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Summary. During a 3-year period 39 evaluable patients with 
stage III and IV non-Hodgkin's lymphomas and unfavorable 
histologies were treated with a unique chemotherapeutic regimen 
based on a modified CHOP combination to which was added 
the nitrosourea, CCNU. Complete response was observed in six 
of 15 (40%) patients "with diffuse poorly differentiated lym- 
phocytic lymphoma (DPDL), four of 11 (36%) with diffuse 
mixed histiocytic lymphocytic (DML), and seven of 13 (54%) 
with diffuse histiocytic lymphoma (DHL). Of the 17 patients 
who achieved complete response, nine (53%) have remained 
continuously disease-free for > 2.5 years (2.7-4.1 years) from 
the onset of therapy: four of six with DPDL, two of four with 
DML, and three of seven with DHL. Median survival was 18.9 
months for all patients, 18.9 months for those with D P D L, 17. 4 
months for those with DML, and 9. 7 months for those with 
DHL. The median survival has not been reached for patients 
who attained a complete response, and will exceed 3.3 years. 
Central nervous system relapse was observed in three patients. 
In general, toxicity was moderate and consisted primarily of 
leukopenia, nausea, vomiting, and neurotoxicity. There were no 
drug-related deaths. The addition of CCNU to a modified 
CHOP combination resulted in an effective, generally well- 
tolerated out-patient regimen. However, it did not appear to 
decrease the rate of CNS relapse or improve current treatment 
results observed with other adriamycin-containing regimens for 
similar patients. 

Introduction 

The nitrosoureas are alkylating agents and have been found to 
have antitumor activity in a number of malignancies, including 
lung cancer, colon cancer, multiple myeloma, and lymphoma 
[2]. Early clinical trims demonstrated single-agent activity of 
the nitrosoureas (18%-28%)  in the treatment of non-Hodg- 
kin's lymphomas without any appreciable differences between 
CCNU [1,(2-chloroethyl)-3-cycloethyl-l-nitr0sourea], BCNU 
[1,3-bis(2-chloroethyl)-2-nitrosourea], and methyl-CCNU 
[1-(2-chloroethyl)-3-(4-methylcyclohexyl)-l-nitrosourea] [15]. 
In the treatment of Hodgkin's disease, however, CCNU was 
significantly superior to BCNU and methyl-CCNU [15]. These 
data led to the development of an effective alternative 
treatment program for advanced Hodgkin's disease, in which 
CCNU was substituted for nitrogen mustard in the MOPP 
regimen [3]. 
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Because of their lipid solubility, the nitrosoureas have 
undergone extensive evaluation in patients with primary brain 
tumors [15]; concentrations of CCNU in the cerebrospinal 
fluid approximated 50% of serum levels following oral doses of 
30-100 mg/m ~ in man [6, 14]. In early 1976, Bunn et al. 
reported the propensity for central nervous system involve- 
ment by non-Hodgkin's lymphomas primarily of the diffuse 
histiocytic and undifferentiated types [1]. Administration of 
CCNU as a single dose at the initiation of cyclophosphamide 
treatment for Burkitt's lymphoma was found to significantly 
delay the onset of meningeal metastases [12]. 

These data suggested the addition of CCNU to a multidrug 
chemotherapeutic regimen for the treatment of advanced, 
unfavorable histologic varieties of non-Hodgkin's lymphomas. 
A unique five-drug regimen was designed, in which CCNU was 
added to the highly active combination of McKelvey et al. [13], 
which consisted of cyclophosphamide, adriamycin, vincristine, 
and prednisone. 

