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A combination of intravenous cyclophosphamide and vincristine (Oncovin) 

and oral prednisone (COP) was given every 2 weeks to 262 patients with dis- 

seminated Hodgkin's disease, lymphosarcoma, reticulum cell sarcoma, a n d  

follicular lymphoma. A complete remission was produced in 36% of patients 

with Hodgkin's disease, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA50% of patients with lymphosarcoma, and 39% of pa- 
tients with reticulum cell sarcoma. These remission rates are  significantly su- 

perior to  those produced by single agents. Patients who achieved a complete 

remission were randomly allocated to monthly COP (maintained remission) or 

to  no treatment (unmaintained remission). T h e  median duration zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAof main- 

tained remission was longer than unmaintained remission for Hodgkin's disease 

(42 weeks vs. 19 weeks) and lymphosarcoma (49 weeks vs. 21 weeks) b u t  not 

for reticulum cell sarcoma (24 weeks vs. 25 weeks). T h e  duration of remission 

for patients with little or no prior therapy was compared to that for patients 

i n  a similar study in  which single agents were used.4 For lymphosarcoma and  

reticulum cell sarcoma, remissions maintained with COP were longer than re- 

missions maintained with cyclophosphamide. For Hodgkin's disease and  lym- 

phosarcoma, unmaintained remissions after COP induction were longejr than 

af ter  single agent induction. All parameters of response, that  is, complete re- 

mission rate, duration of remission, and survival were adversely affected b y  

major prior treatment with radiotherapy and chemotherapy. T h e  initial re- 

sponse to treatment correlated positively with survival. The survival of patients 

with lymphosarcoma or reticulum cell sarcoma receiving C O P  treatment was 

significantly superior to a comparable group of patients treated sequentially 

with single agents. 

INGLE CHEhlOTHERAPEUTIC AGENTS PRODUCE S tumor regression in 50 to 70% of patients 
with malignant lymphoma; however, only 10 
to 20% of patients achieve a complete remis- 
sion.4~20 If treatment is stopped after complete 
remission is achieved, the median time to re- 
lapse is zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA12 weeks. If treatment is continued 
during complete remission the remission lasts 
from 15 to 54 weeks.4 It is not known whether 
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chemotherapy prolongs survival in patients 
with lymphoma. 

Chemotherapeutic agents with qualitatively 
different types of dose-limiting toxicity may 
often be given simutlaneously at  the same 
closes tolerated when the drugs are used alone. 
This rationale for combination chemotherapy 
has proved successful in the treatment of pa- 
tients with acute leukemia,* various solid tu- 
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mors of childhood,29 multiple myeloma,l and 
malignant lymphoma."~7~15J7 Preliminary stud- 

ies performed by the Southwest Cancer Chemo- 
therapy Study Group (SWCCSG) using a com- 
bination of cyclophospliamide (Cytoxan, Mead 
Johnson) vincristine (Oncovin, Eli Lilly), and 
prednisone (COP) demonstrated that these 
drugs can be given together at the same maxi- 
mum doses tolerated when each is given alone. 

Experimental and clinical trials indicate 
that for most rapidly growing tumors, inter- 

mittent drug treatment is superior to continu- 
ous daily drug adrnini~i.ration.2,14,18,25,~G There- 
foie, in this study, COP was given as pulse 
treatment at 2-week intervals in patients with 
Hodgkin's disease, lyniphosarcoma, and retic- 
ulum cell sarcoma. 

'The objectives of this clinical trial were as 
follows: 

I .  To determine whether COP treatment 
coiild increase the response rate, particularly 
the complete remission rate, over that re- 
ported in the literature for single agents. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

'2. T o  compare the durations of complete 
remission in patients maintained on COP 
treatment with those not maintained on treat- 
men t. 

3. To compare the durations of complete 
remission in patients maintained on COP 
treatment with those maintained by single 

agents. 
4. To compare the durations of unmain- 

tamed complete remission in patients whose 
remissions were induced by COP treatment 
with those whose remissions were induced by 
sirigle agents. 

5. T o  compare survival of patients treated 
with COP to that of patients treated sequen- 
tially with single agents. 

MATERIAL .4ND METHODS 

Patients with disseminated histologically 
verified Hodgkin's disease, lymphosarcoma, 
and reticulum cell sarcoma were selected for 
treatment. Patients with a blood urea nitro- 
gen level greater than 25 mg/100 ml or with a 
life expectancy estimated at less than one 
month were excluded. Prior radiotherapy or 
chemotherapy, including treatment with one 
or more of the drugs used in this study, did 
not exclude patients. Major prior chemother- 
apy was defined as zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAat  least 6 weeks of treat- 
ment with an alkylating agent or a periwinkle 
a1 kaloid (vincristine or  vinblastine). Major 
prior radiotherapy consisted of greater than 

2,500 rads to the mediastinum, abdomen 
and/or pelvis. 

