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Abstract-Twenty-eightpatients with malignant lymphoma were treated with high dose chemo or 
chemoradiotherapy and allogeneic or autologous bone marrow transplantation. They can be divided 
in two groups: Group 1 : ( 19 pt ) s consisted in patients in relapse or in n complete remission 
(n > 2) (high risk patients); Croup 2 (9 pts) consisted in patients in jrst ar second complete 
remission at time of bone marrow graft (standard risk patients). Complete remission was achieved 
in 1 I/ 17 patients evaluable for response (65%). Duration of response is very different for two 
groups: in group 1, al1 patients relapsed within a median of 2 months (range: 1-12) and died 
within a median of 7 months (range: 2.5-15). In group 2, 719 are alive and wel1 in 
unmaintained CCR in a median of > 18 months (range : > 15-> 36) (P < 0.01). This 
experience shows the feasibility of this approach, the obvious antitumoral activity of these 
conditioning regimens and invited US to use such therapy at an earlier stage of the disease. 

INTRODUCTION 
RECENT advances in thc treatment of lymphoma 

have produced complctc remission in most patients 
with disscminated Hodgkin’s disease [l] or aggres- 
sive non-Hodgkin’s lymphoma [2,3-51. Howcvcr 

thc prognosis of paticnts who do not rcspond to 
first line therapy or relapsc during treatment re- 
mains cxtremely poor [6-101. Marrow transplanta- 
tion has made it possible to treat such patients with 
a morc aggrcssive approach using high dosc 

radiochemotherapy [ 11-221. 
Thr rationale behind high dose chcmothcrapy is 

that a dose/response rclationship has been demon- 
stratcd with alkylating agents in several malignan- 
tics [23-261. 

In the past 2 yr we uscd different high dosc 
combination chemothcrapics followed by bone 
marrow transplantation : melphalan (L.Phenyl 
Alanine Mustard), cyclophosphamide and TBI, 
BACT and BAVM based on the fact that these 
drugs arc active against lymphomas [ 19, 20, 22, 28, 
31-36, 38, 391, and have documented activity and 
toxicity in poor prognosis malignant lymphoma 
[27-301. 

We report here our cxperiencc of 28 paticnts 
with Hodgkin’s and non-Hodgkin’s lymphomas 

Accepted 1 October 1985. 

using these high dose radiochemotherapy regimcns 
followed by autologous or allogenic bonc marrow 
transplantations. 

In rcviewing these results we attempt to dcter- 
mine the place of this approach in the trcatmcnt of 
lymphomas. 

PATIENT CHARACTERISTICS 
Between September 1981 and July 1984, 2% 

patients ( 19 male and 9 female), median agc: 3 1 yr 
(range : 6-60) with malignant lymphoma were 
treated using high dosc chemotherapy followed by 
autologous or allogenic marrow transplantation. 

Histologie subtypes [40], initial staging (Ann 
Arbor criterias) [41], p revious therapy and status 
at the timc of marrow transplantation are dctailcd 
in Tables 1 and 2. Prior to transplantation al1 
patients had received chemotherapy and 23 had 
received radiotherapy. Lymphoblastic lymphomas 
were managed as ALL. Patients with diffuse his- 
tiocytic lymphomas received regimen with doxoru- 
bicin in various schedulcs: CHOP or M BACOD 

[3]. Nineteen patients had cxpericnccd complete 
remission, howcvcr 12 were in resistant relapse 
whcn they received transplant. Ten had a history 
of bone marrow involvemcnt and thrcc had prr- 
viously meningeal involvemcnt. Bulky discase 
(> 5cm) was present at thc timc of transplant in 10 
patients. 
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Twcnty-cight paticnts wcrc studied and analy- 

scd in 29 different courscs, onc paticnt (AU27) 
reccivcd a sccond trcatment and graft 4 months 
aftcr thr first. 

Thc patients can bc dividcd in two groups: 

High risk patìents 
Consisted of paticnts in rclapsc or in n completc 

remission (n > 2). Patients in this group had a very 
poor chance of survival. Nincteen grafts wcrc per- 
formcd in rclapsc-patients: 12 in rclapse rcsistant 
to al1 thcrapy at timc of transplantation; scvcn in 
non-resistant relapsc. 

Onc paticnt was in 5th completc rcmission 
(CR). 