Materials and methods 

Subjects. During the period from September 1976 to October 
1979 a prospective therapeutic trial was conducted in 54 
patients with stage III  and IV (Ann Arbor system) histolog- 
ically unfavorable non-Hodgkin's lymphomas. Unfavorable 
histological types (Rappaport classification) included the 
following: diffuse poorly differentiated lymphocytic lymphoma 
(DPDL), diffuse mixed histiocytic lymphocytic lymphoma 
(DML), and diffuse histocytic lymphoma (DHL). Additional 
entry requirements included a leukocyte count of 4,000/mm 3 or 
greater, platelet count of 100,000/ram 3 or greater, presence of 
measurable disease to be used as an indicator of response, and 
written informed consent. Patients were excluded from study if 
there was a history of prior exposure to CCNU or adriamycin, 
but could have received cyclophosphamide, vincristine, pred- 
nisone, or other chemotherapeutic agents. There were 39 
patients evaluable for analysis. Of the 15 inevaluable patients, 
six were found to have nodular lymphomas, two never received 
CCNU, and two had diagnoses other than lymphoma. The 
following factors excluded one patient each: improper stage 
(stage II),  prior adriamycin, no measurable disease, suicide 
after one course, and refusal of treatment. 

Pretreatment patient characteristics are given in Table 1. 
Prior chemotherapy (per number of patients) included the 
following: cyclophosphamide (5), vincristine (7), prednisone 
(6), nitrogen mustard (2), procarbazine (1), streptonigrin (1), 
and chlorambucil (1). Of the eight patients who had received 
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prior chemotherapy, one had received prednisone without 
other agents. 

Performance status was defined as follows: 0, fully active 
without symptoms; 1, ambulatory with symptoms; 2, bedrid- 
den < 50% of the time; 3, bedridden > 50% of the time but 
capable of self-care; 4, bedridden 100% of the time and 
incapable of self-care. 

Table 1. Patient characteristics 

Number Percentage (%) 

No. of patients 39 (100) 
Median age (range) 61 (16-72) 
No. of patients > 50 years 30 (77) 
Race (white) 33 (85) 
Sex (male) 21 (54) 
Performance status 

0 10 (26) 
1 22 (56) 
2 6 (15) 
3 1 (3) 

Stage 
III 16 (41) 
IV 23 (59) 

Symptoms a 
A 23 (59) 
B 16 (41) 

Prior chemotherapy 8 (21) 
Prior irradiation 9 (23) 
Histology 

DPDL 15 (39) 
DML 11 (28) 
DHL 13 (33) 

a A, no symptoms; B, symptoms, including night sweats or fever, or 
reduction of > 10% in body weight 

Treatment design. Chemotherapy consisted of cyclophospham- 
ide, 500 mg/m 2, IV, on day 1; adriamycin, 30 mg/m 2, IV, on 
day 1; vincristine, 1 mg/m 2, IV, on day 1; and prednisone, 40 
mg/m 2, PO, on days 1 through 5. Treatment cycles were 
repeated every 3 weeks. Additionally CCNU, 50 mg/m 2, PO, 
was given on day 1 of every other treatment cycle (i.e., every 6 
weeks). Dosage was modified according to pretreatment white 
blood cells and platelet counts. Maintenance chemotherapy 
consisting of cyclophosphamide, 500 mg/m 2, IV, every 3 weeks 
and CCNU, 80 mg/m 2, PO, every 6 weeks was given after a 
cumulative adriamycin dosage of 450 mg/m 2 to patients in 
complete or partial remission, and was continued for a 
maximum of 2 years. Early in the trial 13 patients were 
randomized to receive intradermal injections of MER, the 
methanol extraction residue of BCG. Because of lack of 
enthusiasm for the use of MER,  perhaps owing to its cutaneous 
toxicity [9], the randomization was stopped in August 1978 and 
the trial was continued as a single-arm study. No significant 
differences in response or survival were noted between 
patients who received MER compared with those who did not 
between September 1976 and August 1978, and they were 
therefore included in the overall analysis of this study. 

Evaluation of response. A complete response (CR) was a 100% 
reduction of all demonstrable tumor and no new area of 
malignancy. Verification Of CR in patients with a previously 
positive bone marrow required a repeat bone marrow 
examination. A partial response (PR) was indicated by a 50% 
or greater reduction of the product of the longest perpendic- 
ular diameters of indicator lesions since first measured and no 
new area of malignancy. Repeat  scans or bone marrow 
examination were not required in patients attaining a PR on 
the basis of physical examination or a simple test such as chest 
X-ray. Duration of response was calculated from the day an 
objective response was first noted. 

