ (23.42 +10.88) x 10°/L ] ater
+7.25+4.11 days. The median durations of WBC
level being more than 0.5 x 10%/ L and more than 1.0
x 10% L and blood platelet amount being more than
20 x10°/ L were +12, +15 and + 19 days repec
tively. The patients were discharged from the laminar
flow room &ter 28.2 +11.5 days.
Outcome after therapy

The median follow-up time was 48 months
(ranging from 1 month to 144 months) until July of
2003 including one cae whose follow-up time was
more than 10 years, 3 casesof more than 5 years, 3
casesof more than 2 years and 3 casesof more than 1

year. Three cases died at 2 months, 4 months and 8
months ater tranglantation resectively. One of
them was a NB case which died of cerebra hemor-
rhage due to dow platelet recovery ater trangplanta
tion. The other two with ML died of cerebra infarc
tion and DIC because of bone marrow relgose and the
amount of WBC in one case was as high as 630 x 10°%/
L. The mortdity was 23 % (3/ 13) and no one died
during the earlier period of tranglantation (period
staying in laminar flow room) .
Related transplantation complications

There were 7 cases of fever during tranglanta
tion (53.85 %) , and most were caused by periana
and upper respiratory tract infection; 6 casesof buccal
cavity ulcer (46.15 %) ; 5 casesof liver functional le-
don (38.46 %) ; 5 casesof hypokalemia (38.46 %) ;
2 cases of convulson(one was induced by melphalan,
the other was by amifostine; 1 case of hiliary tract in-
fection and 1 case of hematuria. The long-term com-
plications &ter tranglantation included 1 case of hep-
atitis C dter blood trandusion (earlier-period case)
and 1 case of cataract. No tranglant-related death
occured.

Discussion

It
chemotherapy is accompanied by high risk. Based on
the authors’ data, the method of high dose
chemotherapy plus APBSCT may be ssfer and more
reliable for treating sendtive olid tumors. Weaver et
a'! have a o reported that it was more eficient than
traditional chemotherapy and that the mortality relat-
ed with APBSCT among 1 000 cases registered in the
tumor office was below 3 %. The mortality in this
study was zero , which agreed the above concluson.

is common knowledge that high dose

In this study , ome children were administered
with higher dosage of melphadan, CBP, etc. than
that reported'?! | but the serious erosion of buccal cav
ity and digestive tract did not occur because of the
reaonable hydration, badfication, administration of
ome protective medicines and careful nursng. It
showed that the children with slid tumors could enr
dure high dosages of chemothergpeutic drugs in the
pretreatment.

. 13 .
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Amifogtine is the firg kind of broad gectrum
cell protectant. It does not protect the cdlsof tumors
but those of normal tissue slectively from the damage
of chemotherapy or radiothergoy , and it will not re-
duce the effect of chemothergpy or radiotherapy!®!.
In this study there were three cases administered with
amifostine and none of them had serious eroson of
buccal cavities and digestive tracts. Two of them had
a rapid recovery of leucocyte mount , and 9 the dura
tion of hospitalization and medical cost were reduced.
One of them had hands numbness possbly caused by
the hypocalcemia asociating with amifostine.

There were two IV phase lymphoma casesin this
study whose bone marrow relgpsed rapidly dter
tranglantation even though they were in CR before
tranglantation. The amount of WBC in one case was
as high as 630 x 10%/L and the patient died of cere-
bra infarction and DIC. The possble reason of bone
marrow relgpse was that ater trangplantation the im-
mune function was low and this caused the escaping
tumor cdls or the tumor cels mixed in the returr
tranglanted stem cells to grow quickly.

Untill now the median follow-up time for sur-
vival cases was 48 months. One case was more than
10 years, three cases were more than 5 years, three
cases were more than 2 years and three cases were
more than 1 year. The mortdity was 23 % (3/13) .
There was no deaths during the earlier period ater
tranglantation and this proved that APBSCT was a
very important therapeutic option which could sgnifi-
cantly improve the prognoss of patients with malig-
nant olid tumors. Recently the patients with NB

were administrated with retinoic acid for induced
therapy and a composte thergpy of IL-2, interferon,
etc. dter tranglantation. The purpose was to inmr
prove the surviva rate and decrease the relgpse ater
transplantation.

The method of APBSCT used in this study was
appropriate for those advanced malignant slid tu-
mours which were senstive to chemothergoy or radio-
theropy , such as ML and NB but it needed to be car-
ried out at the gppropriate time. The patients must be
treated with 5 - 6 chemothergpy courses before trans
plantation and have CR or PR during trangplantation.
Moreover the heart , lung, liver , kidney and haematoge-
nous functions mug work normdly. The NB patients
mugt be treated with chemothergpy , operation and loca
radiation and have CR or PR before tranglantation.
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