Standard risk patients 
Consisted of paticnts in first or sccond CR at 

timc of bonc marrow graft. Thcy wil1 be considcred 
for transplantation as part ofa pilot study. Eligibil- 
ity was considcrcd if they had the following risk 
factors: (1) for diffuse histiocytic lymphoma: syste- 

mic symptoms (B symptoms), bulk discase, in- 
volvement of marrow, CNS or mcdiastinum; (2) for 
lymphoblastic lymphoma: 2nd CR, initial bulky 
discase, obtention of CR after morc than 4 weeks of 

therapy. 
In this group there were nine paticnts, seven 

wcrc in first CR and two in 2nd CR. 

METHODS 

(A) Bone marron procedures 
Eighteen patients received autologous marron transplan- 

tation. The tcchniquc of harvesting cryopreserva- 
tion, colony forming cells control, thawing proce- 
dure and reinfusion has been reported previously 
[28]. The median yield of nucleated marrow cells 

was 2.6 X lOs/kg (range 1-3.4). 
Thc marrow was harvcsted 0-7 months before 

the graft. At this time it was cytologically normal in 
al1 paticnts. Two patients rcccivcd fresh-marrow 

grafts (AU02, AU30) and 16 received cryo- 
prescrvcd marrow. 

Eleven patients received allogeneic marrow transplanta- 
tion. From an HLA histocompatible sibling [9] or 
from an HLA mismatched donor (2 : AL13; 
AL40). Thc median of infused nuclcatcd cclls was 

2.8 X 10s kg (range : 2.2-3.8). 

* BAVM: BCXU: 300 mgim’ IV Dl 
ARA-C: 200 mg/m” c.i. 1~2, 3, 4, 5. 6 
VDS: 1.3 mg/m’ c.i. D2, 3, 4, 5, 6 
MPH: 140 mg/m2 IV D7 

t BACT: BCNU: 200 mg/m’ IV Dl 
CY: 50 mg/kg IV D2, 3, 4, 5 
ARA-C: 200 mg/m2 c.i. D2, 3, 4, 5 
6 TG: 200 mg/m’ p.o. D2. 3, 4, 5 

(B) High dose radiochemotherapy 
(1) dllogeneic marrow transplantation regimens (11 

patientsj. Ten patients were conditioncd with cyc- 
lophosphamidc 60 mg/kg for 2 days and TB1 from 
lincar-accelerator source. 

Onc patient (AL40) who was irradiatcd beforc 
transplantation for Hodgkin’s lesions was prcpared 
with Busulfan and cyclophosphamide [43]. 

Prophylaxis against graft-versus-host discasc 
(GVHD) was done using Methotrcxatc [45] in 
nine patients and cyclosporine A in 2 [46, 471. 

(2) Autologous transplantation regimens. (a) High 
dosc Melphalan alom (140 mg/m’): Melphalan 
was given as an intravcnous bolus into six paticnts 
hydratcd (3000 mllmgld) with continuous in- 
travenous Auids started 6-12 hr bcforc and con- 
tinued for 24 hr after chcmothcrapy. (b) Combina- 
tion chemothcrapy with high-dose mclphalan: Thc 
first six patients received thc BAVM protocol* 1281. 
Onc patient (AU34) with ccntral nrrvous system 
involvement, received BCNU 300 mg/m’ IV on day 
1; Procarbazin 200 mg/m’ IV on days 1,2,3 and 4: 

VEHEM (VM26) 200 mg/m’ IV on days 2,3 and 4; 
melphalan 140 mg/m’ IV on day 5. 

These two protocols have been cvaluatcd in a 
prcvious study [28]. The last thrce patients rc- 
ceived the BEAM protocol (as a part of a multi- 
centric study): BCNU 300 mg/m’ IV on day 1: 
ctoposidc (VP16) 100 mgm/m’ IV on days 2, 3, 4, 
and 5; ARA-C 100 mg/m’ IV q. 12hr on days 2,3,4 
and 5; melphalan 140 mg/m’ IV on day 6. Auto- 
logous bone marrow was infused 24 hr or 48 hr 
after IV melphalan. (c) Thc BAC’I’ regimen 1441 
was uscd on two patients with Hodgkin’s Discase+: 

Autologous bonc marrow was infused 48 hr aftcr 
the last dose of chemotherapy. 

(C) Supportive care 
Al1 allogcneic marrow transplantations were 

conductcd under sterile conditions in laminar air 
flow rooms with decontamination of thc gastro- 
intcstinal tract. Autologous marrow transplanta- 
tions were managed in single rooms with convcn- 
tional hospita1 reverse isolation cxcept paticnts 
AU2 1, AU24, AU29, who were trcated in laminar 
air flow rooms. Thcy receivcd prophylactic Bac- 
trim. Blood components excrpt marrow were 
irradiatcd with 15 Gray and were given as ncedcd 
to maintain the hcmoglobin lcvel above 10 g/lOO 

ml and the platelet count abovc 2O,OOO/pl. 

