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Summary. A consecutive series of 21 previously untreated 
patients with low-grade non-Hodgkin lymphomas were 
treated with mitoxantrone 5 mg/m 2 daily for 3 days every 
3 weeks. The cumulative dose did not exceed 165 mg/m 2 in 
any patient. In this group, 7 patients had small lymphocyt- 
ic lymphomas, 10 patients had follicular small cleaved cell 
lymphomas, and 4 patients had follicular mixed small- 
and large-cell lymphomas. Of the 21 patients, 20 obtained 
remission (complete in 6, partial in 14), and 15 of these are 
still in remission. Relapse-free survival is 68% at 2 years. 
None of the patients has died. Nonhematologic toxicity 
was modest. No severe alopecia was seen, and only 6 pa- 
tients had nausea and vomiting (WHO grade 1-3). No 
cardiac toxicity was seen. In conclusion, mitoxantrone is a 
highly active and well-tolerated drug in this subset of pa- 
tients. Hematologic toxicity, especially leukopenia, was 
dose limiting, and a reduction of the dose was necessary in 
15 out of the 21 patients. 

Introduction 

The treatment of low-grade non-Hodgkin lymphomas is 
still under debate. While it is recognized that in some pa- 
tients the treatment can be deferred for years, other pa- 
tients with symptoms or a heavier tumor load need initial 
treatment. The response rate to single-agent chemothera- 
py, combination chemotherapy, or radiotherapy is usually 
relatively high, but in most studies the subsequent relapse 
rate is constant at 20%-30% per year and median survival 
is only around 7-9  years in large patient series [3, 6]. 

More recently, prospective randomized series have 
shown no superiority of such combinations as CHOP- 
Bleo, COPP, or BCVP over single-agent cyclophospham- 
ide [7] or cyclophosphamide plus prednisone [2] with re- 
spect to frequency and duration of remission. At this time 
there seems to be no difference in survival, but longer ob- 
servation times are needed for the analyses. Since the ulti- 
mately fatal outcome of low-grade stage III  and IV lym- 
phomas has not been changed by current therapy, there is 
a need to identify new agents with more selective activity 
in this group of patients. 
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Mitoxantrone (Novantrone) is a new synthetic an- 
thracenedione, which in phase I - I I  studies was shown to 
be well tolerated [9, 10, 11] and which has demonstrated 
significant antineoplastic activity in previously treated 
lymphoma patients [1, 4, 5]. 

Since the true activity of a new agent is difficult to 
evaluate in heavily pretreated patients we performed and 
report here a phase II study of mitoxantrone in previously 
untreated patients with stage I I I - I V  low-grade lympho- 
m a s .  

Methods 

Patients. Consecutive patients with the following histologi- 
cal diagnosis based on the International Working Formu- 
lation (IWF) were considered for the trial: diffuse small 
cell (DSL), follicular small cleaved (FSC), and follicular 
mixed small and large cell (FM) lymphomas. 

Standard staging procedures (including liver and bone- 
marrow biopsy, chest X-ray, lymphangiography, in select- 
ed cases CT scan of the abdomen) were applied to select 
eligible patients, who had stage III  or IV disease, had re- 
ceived no prior therapy, and showed no evidence of car- 
diac disease or other severe complicating diseases that 
might interfere with therapy. Glucocorticosteroids could 
not be given as antiemetic therapy. During and after the 
treatment, the patients were followed up by means of phys- 
ical, radiologic, and blood tests. Electrocardiograms were 
performed in each cycle, and cardiac function was evalu- 
ated in addition by multiple gated acquisition (MUGA) 
scintigrams after the 8th cycle and when therapy was dis- 
continued. Following 8-11 cycles of therapy, the patients 
were observed without therapy until relapse occurred. At 
the time of this report (November 1987) all patients are 
alive and under observation in our department. 