Patients were divided into two groups ac- 
cording to bone marrow reserve: adequate 
bone marrow reserve or partially impaired 
bone marrow reserve. Patients with adequate 
bone marrow reserve had white blood cell 

counts of 5,00O/mm3 or greater, and platelet 
counts of 150,00O/mm3 or greater, were less 
than 65 years of age, and had no history of 
previous mediastinal, abdominal, or pelvic ra- 

diotherapy. Patients with a partially impaired 
bone marrow reserve had one or more of the 
following: persistent white blood cell count 
between 3,000 and 5,00O/mm3 or platelet 
count between 100,000 and 1 50,000/mm3, his- 
tory of previous mediastinal, abdominal, or 
pelvic radiotherapy; were 65 years of age or 
older; or had a hypocellular marrow or mar- 

row infiltrated with lymphoma cells. Patients 
with severely compromised bone marrow re- 
serve such as those with persistent white blood 
cell counts of less than 3,000/mm3, or platelet 
counts of less than lOO,OOO/mm~, were ex- 
cluded from the study. 

Each course of treatment consisted of a sin- 

gle intravenous injection of cyclophosphamide 
and vincristine on day 1 and of prednisone by 
mouth on days 1 through 5 followed by 3 days 
of decreasing doses. Courses were administered 
every 2 weeks. A schematic outline of the pro- 
tocol is presented in Fig. 1. 

T h e  initial doses of drugs for patients with 
adequate bone marrow reserve were: cyclo- 
phosphamide, 800 mg/m2, vincristine, 2 mg 
total dose; and prednisone, 60 mg/m2 daily 
for 5 days followed by 3 days of decreasing 
doses (usually 40, 20, and 10 mg/day, respec- 
tively). Patients with moderately impaired 
bone marrow reserve received 400 mg/m2 of 
cyclophosphamide with the same doses of vin- 
cristine and prednisone. Patients 65 years of 

age or older received a maximum of 1 mg of 
vincristine per course of treatment. T h e  dos- 
age of cyclophosphamide was increased or de- 
creased with each course to produce minimal 
to moderate myelosuppression. T h e  dosages of 
vincristine and prednisone were lowered if 
more than moderate toxicity developed. 

Treatment designed to produce a complete 

remission (remission induction treatment) 
consisted of 6 courses of COP at 14-day inter- 
vals. When complete remission was achieved, 
4 additional courses were given at 14-day in- 
tervals. Complete remission was defined as the 
absence of any clinical evidence of disease. Pa- 
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Cyclophosphamide, 800 inp/in2 I\.  
Vincristine, 2 mg total dose I\; 

Prednisorie, 60 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAmp/m2 PO 
day one only 

daily times zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5 then taper 3 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAdays zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Pnrfinlly iriipnired hone ?iiarrow reserice 

Cyclophosphainide, 400 niq/tn* I\' 
day one only 

\'incrktine and 
predriisone as above 

Coniplete Reinision /' (.<ee below) 

Partial remission: tre;ltnient 
con tin ued un ti1 
complete remission 
or relapse 

No response- 
off stridy 

---+ 6 coiirses a t  

interv:ils zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
J 

Rettiissioiz Xnaintenatzce Phase 
(for coniplete remission) 

4 consolidation courses 
after complete remis5ion 1- rtandon1ize 

Maintenniicc. 
'Treatment Xvith 
COP a t  28-day interval.; \ iintil relapse 

No maintenance. 
I f  relapse occurred 
reinduce with COP zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAN 

FIG. 1. Outline of stridy. 

tients in complete remission after 10 courses 
of treatment were randomly allocated to ei- 
ther no further treatment (unmaintained re- 
mission) or continued treatment with ,COP ad- 
ministered at 4-week intervals (maintained 
remission). Relapse was defined as unequivocal 

evidence of recurrent tumor. Patients who re- 
lapsed during unmaintained remission re- 
ceived reinduction treatment with COP. Pa- 
tients who attained a partial remission 
(greater than 50% reduction in the product of 
2 diameters of all tumors but less than com- 
plete disappearance of tumors) were con tin- 
ued on COP treatment until complete remis- 
sion or relapse occurred. If complete remission 
occurred, 4 additional courses were given and 
the patient was randomly allocated to mainte- 

nance therapy or to no maintenance therapy. 
Patients who did not respond to remission in- 
duction treatment were removed from the 
study. 