Histology Complete response (CR) Partial response (PR) 

No. (%) No. (%) 

CR + PR Progression 

No. (%) No. (%) 

All types (n = 39) 17 (44) 14 (36) 
DPDL (n = 15) 6 (40) 5 (33) 
DML (n = 11) 4 (36) 6 (55) 
DHL (n = 13) 7 (54) 3 (23) 

31 (79) 8 (21) 
11 (73) 4 (27) 
10 (91) 1 (9) 
10 (77) 3 (23) 

Table 3. Duration of response and survival a 

Histology Complete response Partial response 

Duration Survival Duration Survival 

Progression All patients 
(survival) (survival) 

All types > 23.8 > 39.9 4.0 15.8 3.3 18.9 
(n = 39) (2.2-43.3) (3.0-51.9) (1.1-43.4+) (5.8-70.3+) (0.1-52.2) (0.1-70.3+) 

DPDL > 24.2 > 33.9 15.6 28.1 3.3 18.9 
(n = 15) (12.4-44.0+) (16.4-48.0+) (1.2-30.1) (9.7-70.3+) (0.1-12.1) (0.1-70.3+) 

DML > 14.6 > 45.8 4.6 21.4 _b 17.4 
(n = 11) (2.2-22.7+) (3.0-47.1+) (2.7-43.4+) (5.8-46.8+) (3.0-52.2) 

DHL > 36.3 > 43.9 1.4 7.1 1.8 9.7 
(n = 13) (4.0-43.3) (7.7-51.9) (1.1-4.4) (6.0-12.8) (1.8-4.7) (1.8-51.9) 

a Median duration of response and survival in months (range) 
b Only one patient with DML failed to respond to the treatment regimen (survival = 52.2 months) 



Results 

Response and survival 

Objective responses (CR + PR) were observed in 79% of the 
patients (Table 2). Complete responses occurred in 40% of 
patients with DPDL, 36% of patients with DML, and 54% of 
patients with DHL, giving an overall CR rate of 44%. 

The median duration of CR for the overall group has not 
been reached (Table 3) and wil] exceed 23.8 months, varying 
from 14.6+ months for DML through 24.2+ months for 
DPDL to 36.3+ months for DHL. The median duration of PR 
for the overall group of patients was 4.0 months, and varied 
from 1.4 months for DHL to 15.6 months for DPDL. Of the 
eight patients who had received prior chemotherapy, five 
achieved an objective response, including two CRs (duration, 
37.1+ and 44.0+ months). 

The median survival for the entire group of patients was 
18.9 months (Table 3). Survivorship was directly dependent 
upon the degree of responsiveness to the treatment regimen 
(Table 3 and Fig. 1). The median survival in patients whose 
maximal response was progressive disease (PD), PR, and CR 
was 3.3, 15.8, and > 39.9 months, respectively (P < 0.0001; 
Breslow-Wilcoxon). Of the 17 patients who attained CR, five 
have died of progressive disease; one patient died of a second 
malignancy with no evidence of lymphoma at autopsy. All the 
patients without an objective response and all but three of the 
14 patients with PR have died. The median survival of  patients 
achieving CR has not been reached and will exceed 33.9, 45.8, 
and 43.9 months for patients with DPDL, DML, and DHL, 
respectively. Progression-free survival is depicted in Fig. 2. 

Of the 17 patients who attained CR (Table 4), nine (53%) 
remain disease-free: four of six with DPDL; two of four with 
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DML; and three of seven with DHL. With respect to the total 
number of patients, nine of 39 (23%) remain disease-free: four 
of 15 (27%) with DPDL; two of 11 (18%) with DML, and four 
of 13 (31%) with DHL. Maintenance therapy was given to 10 
patients (7 CR, 3 PR) for one to 18 courses (median 9); of these 
patients six remain disease-free. 

The CNS (meningeal lymphoma) was the initial site of 
relapse in three patients with CR (1 with DHL and 2 with 
DPDL),  one of whom had concomitant relapse in the skin 
(Table 4). Relapse was not observed in the central nervous 
system of patients whose maximal response was PR. 