(D) Eualuation of response and toxicity 
Paticnt’s response was evaluatcd 1 month aftcr 

bom marrow transplantation. Complctc remission 
(CR) was defined as complete disappearance of al1 
signs relatcd to tumor at least for 1 month; partial 
responsc (PR) was used to dcfinc a dccrcasc of 
greater than 50% in al1 mcasurablc tumor at least 
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for onc 1 month. Stablc diseasc (SD) was dcfined 
as no cvidence of discase progrcssion at least for 1 
month. 

RESULTS 

Overall results 
Seven paticnts were alive and fret of diseasc 

from 15 + to 36 + months after transplantation. 
Al1 are standard risk paticnts. Al1 the other pa- 
tients died: 16 from progression of the discasc, two 
from GVHD, three from infection. 

Antitumor response and survival 
Tables 1 and 2 summarise the outcome of each 

patient aftcr BMT. 
High risk group. 17120 patients were evaluable for 

response after transplantation. Three are not cv- 
aluable: two patients (AU05, AU42) died early 
from infection; the last one received high dose 
radiochemotherapy in 5th CR. 11/17 patients 
(65%) had 2nd complete remission; five patients 
had a partial remission. Only one patient was 
considcred as non responder (AU37). Out of 17 
responders after transplantation, three died early 
from bone marrow graft complications (AL13, 
AL35, AL45). Al1 the remaining patients relapsed 
within a mcdian of 2 months (range 1-12) and died 
within a mcdian of 7 months (range 2.5-15). 

Standard risk group. 719 patients are alive and wel1 
in unmaintaincd continuous complete remission in 
a median of > 18 months (range: > 15 to > 36). 
The two other patients relapsed at 2 and 3 months. 

Patterns of relapse 
Sixtecn patients relapsed aftcr complete or par- 

tial remission. In 14/16 cases, relapse occurred 
predominantly at sitcs of prior lymphomatous in- 
volvement. In al1 but one case, patient relapse was 
observed within the first 5 months after trans- 
plantation. 

Hematological suppression 
Hematological toxicity is detailcd in Table 3. 

Scvcre marrow aplasia occurred in al1 cases with 
leucocyte counts ofless than 0.1 X 1 Oy/ 1 and platelet 
counts of less than 20 X 1 O"/l . 

Twcnty-eight paticnts survived for at least 30 
days and were evaluablc for hcmatologic recovery: 
blood ncutrophil counts reachcd 500 per microlitrc 
in a median of 22 days (range 16-43) aftcr 
allogeneic transplantation and 14 days (range 8- 
24) after autologous (P C 0.01). Platelet counts 
rcached 5O,OOO/pl in a mcdian of 36 days (rangc 
13-96 aftcr allogcncic graft and 25 days (range 
13-52) after autologous. 

Delay of hematologie recovery was longer in 
allogeneic than in autologous grafts; this is rclatcd 
with use of fractionated TB1 and methotrexatc for 
prevention of GVH. 

Toxicity (Table 3) 
(a) Infection. 28 patients developed fever during 

aplasia: median duration of hyperthermia > 38°C 
was 5 (range 0-21). The number of days under IV 
antibiotics ranged from 0 to 67 days (median : 19). 

One patient (AU05) died from sepsis by day 12; 
three developed acute respiratory distress syn- 
drome overwhelming gram positive sepsis (AU38, 
AU42, AL45). 

(b) GVHD. 7/11 patients developed acute 
GVHD with grading > 2. Two patients died 
directly from the consequences of severe GVHD 
(AL13, AL35). 

(c) Fifieen cases of moderate or severe mucostitis were 
observed. Twelve patients suffered from moderate or 
severe nausea and six from moderate or severe 
diarrhea. 

(d) Other extra-hematological complications were: 
One veinous occlusive disease (AU42). One car- 
dio-myopathy with pericarditis (AU24) which, for- 
tunately, resolved. One pancreatitis with perfo- 
rated duodenal ulcer (AL40). One hemorrhagic 

Table 3. Hematologie recovery and toxicity 

Allogenic grafts Autologous grafts 

Total number ofpatients 

Infused nucleated cells/kg X 10s 
mean + S.D. 

Number ofdays with 
Gd C 0.5 X lO”/l mean f S.D. 

Number of days with 
PI < 50 X lO”/l mean + S.D. 

Number of days of fever > 38°C 
mean f S.D. 