STATISTICAL METHODS 

The  statistical methods used included: chi- 
square tests for testing differences in remission 

* The  number zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAof patients analyzed by institution 
was: Baylor College of Medicine, 8; Cleveland Clinic, 
10; Henry Ford Hospital, 60; Louisiana State Univer- 
sity School of Medicine, 3; Northwestern University 
School of Medicine, 28; Ohio State University School of 
Medicine, 55; Scott and White Clinic, 16; Tulane Uni- 
versity School zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAof Medicine, 10; University of Arkansas 
School of Medicine, 10; University of Texas M. D. An- 
derson Hospital and Tumor Intitute, 47; Wilford Hall 
USAF Medical Center, 15. 

rates, a generalized Wilcoxon test12 to test dif- 
ferences between remission or survival curves, 
and remission and survival curves calculated 
according to the method of Kaplan and 
Meier.16 For significance tests, when the prob- 
ability of the observed difference in response 
rates, survival curves, etc., was less than .05 or 
less than .01, the evidence against the null hy- 
pothesis was interpreted as significant or 
highly significant, respectively. 

DESCRIPTION OF PATIENT SAMPLE 

A total of 287 patients with malignant lym- 
phoma who qualified for the study was en- 
tered between June 7,1966 and April 28, 1968. 
Sixteen (6%) of the 287 cases were not used 

because of major deviations from the protocol, 
and 9 (3%) were not included for other rea- 
sons. Therefore, 262 (91%) patients were con- 
sidered valid for analysis; these were entered 
from 11 institutions" in the SWCCSG. T h e  
number of patients by disease was: Hodgkin's 
disease 107, lymphosarcoma 74, reticulum cell 
sarcoma 66, and follicular lymphoma 15. Be- 
cause of the small number entered, patients 
with follicular lymphoma are excluded from 
the remainder of the analysis. The  age, sex, 
and stage of disease of patients in this study 
are shown in Table 1. 

The ALB-EST study4 is used as a single- 
drug control for this stud . In  that study, re- 

phamide or a vinca alkaloid (vinblastine for 
missions were induced wi Y h either cyclophos- 
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TABLE 1. Distribution of Patients by Disease Category* and Factors Which May Influence Response, Length of 
Remission. and Survival 

Pretreat men t factors 
Hodgkin‘s Lympho- Ret. cell 

disease sarcoma sarcoma zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA-- 
No.+ Percentt No. Percent No. Per cent 

Total Patients 107 (100’) 74 66 

Sex 
hIale 

Female 

Stage 
III-No symptonii 

IV-No symptoms 

With symptoms 

With symptoms 

Prior Treattnent 

Radiotherapy Chemotherapy 
None or minor None or minor 38 (36) 35 (47) 40 (61) 
Ma.or None zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAor minor 24 (22) 16 (22) 17 (26) 
Norie or minor Major 21 (20) 15 (20) 3 (4) 
Major Rlajor 24 (22) 8 (11) 6 (9) 

Bone Marri17~~ Reserue 
.Idequate 

Partially impaired 

* Excluding 15 patients with follicular lymphoma. 
t Number in parentheses is percentage of patients. When numbers in a category do not add to total, status was 

unknown for remaining patients. Percentages were calculated using total patients with known status as a base. 

Hodgkin‘s disease and vincristine for lympho- 
sarcoma and reticulum cell sarcoma). Patients 
w l~o  achieved complete remission were ran- 
domly allocated to either maintenance treat- 
mcnt with cyclophospharnide or no mainte- 
nance treatment. 

All patients in the ALB-EST study had 
Stage I11 or IV disease. However, patients hav- 
ing received major prior chemotherapy or 
those with moderately impaired bone marrow 
reserve (as defined in this study) were ex- 
cluded from their study. Thus, in terms of 
prior treatment and bone marrow reserve, two 
m,ijor prognostic determinants, our patients 
in the none or minor prior treatment category 
are comparable to the ALB-EST patients. The  
percentage of males in the ALB-EST study 
with Hodgkin’s disease, I ymphosarcoma, and 
reticulum cell sarcoma, were, respectively, 68%, 
66y0, and 68y0. I n  the same order, the per- 
centages of patients below age 30 in the ALB- 
EST study were 38%, 1176, and 8%. All these 
figures are similar to those given in Table 1 
for our study. Hence, when adjustment is 

made for prior therapy, it is concluded that 

the patients in the ALB-EST study constitute 
an adequate literature control group for the 
patients in this study. 

RESULTS 
Remission Induction 

The  response to remission induction treat- 
ment with COP in this study compared to sin- 
gle drug treatment and other drug combina- 
tions is presented in Table 2. In  this study, 
36% of patients with Hodgkin’s disease, 50% 
with lymphosarcoma, and 39% with reticulum 
cell sarcoma achieved complete remission. 