In an attempt to identify certain factors that might be 
associated with the ability to attain CR, the strength of 
association between pretreatment characteristics (Table 1) and 
CR was tested independently. Performance status appears to 
be the only significant variable. All  the 17 patients who 
attained CR had a performance status of 0 - 1 ,  whereas only 15 
of 22 patients (68%) failing to achieve CR had this level of 
performance (P -- 0.01; Fisher's exact test). A stepwise logistic 
regression model was then used to determine which variables 
jointly were significantly associated with CR. Only perfor- 
mance status was found to be significantly associated with CR 
at the 0.1 level. No other variables (of the ones listed in 
Table 1), adjusted for performance status, were significantly 
associated with CR. Additionally, increased myelosuppression 
(moderately severe to severe) was not associated with an 
increased likelihood of complete response. 

Toxicity 

In general, toxicity was moderate.  Hematologic toxicity of a 
severe or moderately severe degree was observed in 10 patients 
(26%), and consisted primarily in transient leukopenia (Ta- 
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Fig. 1. Survival of patients with advanced histologically unfavorable 
non-Hodgkin's lymphomas following treatment with CCNU, cyclo- 
phosphamide, adriamycin, vincristine, and prednisone. Median sur- 
vival times from the onset of therapy according to maximal response 
are > 39.9 months for complete response (O O), 15.8 months 
for partial response (O. O), and 3.3 months for progression 
(~, ~); P < 0.0001 (Breslow-Wilcoxon) 
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Fig, 2. Progression-free survival of patients with advanced histolog- 
ically unfavorable non-Hodgkin's lymphomas following treatment with 
CCNU, cyclophosphamide, adriamycin, vincristine, and prednisone. 
Median times to progression from the onset of therapy according to 
maximal response are >35.0 months for complete response 
(0 0), 5.3 months for partial response (Q O), and 1.8 
months for progression (A A); P < 0.0001 (Breslow-Wilcoxon) 



194 

Table 4. CharacteristicS, duration of response, and survival of patients with a complete response 

Patient Age Sex Histology Initial disease sites Duration of Sites of relapse Survival 
(years) response (months) 

(months) 

J .G.  67 M DPDL Skin, nasopharynx, CSF 12.4 CSF, skin 18.9 
N.H.  55 F DPDL Nodes 13.2 CSF 16.4 
R.C.  71 F DPDL Nodes 23.8 + - 35.4 + 
C.S.  45 M DPDL Nodes 24.6 + - 39.9 + 
T.F.  22 M DPDL Nodes 30.2 + - 32.4 + 
P.P. 61 F DPDL Nodes, spleen, marrow 44.0 + - 48.0 + 
L. S. a 62 F DML Nodes 2.2 - 3.0 
R.F .  58 F DML Nodes 6.5 Nodes 47.1 + 
S.B. 60 F DML Nodes, marrow, skin, rectum, 22.7 + - 44.6 + 

false vocal cord 
B.J .  63 F DML Nodes 40.4 + - 46.9 + 
J .B.  71 F DHL Nodes, colon, ileum, liver, marrow 4.0 CSF 7.7 
K.K. 16 F DHL Nodes, breast, pleural effusion, 5.1 Nodes, breast 9.7 

ascites 
W.H.  70 M DHL Nodes, pleural effusion, lung, 14.0 Nodes, pleural 45.5 + 

subcutaneous mass effusion, lung 
L.B.  61 M DHL Nodes 36.3 + - 48.6 + 
E.K.  61 M DHL Nodes 37.1 + - 38.9 + 
E.N.  54 M DHL Nodes, stomach 40.4 + - 43.9 + 
R.C.  63 F DHL Nodes 43.3 Nodes 51.9 

a Patient died of a second malignancy (carcinoma of the gallbladder) with no evidence of lymphoma at autopsy 

Table 5. Maximum hematologic toxicity 

WBC Platelets Hemoglobin 

x 103/mm 3 No. of patients (%) 103/mm 3 No. of patients (%) g% No. of patients (%) 

>4,000 5 (13) >150 20 (51) > 1 2  12 (31) 
3,000-4,000 12 (32) 100-150 11 (28) 10-12 15 (38) 
2,000-3,000 11 (28) 50-100 4 (10) 9-10 4 (10) 
1,000-2,000 10 (26) 20-50 2 (5) 7 - 9  8 (21) 
<1,000 1 (3) <20  2 (5) < 7  0 (0) 

ble 5). There  were four patients in whom leukopenia-rela ted 
sepsis occurred,  but  none died. Thrombocytopenia  
< 50,000/ram 3 occurred in two patients,  both of whom were 
given platelet  transfusions and both of whom had bone marrow 
involvement  with lymphoma.  