Number ofdays under antibiotics 
mean + S.D. 

11 17 

2.77 + 0.53 NS 2.32 + 0.85 

25.45 f 8.79 P < 0.01 13.60 i 4.30 

37.80 + 23.24 NS 26.41 + ll.75 

1.09 + 10.4 NS 4.71 + 5.35 

28.09 rt 16.88 NS 16.35 + ll.79 

Gd: = granulocytes 
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cystitis clearly attributable to the cyclophospha- 
mide (AL45). 

DISCUSSION 
Paticnts suffcring from malignant lymphomas 

not responding to first lint conventional che- 
motherapy or in relapse present a thcrapeutic 

challenge: Prolonged discasc-free survival after 
secondary therapy is unusual in this poor prognos- 
tic group. For cxample: Cabanillas reports a 21% 

remission rate and only a 7% diseasc-fret in his 
study involving 243 paticnts recurrcnt non- 
Hodgkin’s lymphoma trcated in fivc different che- 
mothcrapeutic regimcns [6]. Santoro reports a 
bcttcr result with a 22% disease fret survival ratc 5 
yr after treatment in patients with Hodgkin’s dis- 
case rcsisting primary chemotherapy with MOPP 
who were treated with ABVD, a regimen designed 
to avoid cross-resistance with MOPP [lol. 

Both experimental and clinical studies suggest 
grcater &cacy of intensive cytotoxic therapy for 
hematologie cancers [48] 1231. Using autologous, 

syngcnic or allogencic marrow transplantation to 
limit myclosuppression it has been possible to curc 
15-20% of paticnts with rcsistant non-Hodgkin’s 

lymphoma [ll], [lg], [49]. 
Our results confirm that using high dosc 

cytoreductive therapy and BMT, it is possiblc to 
achieve a high response rate (65%) in patients with 
advanccd Hodgkin’s disease and non-Hodgkin’s 
lymphoma who have been cxtcnsively trcated prior 

to progression of thcir discasc (high risk group). 
In this population of multi-rcsistant paticnts 

with malignant lymphomas our response and re- 
mission rates are similar to other publishcd high 
dosc chemoradiothcrapy regimcns. Using auto- 
logous bone marrow grafting, Appelbaum reportcd 
a 10/14 response rate (70% CR and PR) [44] and 

Philip obtained 7/10 (70% CR) using BACT [ 181; 
Hartmann obtained 11/16 (68% CR) using mod- 
ificd BACT on childrcn [ 151; Gorin obtained 4/6 
(66’h CR) with TACC [14]; Tannir gave 5/8 (62% 
CR) with CBV or CY-TB1 [20]. Using CY-TBI, 

Phillips prrsentcd 23 CR/34 cvaluable patients 
(65%) [50, 511 and Appclbaum rcported 7 CR/8 
paticnts with twin donors [l l] and 14 CR/20 
patients (70%) with allogcnic transplantation [12]. 
Using CRAB rcgimen and allogcnic grafting O’Lc- 
ary obtained CR in thrcc rclapscd lymphomas 

[17]. 
Onc potcntial disadvantage of autologous mar- 

row transplanation is the reinfusion of malignant 
cclls and many clinicians have been reluctant to 
usc this techniquc as part of an othcrwisc possibly 
curative approach. 

However we observed that most relapscs were 
localized to sitcs that had previously been involvcd 

with lymphoma and were not widely disscminatcd 

as might have been anticipated if thc infuscd 

marrow had contained viable tumour cclls. 
This demonstrates that our regimens, CY-TBI’ 

melphalan alone of BAVM are not complctcl) 
lymphoma ablativc in refractory lymphomas. That 
thr CY-TB1 regimen is inadequate is suggcstcd by 
the high relapse ratc rcportrd aftcr its usc in 
allogeneic marrow and syngcncic marrow trans- 
plantation [49] or after autologous [ 191. Thc samc 
was observed with BACT regimcn 1491 cxccpt Lor 
Burkitt’s lymphoma. It wil1 br important to dcfinc 
thc sensitivity of the different forms of lymphoma 
to the different preparativc rcgimcns. 

It is also intcrcsting to notc that prolongcd 
remissions were achieved and rcportcd, cvcn fol- 
lowing transplantatlon of marrow that was initially 

involvcd with lymphoma and clearcd with convcn- 
tional chcmotherapy beforc marrow storagc [ 491. 