In  comparative studies, cyclophosphamide 

was found to be as effective as other alkylating 
agents in producing remissions in patients 
with Hodgkin’s disease.13JO~27 In  the ALB-EST 
study,4 53% of patients who received cyclo- 

phosphamide had at least partial remission, 
but only 14y0 had complete remission. In  a 
collected series20 of patients treated with cyclo- 
phosphamide, the partial plus complete and 
the complete objective remission rates were 
essentially the same as those in the ALB-EST 
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TABLE 2. Remission Rate by Disease Catezory in This Study and Others Reported in the Literature 

Treat men t 

Hodgkiii’s disease Lyrnphosarcoma Ret. cell sarcoma 

No. of Rem. Rate No. of Rern. Rate No. of Rem. Rate 
Pa- ( % I  pa- (%) pa- (%) 

tients Totals CRn tients Totals CR’l tients Totali CRn Reference 

Single zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAAgents 

Cyclophosphamide 

Collected Series 

ALB-EST* 

Vi nblnsti ne 

Vincristine 

ALB-EST 

ALB-EST 

Coiribinafion Cheiiiotherczpy 

COP (Ctx, Vcr, Pred) 

Ctx, I’cr, Pred(.\LB) 

MOPP zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(NN,, Vcr Prrx i rb ,  Pred) 

NCIt 

SJYCCSG: 

86 53 14 56 68 11 33 52 12 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
389 56 11 234 62 20 197 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA57 13 

88 65 20 

47 38 6 32 38 12 

107 77 36 7 1  88 50 66 78 39 

37 95 35 26 69 31 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
43 81 

110 89 72 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

4 
13, 19, 20, 28 

4 

4 

This study 

15 

6 

21 

* Leukemia R-Eastern Solid Tumor Group. 
+ National Cancer Institute. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
f Southwest Cancer Chemotherapy Study Group. * Total remission rate equals complete plus partial remissions. 
n CR = complete remission. 

study.4 Vinblastine and the alkylating agents 
are about equally effective in Hodgkin’s dis- 
ease.4I28 Of patients with Hodgkin’s disease in  
this study, 36y0 hat1 a complete remission with 
COP; this is significantly better than the com- 
plete remission rate for cyclophosphamide or  
vinblastine alone (P < .01 for both compari- 
sons). The  COP treatment, however, resulted 
In a lower percentage of complete remissions 
than that pioducecl by the MOPP program re- 

poi ted in studies conducted by the National 
Cancer Institute6 and by the SWCCSG.21 

The  complete remission rate in the COP 
study for patients with Ipmphosarcoma was 

50Y0, uhich is significantly greater than the 
complete remission rate for cyclophosphamide 
(1 lc’cl) 01 fui vincrictine alone, 6r;t (l’ < .01 

for both comparisons). The  complete remis- 
sion rate after COP treatment was similar to 

that reported by the ALB group for a some- 

what different program15 using a combination 
of the same 3 drugs: cyclophosphamide, vin- 
cristine, and prednisone. 

Patients with reticulum cell sarcoma had a 

complete remission rate of 39y0 which was sig- 
nificantly better than that reported4 2O for cy- 
clopliosphamide (127”) or for vincristine 

alone, 12y0 (P < .O1 for both comparisons). 
Again, the results with COP compared favora- 

bly to those reported by the ALB gr0up15 in 

which their combination resulted in  a 31% 

complete remission rate. 
Because the number of patients in many of 

the treatment and disease categories was  small, 
the resiilts for all 3 disease categories were 
grouped together for the analysis of the rela- 
tionship of major prior radiotherapy and 
chemotherapy to response (Table 3). Major 
prior therapy, particularly with both modali- 

ties, adversely affected response and survival. 
Of the patients in whom a complete remis- 

sion was induced, 2.5% achieved a complete 
remission within 7 weeks from the beginning 
of treatment, 50y0 within 10 weeks, 75Y0 
within 18 weeks, and 95% within 25 weeks. 
The  median time from beginning of treat- 
ment to complete remicsion was approxi- 

mately the same for each disease. 

Duration of Complete Remission 

Patients who achieved complete remission 

received a total of I0 or more courses (at least 
4 courses after achieving complete remission) 
and then were randomly allocated to mainte- 
nance treatment or  to no maintenance treat- 
ment. Duration of complete remission was 
measured from the time of random allocation 
unless otherwise indicated in the text or the 

tables. 
Maintenance us. no maintenance during 
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TABLE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3. Relationship of Prior Treatment t o  Response 
.- - 

Prior treatment* Percent Median length bled inn 
.-__ complete complete survival+ .- ____ 

Chemotherapy Radiotherapy No. of patients remission remission (wks). ( ~ v k s . )  

Xone or minor None or minor 113 50 48 113 

None or minor Mnj.>r 57 39 25 34 

Major None or minor 39 33 20 81 

Major Major 38 26 43 5 5 

* See tevt for dehnitions of prior therapy. 
t Siirvival include all patients, regardless of response. 

remission: Patients with Hodgkin’s disease 
had a 42-week median duration of complete 
remission if maintained on COP treatment 

cornpared lo 19 weeks not maintained (P = 
0.05). Patients with lyniphosarcoma had a me- 
dian duration of 48 weeks if maintained on 
COP treatment compared to 21 weeks for 

non-maintained patients (P = 0.06). Mainte- 
nance treatment did not prolong the duration 
of complete remission in patients with reticu- 
lum cell sarcoma (Table 4). 