Treatment.  Mitoxantrone, 5 mg/m 2 body surface area, was 
administered by i.v. 5-min infusion daily for 3 days, re- 
peated every 3 weeks. A minimum of 8 cycles was planned 
in responding or stable patients. If a reduction in tumor 
size occurred in a patient in PR (partial remission), a fur- 
ther 3 cycles were admissible, provided no cardiac side-ef- 
fects had occurred and MUGA scintigrams showed a satis- 
factory ejection fraction. A sliding scale of downward dose 
adjustment was used for leukopenia and thrombocytope- 
nia. No other toxicities were so severe as to demand dose 
adjustment. 
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Fig. 1. Percentage of planned dose given during each cycle of 
therapy 

Table 1. Patient characteristics 

Total 

Male/female 

Age: 

Stage 

Median 
Range 

III A 
IV A 
IV B 

Bone marrow involvement 

Liver involvement 

Histology" DSL 
FSC 
FM 

21 

11/10 

53 
32-74 

8 
9 
4 

12 

8 

7 
10 
4 

DSL, diffuse small cell lymphoma; FSC, follicular small cleaved 
cell lymphoma; FM, follicular mixed small and large cell lym- 
phoma 

Table 2. Response to mitoxantrone according to histology 

Histology (IWF) n CR PR CR + PR 

DSL 7 1 5 6 
FSC 10 3 7 10 
FM 4 2 2 4 

21 6 14 20 
(29%) ( 6 7 % )  (95%) 

Table 3. Hematologic toxicity in 21 patients 

Number of patients with toxicity WHO 
grade a 

0 1 2 3 4 

Hemoglobin 12 8 1 0 4 
WBC 0 0 11 9 1 
Platelets 15 3 0 3 0 

a [12]  
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Fig. 2. Relapse-free survival 

The dose administered to each of  the 21 evaluable pa- 
tients was calculated and expressed as a percentage of  the 
planned protocol dose (Fig. 1). 

Response was assessed at restaging after 8 cycles and - 
in those patients who received the additional 3 cycles - af- 
ter 11 cycles. Initial liver and bone-marrow involvement 
necessitated repeat biopsy. 

WHO criteria were used for CR (complete remission) 
and PR (>50% regression) and toxicity [11]. Duration of  
remission was calculated from the onset of  PR to the date 
of  the last follow-up examination or date of  relapse. 

Results 

Characteristics of  the 21 consecutive, eligible patients are 
shown in Table 1. All received treatment as per protocol. 
Reduction in volume of  the lymphomas was usually ap- 
parent within the first 2 cycles. In 6 patients, CR was ob- 
tained, while 14 patients obtained PR (Table 2). While a 
median of  2 cycles (range 2 -8 )  led to PR, CR was seen af- 
ter a median of  8 cycles (range 7-9) .  The histological sub- 
types in CR patients were: DSL, 1 patient; FSC, 3 pa- 
tients; and FM, 2 patients. One relapse has been observed 
in the CR patients (DSL). Among the 14 patients with PR, 
4 relapsed at 7, 7, 81/2, and 14 months after achieving PR, 
and these patients are now receiving other therapy (Fig. 2). 
The other 10 patients continue in PR, but the follow-up 
period is still short (median 15 months, range 9-24).  

Toxicity during treatment was mild, and all patients 
could be treated on an outpatient basis. The dose-limiting 
toxicity was hematologic (Table 3), mainly taking the form 
of  leukopenia and necessitating dose reduction in 15 pa- 
tients (as demonstrated in Fig. 1). In 5 of  these patients, it 
was also necessary to extend the interval between treat- 
ments in a total of  9 cycles because of  prolonged leukope- 
nia. The 15 patients demonstrating hematologic toxicity 
included 9 who had bone-marrow involvement by lympho- 
ma before therapy. 

Non-hematologic toxicity was very mild. Partial alope- 
cia was noted in 1 patient, and only 6 patients had nausea 
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and vomit ing (WHO grade 1-3).  An unusual  side-effect 
was part ial  and reversible loss of  fingernails,  which was 
observed in 2 patients.  Card iac  toxici ty was not  seen in 
any patient.  M U C A  scint igraphic examinat ion  was per- 
formed in 9 patients who received more than 8 cycles of  
therapy:  in all 9, the ejection fraction was unal tered  after 
11 cycles of  mi toxantrone.  

Discussion 

The response rate of  95% observed in this study is much 
higher than those previously repor ted  with mi toxant rone  
in low-grade lymphomas  [1, 4, 5]. The explana t ion  for the 
difference is that only untreated pat ients  were included in 
our  study and the p rob lem of  cross resistance was thus 
avoided.  Comple te  remission was obta ined  in 29% of  the 
patients.  This frequency was reached after a t reatment  du- 
rat ion of  24-33  weeks. Single-agent cyc lophosphamide  led 
to 66% CR in a C A L G B  study of  patients with nodular  
lymphomas ,  but the median  t ime to CR was 9 months [7]. 
It is not  possible to predict  whether a more p ro longed  
t reatment  with mi toxant rone  would reach the same level of  
activity as cyc lophosphamide  in this type of  lymphoma.  