Nonhemato log ic  toxicity consisted primarily of effects on 
the gastrointestinal and neurologic systems. Nausea and 
vomit ing were  repor ted  in 18 patients (46%). Neurotoxici ty  
was observed in 18 patients (46%) and was less than grade 3 in 
all but one patient ,  who developed foot-drop. Mucositis was 
repor ted  in four patients (10%). Cardiotoxicity was not  
observed and there  were  no drug-related deaths. 

Discuss ion  

The  rate of  complete  response (44%) in the current  trial is 
within the range of  previously repor ted  complete  response 
rates ( 3 9 % - 8 1 % )  in patients with advanced unfavorable 
histologic types of  non-Hodgkin ' s  lymphomas treated with a 
variety of  mult idrug adriamycin-containing chemotherapeut ic  
regimens [5]. Many of these responses in this trial have been 
durable.  Nine of  the 10 patients who were in complete  
remission for more  than 2.5 years remain disease-free with a 

median  follow-up of  3.7 years. Al though differences in 
follow-up t ime make  comparison difficult, these data do not 
represent  an improvement  in most of  the previously repor ted  
mult idrug programs,  and in some cases suggest that this 
combinat ion is not  as effective as those used earlier [5]. 

The  C H O P  program (cyclophosphamide,  adriamycin, 
vincristine, and prednisone) repor ted  by McKelvey et al. 
resulted in C R  rates of 68%, 87%, and 62% in stage III  and IV 
D P D L ,  D M L ,  and D H L ,  respectively [13]. Perhaps the lower 
C R  rate in the current  trial than in McKelvey 's  investigation is 
connected with the reduced dose levels of both cyclophos- 
phamide  and adriamycin, which were instituted to compensate  
for the additive myelosuppression expected with the addition 
of C C N U .  However ,  the data of  Elias et al., who treated 
patients with D H L  with C H O P ,  appear  somewhat  similar to 
our  own despite use of  the same doses and schedule as were  
used by McKelvey  et al.; the C R  rate was 39% and 
approximately  30% of the patients were disease-free at 
2 years [4]. Therefore ,  factors o ther  than drug dosage, such as 
pat ient  selection, might explain the differences among these 
studies. 

During the current  trial CNS relapse occurred in three 
patients (7.7%),  one of  whom had bone marrow involvement  
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at diagnosis; this was the primary site of relapse in two 
patients. Involvement of the CNS in the non-Hodgkin's 
lymphomas has been reported to occur in 5 % - 2 9 %  of the 
diffuse histologic varieties either at diagnosis or some time 
during the course of the disease [5, 7, 11, 16]. Although one 
cannot make a conclusive statement without a randomized 
trial, the addition of CCNU in the current trial does not appear 
to have appreciably reduced the incidence of lymphomatous 
involvement of the CNS. Similarly, CCNU was not effective in 
reducing the frequency of relapse in the CNS of patients with 
acute lymphoblastic leukemia [10] or small cell carcinoma of 
the lung [8]. 

In summary, the addition of the nitrosourea CCNU to a 
combination of cyclophosphamide, adriamycin, vincristine, 
and prednisone resulted in an effective well-tolerated out-pa- 
tient regimen for the treatment of advanced non-Hodgkin's 
lymphomas of the unfavorable histological type. However, this 
unique combination appeared to be no more efficacious than 
other previously reported four- or five-drug regimens con- 
taining adriamycin. Also, the addition of this agent, which is 
known to penetrate the blood-brain barrier, did not appear to 
reduce the expected incidence of meningeal disease. 
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