In this srudy, 108 p.itients achieved partial 
remission only. All such patients were main- 
tai ned on COP treatment during remission. 
The  median duration of partial remissions 

waj  18 weeks; only 25(7, of these patients had 

remissions which lasted longer than 30 weeks. 
The  median duration o f  maintained complete 

remission for the 3 diseases in this study was 

43 weeks which is significantly longer than the 
maintained partial remissions. 

lhirat ion zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA01 maintained complete remis- 
sior2: T h e  median duration of COP-main- 

’T.inr I.: 4. Duration of Complete Remission 
from Time of Randomization _____ 

Median 
length of 

r)i\e,ise and treatment No. of complete 
during remission patients* remission 

Hodskin’s diiease 

RIaintenance 

No maintenance 

1.yrnphoim-oina 

hl aintenance 

T’!o maintenance 

nl‘tintenance 

No maintenance 

Reticulum cell sarcoma 

31 

11 
20 

32 

17 

15 
19 

11 

8 

20 

42 

19 

37 

48 

21 

24 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
21 
25 

* Patients were randomized to maintenance or no 
maintenance without respect t o  type of disease. This 
explains the excess of patients on maintenance treat- 
merit for Hodgkin’s disease. Overall, 43 patients were 
on no maintenance cornpared with 39 on mainte- 
nance. 

tained complete remission as influenced by 
prior treatment and as compared to single 

agent induction and maintenance treatment is 
presented in Table 5. In  this table, the dura- 

tion of COP remission is measured from the 
time complete remission is achieved in order 

to compare remission duration with single 
agent remission induction. All patients who 
achieved complete remission and received 

maintenance treatment are listed, including 
those patients relapsing prior to randomiza- 
tion or those not randomized to maintenance 
treatment but who nevertheless received mnin- 

tenance treatment for various reasons. In  pa- 
patients who had not received major prior 

treatment the duration of COP-maintained re- 
mission was substantially longer than those 
with major prior treatment in Hodgkin’s dis- 