An impor tan t  issue in the in t roduct ion of  new drugs in 
the t reatment  of  low-grade lymphomas  is toxicity. Most  of  
these patients have no disease symptoms and have a good 
quali ty of  life. The side-effects seen in this study, in which 
mi toxant rone  was given in a 3-day schedule, were mini-  
mal. Although hematologic  toxicity,  and especial ly leuko- 
penia,  was dose-l imit ing,  all patients were t reated as out- 
pat ients  and no sept icemia was seen. Cumulat ive  toxici ty 
was noted,  but  therapy could usual ly be given with only a 
modera te  reduct ion of  the initial  dose. It is possible  that 
cumulat ive toxici ty might be a p rob lem if t rea tment  had to 
be given over longer per iods  of  time. Card iac  toxici ty has 
been descr ibed in patients receiving mi toxant rone  [8], but  
this was not  observed in our study, in which the cumula-  
tive dose did  not  exceed 165 m g / m  2. 

We conclude that  mi toxant rone  is a promis ing  new 
drug for the t reatment  of  low-grade mal ignant  lymphoma.  
A further evaluat ion in combina t ion  chemotherapy  regi- 
mens is necessary, not  only in low-grade but  also in more 
aggressive lymphomas.  

References 

1. Coltman CA Jr, Coltman TM, Balcerzak SP, Morrison FS, 
Von Hoff DD (1984) Mitoxanthrone in refractory non-Hodg- 
kin's lymphoma: a Southwest Oncology Group Study. Semin 
Oncol 11 [Suppl 1]: 50-53 

2. Ezdinli EZ, Anderson JR, Melvin F, Glick JH, Davis TE, 
O'Connell MJ (1985) Moderate versus aggressive chemo- 
therapy of nodular poorly differentiated lymphoma. ,i Clin 
Oncol 3:769-775 

3. Gallagher C J, Gregory WM, Jones AE, Stansfeld AG, Rich- 
ards MA, Dhaliwal HS, Malpas .IS, Lister TA (1986) Follicular 
lymphoma. Prognostic factors for response and survival. J 
Clin Oncol 4: 1470-1480 

4. Gams RA, Keller ,IW, Golomb HM, Steinberg J, Dukart G 
(1983) Mitoxanthrone in malignant lymphomas. Cancer Treat 
Rev 10 [Suppl B]: 69-72 

5. Gams RA, Steinberg ,i, Posner L (1984) Mitoxantrone in ma- 
lignant lymphoma. Semin Oncol 11 [Suppl 1]: 47-49 

6. Jones SE, Fuks Z, Bull M, Kadin ME, Dorfman RF, Kaplan 
HS, Rosenberg SA, Kim H (1973) Non-Hodgkin lymphoma 
IV. Clinicopathologic correlation in 405 cases. Cancer 31: 
806-823 

7. Peterson BA, Frizzera G, Anderson JR, Bloomfield CD, Pa- 
jak TF, Gottlieb A,I, Holland ,IF (1985) Response of low 
grade lymphomas to cyclophosphamide (CTX) or cyclo- 
phosphamide, adriamycin, vincristine, prednisone, and belo- 
mycin (CAVPB). Proc ASCO 4:C-822 

8. Smith IE (1983) Mitoxantrone (Novantrone): a review of ex- 
perimental and early clinical studies. Cancer Treat Rev 10: 
103-115 

9. Valdivieso M, Bedikian AY, Burgess MA, Savaraj N, ,ieffers 
WB, Bodey GP (1981) Phase I clinical study of dihydroxyan- 
thracenedione administered on a 5-day IV schedule. Cancer 
Treat Rep 65:841-844 

10. Van Echo DA, Whitacre MY, Aisner J, Wiernik PH (1981) 
Phase I trial of dihydroxyanthracenedione. Cancer Treat Rep 
65:831-834 

11. Von Hoff DD, Pollard E, Kuhn ,i, Murray E, Coltman CA Jr 
(1980) Phase I clinical investigation of 1,4-dihydroxy- 
5,8-bis[(2-(2-hydroxyethyl)amino]ethyl)amino)-9, I 0-anthrace- 
nedione dihydroxychloride (NSC 301739), a new anthracene- 
dione. Cancer Res 40:1516-1518 

12. World Health Organization (1979) Handbook for reporting 
results of cancer treatment. WHO, Geneva (WHO offset pu- 
blication no. 48) 

Received July 7, 1987/Accepted January 20, 1988 