Neverthelcss, regimcn-relatcd failurc may 
obscure a high relapse ratc dut to rcinoculatcd 
lymphoma cclls, and it would appcar logica1 to 
prefer a HLA identical sibling to an autograft 
whenever possible, or in thc lattcr case to minimizc 
the possibility of infusing tumor cclls wit11 thc 11s~ 
oftechniques more sensitivc than histologie studies 
to identify occult malignant cclls [52, 531 and 
methods to purge occult tumor cclls fi-om thc 
marrow bcforc storagc [54-58 1. 

On thc other hand intcnsivc thcrapy associating 
boost radiotherapy to sitcs of bulky diseasc can bc 
safely given with substantial anti-lymphoma activ- 

ity. Preliminary study suggests thc possibility that 
thc intensification with hoost wil1 rcducr thc rc- 
lapse but follow up has yct been insufficicnt fijt- US 
to be ablc to draw any conclusions [51]. 

Potential disadvantages of allogcncic marrow 
transplantation includc the immunologie problems 

of rejcction: graft-versus host discasc and prolongcd 
immunodeficicncy status. Although more complica- 
tions are associatcd with allogcncic than with 
autologous bone marrow transplantation, thcrr are 
situations in which thc formcr is prcftirablc cspccial- 
ly in thc case of marrow involvcmcnt with lympho- 

ma at timc of diagonsis. bvhcthcr G\‘HD has any 
benefìcial antitumor cffrct in lymphoma patients, as 
has been suggestcd in acute lcukcmia, rcmains to hc 
establishcd. 

Thc short duration of response of high risk group 
paticnts is rclativcly prcdictablr in such a srlcction 
of rcsistant paticnts and has been obscrvcsd as wcll 
with ether regimcns in malignant lymphomas and 
in othcr malignancics. Thc only fcaturc associatcd 
with prolongcd discase-frcc survival was paticnt 
status at timc of transplantation: in high risk group 
14/14 paticnts cvaluable for duration of‘ response 
rclapsed. Amongst the ninc standard risk paticnts, 
two rclapsed and scvrn arc in unmaintaincd CR 
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Fig. 1. Product limit estimate ofsurvival (Kaplan Meier method) in “High Risk” and “‘Standard Risk” patients (statistical 
method = Log Rank Test). 

from > 15 to > 36 months (Fig. 1). Identical 
results are seen in the preliminary study of O’Le- 
ary [17]. 

The feasibility of this approach and the obvious 
antitumoral activity of these conditioning regimens 
(very high response rate in patients resistant to 
conventional chemotherapy) invited US to use such 
therapy at an earlier stage of the disease in first or 
second complete remission, in selected patients 
known to have poor prognosis under conventional 
chemotherapy. 

In conclusion bone marrow transplantation pro- 
vides an alternative to conventional chemotherapy 
for the patients with poor risk lymphomas when the 
graft is performed before the adverse conditions of 
high tumour burden and drug resistance are. Con- 
solidation therapy with autologous BMT during the 
first remission has been successful in canine lym- 
phomas and these results are supported by our 
study; transplantation of allogeneic or syngeneic 
marrow during the first remission has proved to be a 
successful strategy in reducing the incidence of 
relapse in acute leukemia [22] and lymphomas [ 171. 

However a high risk of rclapse is rcquired to 
justify the morbidity of intensive therapy during 
the first rcmission. 

Reliablc prognosis factors have not been idcn- 
tified for paticnts with lymphoma in the first CR 
after newer primary chcmotherapy. 

Salvaging paticnts who have previously receivcd 
aggressive first line chemotherapy and subsequent- 
ly relapsed is obviously much more difficult; and it 
is to be expected that the response rate is low and 
the duration of response short. 

Al1 these factors make it difficult to determine 
which categories of patients should bc treated with 
conventional or with high dose chemotherapy. 

We are currently performing high dose che- 
motherapy intensification: 

1. On children with lymphoblastic or Burkitt’s 
lymphomas in early relapse, in partial or in second 
remission, or in 1st CR when there are these risk 
factors: CNS or bone marrow involvement, bulk 
disease; unobtained CR after 4 weeks of induction 
therapy. 

2. On adults: (a) with diffuse histiocytic lym- 
phomas, with clinical stage 3 or 4 and responding 
or not to initial chemotherapy (restaging after 4 
M-BACOD); (b) with lymphoblastic lymphoma 
stage 3 or 4 (Murphy classification) who were or 
not in complete remission at the end of the con- 
solidation phase of the LSA2 L2 protocol; (c) with 
relapsed or resistant lymphomas for other histolo- 
gies. 

Despite the known risk of GVHD with allogeneic 
BMT our results should entourage thc use of 
allogeneic BMT for those patients who have sibling 
donors. 
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