TABLE 5. Duration of Maintained Complete 
Remission 

~~~ 

Median 
duration of 

coinplftte 
No. of remission 

patients (wks.)+ 

Hodgkin’s Disease 

COP 

No major prior therapy 

Major prior therapy 

Cyclophosphamide* 

COP 

Lymphosarcoma 

No major prior therapy 

Major prior therapy 

C yclophosphaniide* 

Reticulum Cell Sarcoma 

COP 

No major prior therapy 

Major prior therapy 

Cyclophosphamide* 

12 

6 

23 

10 

1 2  

11 

12 
6 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

10 

42 

14 

55 

49 

45 
22 

28 

10 
14 

* Single agent (cyclophosphamide) treatment during 

t From onset of complete remission to  relapse. 
remission (ALB-EST study’). 
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ease zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(42 weeks vs. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA14 weeks) and in reticulum 
cell sarcoma (28 weeks vs. 10 weeks) but not in 
lymphosarcoma (49 weeks vs. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA45 weeks). Possi- 
bly because of the small numbers of patients, 
none of these differences was near statistical 

significance at the zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5% level. 
Patients in the single drug study (ALB- 

EST) had not received major prior treatment 
and are comparable to the COP patients with- 
out prior treatment. The median durations of 
maintained remission were similar in the COP 
and the single agent study for Hodgkin’s dis- 
ease but were longer for COP treatment in 
lymphosarcoma (49 weeks vs. 22 weeks) and re- 
ticulum cell sarcoma (28 weeks vs. 14 weeks), 
although the differences were not statistically 
significant. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

Duration of zrnmaintained compIete remis- 
sion: The median duration of unmaintained 
complete remission following COP remission 
induction according to prior treatment status 
and as compared to single agent (cyclophos- 
phamide) remission induction is presented in 
Table 6. The  duration of remission is meas- 
ured from the time of randomization to no  
maintenance treatment. In Hodgkin’s disease, 
the median duration of unmaintained remis- 
sion following COP induction treatment was 

TABLE 6. Duration of Unmaintained Complete 
Remission* 

Median 
duration of 

complete 
No. of remission 

patients (wks.) 

Hodgkin’s Disease 

COP Induction 

No major prior therapy 

Major prior therapy 

Single agent induction+ 

L ymphosarcoma 

COP Induction 

No major prior therapy 

Major prior therapy 

Single agent induction: 

Reticulum Cell Sarcoma 

COP Induction 

No major prior therapy 

hlajor prior therapy 

Single agent induction: 

10 19 
10 11 
12 11 

12 21 

3 

6 11 

- 

7 17 
1 

5 24 

- 

* From end of treatment (time of randomization) to 

+ Cyclophosphamide or vinblastine. * Cyclophosphamide or vincristine. 

relapse. 

longer in patients without prior treatment (19 
weeks) than in patients with prior major 
chemotherapy or radiotherapy (1 1 weeks). The  
number of patients in the other disease cate- 
gories was too small for valid comparison. 

The  median duration of unmaintained re- 
mission was longer following COP induction 
than cyclophosphamide induction in patients 
with Hodgkin’s disease (19 weeks vs. 11 weeks) 
and lymphosarcoma (2 1 weeks vs. 11 weeks). 

None of these differences in unmaintained 
remission duration between the COP and the 
ALB-EST studies (Table 6) are statistically 
significant perhaps because of the small num- 
ber of cases in most categories. 

Survival 

The  comparative effects of COP treatment 
and single-agent sequential treatment (ALB- 
EST study4) on survival are presented in Fig. 
2. Survival curves for the COP program are 
given for all patients and for those who did 
not receive major prior therapy. The  latter 
group is comparable to the ALB-EST single- 
agent control. 

Generally, the survival curves in Fig. 2 fol- 
low a straight-line pattern, indicating expo- 
nential distribution and a constant death rate 
per unit time. If a constant death rate is con- 
firmed to be characteristic in patients with 
lymphoma treated with chemotherapy, it may 
be possible to extrapolate survival early dur- 
ing the course of therapeutic trials and add 
the important parameter of survival to an 
evaluation of the efficacy of the trial. 

The  median survival time in Hodgkin’s dis- 

ease has not been reached in any of the treat- 
ment groups, although it will be approxi- 
mately 100 weeks for all patients in the COP 
study. Hodgkin’s disease patients with little or 
no prior treatment have an estimated median 
survival time of 140 weeks. The  median 
length of survival for the ALB-EST single 
agent sequential treatment group was 93 
weeks. T h e  patients in the ALB-EST group 
are comparable to those with no  prior treat- 
ment in the COP study, and the results sug- 
gest that survival may be increased by COP 
treatment. However, the difference is not sta- 
tistically significant (P > 20). 

For patients with lymphosarcoma, the per- 
centage surviving one year was 71% for all pa- 
tients treated with COP and Slyo for COP- 
treated patients who had not received major 
prior treatment. In the ALB-EST study, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA53y0 
of lymphosarcoma patients survived one year. 
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1 
107 P I S .  

COP Treolmenl, A l l  Polienls 
o COP Treolrnenl, No Mojor Prior Theropy 

Sequenlial Trealmenl 
(Cyclophosphomide - Vinblostine 
[or Vincristine] or \lice versa) _1 ~~ L- ~~ ~ ~~ 

ila 105 PIS. 

I I I I 

RETiCULUM CELL SARCOMA 

4 66 PIS. 

65 PIS.  

0 20 40 60 80 100 0 20 40 60 80 0 20 40 60 80 

Survival (Weeks) From Star t  Of Treatment 

FIG. 2. Survival time: comparison of combined and sequential single agent treatment. 

The  survival curve for COP patients not hav- 
ing received major prior therapy was signifi- 
cantly superior (P < .Ol) while that for all pa- 
tients was suggestively better (P = .lo) than 
that for patients in the ALB-EST study. 

The  one-year survival rate for reticulum 
cell. sarcoma patients in the ALB-EST study 
was 31y0. The  one-year survival rate was 37% 
for all COP patients and 45% for COP pa- 
tients with no major prior treatment. The  dif- 
ference between survival rates for all COP re- 

ticulum cell sarcoma patients and the ALB- 
EST patients was nearly significant (P = .09), 
and the difference between survival rates for 
the COP reticulum cell sarcoma patients with- 
out major prior treatment and the ALB-EST 
patients was highly significant (P = .Ol). 

The  relationship of initial response to COP 
treatment and survival is shown in Fig. 3. 
Clearly, patients achieving complete remission 
had a substantially longer survival than those 
who did not respond (whether adjustment is 

Hodgkin's Diseose Lymphosorcomo Reticulum Cell Sorcoma 

20---4-1- 

20 40 60 80 0 20 40 60 80 0 20 40 60 80 0 

Survival (Weeks) From Start Of Treatment 

No Change Or Increasing Disease 

a Complete Remission 
o Partial Remission i 

FIG. 3. zffcct of response to chemotherapy on surv i \n l .  
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made for the 10-week median time to com- 
plete remission or not). With the exception of 
patients with reticulum cell sarcoma, the sur- 
vival curves for patients achieving partial re- 
mission were intermediate between those for 
complete responders and non-responders. 

Toxicity 

Types of toxicity encountered in the COP 
progam are outlined in Table 7. More than 
one type of toxicity usually developed in pa- 
tients. 

The  most common toxic effect was bone 
marrow depression caused by cyclophos- 
phamide. This was intrinsic to the design of 
the study and occurred in 88% of the patients. 
Myelosuppression was considered severe in 
9% of patients and fatal in zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1%. 

Paresthesias caused by vincristine were the 
second most frequent toxicity, with zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2Oy0 of 
patients having moderate and 6% having se- 
vere paresthefias. I n  addition, lo.?, of patients 
had moderate or severe gastrointestinal toxic- 
ity (abdominal pain and constipation) and 

12y0 had moderate or severe motor weakness. 
Vincristine toxicity was severe enough to re- 
quire permanent cessation of vincristine ther- 

apy in 35 patients (13%). 
Some degree of hair loss occurred in 37% of 

patients; severe alopecia was recorded in 7%. 
Patients treated with the COP regimen should 
be forwarned of the possibility of hair loss 
which is reversible. 

Severe infections occurred in 4% of the pa- 
tients. One per cent of patients died from 
infections which were associated with severe 
leukopenia resulting from the chemotherapy. 

In general, prednisone was well tolerated. 
Only 29% of the patients had Cushingoid 
manifestations and these were usually mild. 
The  possibility that prednisone increased the 
patients' susceptibility to infections cannot be 
excluded. 

Fatal drug toxicity occurred in 4 patients. 
Three patients died from cyclophosphamide- 
induced leukopenia and resulting septicemia 
and one from a bleeding peptic ulcer presum- 
ably caused by prednisone. 

TABLE 7. Toxicity 

Degree of toxicity 
No. of 

Type of toxicity patients* None Mild Moderate Severe Fatal 

General 

Infection+ 

Hemorrhage 

Hair loss 

Cyclophosphamide 

Bone inarrow 

Hem. cystitis 

Vincristine 

G. I. (constipation, 

hlotor ueeakness 

Pares thesias 

abdominal cramps) 

Prednisone 

Cushingoid (moonface, 

G. I. (gastritis, peptic ulcer) 

Anxiety 

Insomnia 

Psychosis 

Other 

striae, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAacne) 

250 

253 

253 

258 

252 

252 

249 

255 

253 

252 

25 1 

251 

25 1 

207 (82) 12 (5) 17 (7) 11 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(4) 
244 (96) 4 (2)  2 (1) 2 (1) 

160 (63) 39 (15) 37 (15) 17 ( 7 )  

30 (12) 104 (40) 97 (38) 24 (9) 

239 (95) 3 (1) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA9 (4) 1 (0) 

200 (79) 27 (11) 20 (8) 5 (2 )  
192 (77) 26 (10) 25 (10) 6 ( 2 )  

96 (38) 92 (36) 52 (20) 15 (6) 

* Number of patients who had a report for the particular type of toxicity. 
+ Infection presumed related to chemotherapy. 
t 3 patients died from infection while myelosuppressed; one patient also had a massive G. I. hemorrhage. The 

4th patient died of G. I. hemorrhage from a peptic ulcer. 
Numbers in parentheses are percentage of patients. 
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DISCUSSION 

The  combination chemotherapy program 
(COP) employed in this study has increased 
significantly the complete remission rate in pa- 
tients with lymphoma over that which can be 
achieved with single-agent treatment. If one 
assumes independent drug action and if Ca, 
Cb, and Cc are the chances of achieving a 
complete remission for the 3 agents the follow- 
ing formula should predict the complete re- 
mission rate (C) for a combination of the 3 
drugs employed at full doses: 

( ,  = zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 - [(I - Ca) (1 - Cb) (1 - Cc)]. 

Assuming a 0.15 complete remission rate for 
each agent used alone, the predicted complete 
remission rate for the combination (COP) is 
0.39. This predicted remission rate is consist- 
ent with the clinical results of the COP pro- 
gram in which complete remission rates of 
35%, to 50% were produced. This finding sug- 
gests that the 3 drugs acted independently. 
Sim dar observations have been made for acute 
lymphocytic leukemia wherein full doses of 
combinations of agents with qualitatively dif- 
ferent toxicities gave increases in the complete 
remission rate consistent with a calculated 
rate assuming independent drug action.8 

The  magnitude of the initial response to 
COP markedly influenced survival as evi- 
denced in Fig. 3. This correlation of the ini- 
tial response rate with survival indicates that 
the frequency and magnitude of initial re- 
sponse may be employed effectively in the 
rapid evaluation of new treatment programs. 

It has been demonstrated in patients with 
lymphocytic leukemia and in those with lym- 
phoma that drug treatment continued during 
remission will prolong the duration of 
remi~s ion .4~1~~~3 In the present study, this was 
found to be true also for Hodgkin’s disease 
and lymphosarcoma in which complete remis- 
sions maintained on COP lasted more than 
twice as long as unniaintained remissions 
(Table zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4). 

Major prior treatment adversely affected all 
parameters of response, that is complete remis- 
sion rate, duration of maintained and un- 
maintained remissions, and survival (Tables 3, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
5 ,  6. Fig. 2). T h e  few exceptions to this, such 
as the duration of maintained complete remis- 
sion in lymphosarcoma (Table 5) ,  may not be 
significant in view of the small number of pa- 
tients. The adverse effect of major prior ra- 
diotherapy is explained, at least in part, by 

chronically compromised bone marrow re- 
serve. Thus, the average dose of cyclophos- 
phamide per course of treatment in patients 
with major prior radiotherapy was 62% of 
that for patients without major prior treat- 
ment. 

Except for Hodgkin’s disease maintained re- 
missions, the durations of maintained and un- 
maintained complete remission were longer in 
the COP program for patients not having re- 
ceived major prior treatment than for patients 
receiving single-agent remission induction and 
maintenance programs (Tables 5 ,  6). This is 
also true in acute lymphocytic leukemia in 
which prolonged durations of unmaintained 
complete remissions were achieved after com- 
bined intensive treatment.8 The  duration of 
unmaintained complete remission has been 
employed to evaluate the number of neoplas- 
tic cells persisting at the end of treatment.B.26 
Assuming comparable lymphoma cell prolifer- 
ative behavior, longer durations of unmain- 
tained remission indicate that fewer neoplastic 
cells persist at the end of treatment. In  this 
context, COP treatment is more effective than 
single agent treatment. 

The  combination treatment program con- 
sisting of mechlorethamine, vincristine, pro- 
carbazine, and prednisone (MOPP) for Hodg- 
kin’s disease6 is superior to the COP program 
both in rate of complete remission and in du- 
ration of unmaintained complete remission 
(Table 2). The  median duration of unmain- 
tained remission following 6 courses of MOPP 
treatment is 24 months, compared to only 5 
months in the COP program. 

There are 3 major differences between the 
MOPP program and the COP program. 1. 
T h e  alkylating agent in the MOPP program is 
mechlorethamine, and in the COP program it 
is cyclophosphamide. Comparative studies in 
patients with Hodgkin’s disease indicate that 
the 2 agents have reasonably comparable ac- 

Thus, for Hodgkin’s disease, there 
is no evident reason why the alkylating agent 
should make a difference between the MOPP 
and COP program. 2. The  MOPP program 
incorporates procarbazine which is not in- 
cluded in the COP program. Procarbazine is 
probably as effective as the alkylating agents 
or periwinkle alkaloids for Hodgkin’s disease22 
and could be the significant factor is increas- 
ing the response rate. Procarbazine, however, 
is myelosuppressive and both its dose and the 
dose of mechlorethamine are decreased to 
about 60% of full doses for the MOPP pro- 
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gram. 3. I t  is possible that this difference in 
schedule is responsible for the difference in 
response. Clinical and experimental studies of 
alkylating agents and cell cycle specific anti- 
metabolites indicate that the schedule of ad- 
ministration may substantially influence the 
therapeutic index.2,14J*J5,26 Therapeutic trials, 
with drug schedule as an independent vari- 
able, are currently underway in patients with 

lymphoma. 
Toxicity for the COP program (Table 7) 

was mild to moderate and consisted primarily 
of bone marrow depression, which was intrin- 
sic to the design of the study. Vincristine tox- 
icity was severe in only 6% of the patients. 
Three died from infection associated with 
severe granulocytopenia and one died of gas- 

trointestinal hemorrhage from gastric ulcera- 
tion presumably caused by prednisone. Cush- 
ingoid manifestations occured in only 30% of 

the patients. Continued daily treatment with 
prednisone for a 3- to 5-month period will 
produce Cushingoid manifestations in the ma- 
jority of patients. Previously, i t  has been ob- 
served that intermittent large doses of corti- 
costeroids produces fewer side effects than 
continuous administration.3 

The  most effective treatment for dissemi. 
nated Hodgkin’s disease currently appears to 
the MOPP program.6.21 For lymphosarcoma 
and reticulum cell sarcoma, the COP program 
is more effective than single agent sequential 
treatment and as effective as any reported com- 
bined treatment. It is important, however, to 
emphasize the rapid evolution and improve- 
ment which is occurring in the treatment of 

patients with disseminated lymphoma. Other 
forms of combined treatment have produced 

an increase in the remission rate.7,15,17 A major 

advance in the management of acute lympho- 

cytic leukemia was the recognition that com- 

bined treatment was capable of greatly increas- 

ing the complete remission rate.8 Following 

this advance, the improvement of treatment 

during remission including combined, sequen- 

tial cyclic, and reinduction therapy greatly 

prolonged the duration of effective survival in 

acute le~~kemia.6,9-11,24,~0 Many of these con- 

cepts and approaches now are being employed 

in the treatment of patients with lymphoma, 

and it seems probable that a similar and sub- 

stantial prolongltion of effective survival will 

occur. 
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