
 

 

Introduction 
 
Morgenfeld et al. were the first to report a com-
bination chemotherapy regimen of cyclophos-
phamide, vincristine, prednisone, and procarba-
zine (COPP) in 1975 [1]. Longo et al. reported a 
median time to relapse of 7.1 years in the 79% 
of patients with nodular mixed lymphoma who 
achieved a complete remission with a similar 
regimen, C-MOPP [2]. Although chemotherapy 
regimens of similar composition with various 
modifications of dose and schedule demon-
strated mixed results subsequently [3-5], we 
remained impressed by the durability of com-
plete remissions afforded by C-MOPP for pa-
tients with follicular lymphoma. We have been 
using this chemotherapy backbone since 2000 
for both newly diagnosed and relapsed follicular 
lymphoma patients. Because rituximab demon-
strated early promising results as both a single 
agent [6,7] and combined with chemotherapy 
[8], we incorporated it into the C-MOPP regimen, 
giving it the term C-MOPP-R [9] (Figure 1). We 

report the results of thirty-seven patients with 
untreated and relapsed follicular lymphoma 
treated at Saint Louis University from 2000-
2009 with C-MOPP-R. 
 
Materials & methods     
 
Study design   
 
The study was a retrospective cross-sectional 
analysis of patient charts at Saint Louis Univer-
sity Cancer Center. Institutional Review Board 
approval was obtained for this analysis. 
 
Setting   
 
Records of all lymphoma diagnoses were ob-
tained from our clinic database from 2000 
through 2009. Only records with a diagnosis of 
follicular lymphoma were further considered. 
Charts of follicular lymphoma cases were 
screened; the present analysis is restricted to 
cases receiving C-MOPP-R immunochemother-
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Abstract: C-MOPP is a chemotherapy regimen for the treatment of Non-Hodgkin lymphoma (NHL).  Because rituximab 
improves results in B-cell NHL, we added rituximab to C-MOPP, giving it the term C-MOPP-R.  We retrospectively report 
the results of C-MOPP-R treatment for follicular lymphoma at Saint Louis University Cancer Center from 2000-2009.  
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with follicular lymphoma were treated at our institution with C-MOPP-R.  The complete response rate was ninety-four 
percent and sixty-eight percent in untreated and relapsed patients, respectively.  The median progression-free and 
overall survivals were not reached with median observation time of 34 months.  Development of peripheral neuropa-
thy required truncation of planned vincristine dosing in nearly half of patients.  We believe that C-MOPP-R results in 
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apy. Follow-up information was obtained from 
medical charts.  
 
Participants   
 
We defined follicular lymphoma according to the 
World Health Organization (WHO) classification 
[10] as a follicle centre cell B cell lymphoma but 
required a follicular component present in 
specimens. Excision biopsy of lymphatic tissue 
was required and in all cases this was a lymph 
node. Grade was defined according to the WHO 
2008 definition. All patients in this analysis had 
preserved renal and hepatic function prior to 
therapy, defined as GFR >60cc/min by Cockroft-
Gault equation, bilirubin <3 mg/dL and 
prothrombin time <15 seconds. All patients had 
adequate baseline hematologic function, with 
absolute neutrophil count >1500 cells/mcL and 
platelet count >100,000 cells/mcL. No patients 
had > grade 1 neuropathy at baseline. Cardiac 
and pulmonary functions were not assessed 
routinely unless concern was suggested at the 
initial visit.  
 
Variables   
 
We report response rates to C-MOPP-R accord-
ing to International Workshop (IW) criteria [11-
13] as a primary objective. Responses were 
divided into complete (CR), partial (PR), and 
overall (OR=complete plus partial). Stable or 
progressive disease is reported in separate 
categories. We report toxicity of the regimen 
according to National Cancer Institute Common 

Terminology Criteria (NCICTC) 
for Adverse Events, version 3.  
 
Data sources/measurement 
 
Staging: All patients with de 
novo disease underwent appro-
priate staging workup including 
history and physical, complete 
blood count, chemistry, bone 
marrow biopsy, and radiological 
assessment. Complete records 
of relapsed patients were ob-
tained from referral centers; 
however, initial workup was 
frequently incomplete usually 
due to lack of lactate dehydro-
genase level. Patients with re-
lapsed disease were each for-
mally restaged as for de novo 

patients. Original biopsy material was reviewed 
by hematopathologists in all cases, and repeat 
biopsy of involved tissue at relapse was per-
formed in all but one case. Overall, twenty-
seven patients were staged with fusion FDG 
PET/CT; nine patients were staged with sepa-
rate PET and CT scans of chest, abdomen, and 
pelvis; one patient was staged with CT scan 
alone prior to availability of PET at our institu-
tion. Follicular Lymphoma International Prog-
nostic Index was calculated in all de novo pa-
tients but was not possible to calculate for re-
lapsed patients due to incomplete information.  
 
Therapy: All patients received C-MOPP-R immu-
nochemotherapy (Figure 1). Granulocyte-colony 
stimulating factor was routinely administered. 
Pegylated filgrastim is currently given day nine. 
Overlap between procarbazine and pegylated 
filgrastim has been described in a prior report 
[14]. The vincristine dose was uncapped, but 
the agent was discontinued at the development 
of ≥ grade II peripheral neuropathy. Prophylactic 
antiemetics were routine. All patients received 
prophylaxis for Pneumocystis, bacterial, fungal, 
and viral infections throughout chemotherapy. 
The prophylactic regimen includes: acyclovir 
(200mg po bid) or valacyclovir (500mg po bid), 
trimethoprim-sulfamethoxazole one double 
strength tablet oral M, W, F, levofloxacin 500mg 
oral daily, and fluconazole 100mg oral daily. If 
patients were allergic to trimethoprim-
sulfamethoxazole, atovaquone 1500mg or dap-
sone 100mg oral daily were substituted. Pneu-
mocystis and viral prophylaxis were continued 

Figure 1. Schema of the C-MOPP-R chemotherapy program. 
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until the postchemotherapy absolute CD4 count 
was ≥ 200 cells/mcL. Most patients were en-
rolled on our single institution phase II clinical 
trial at the completion of C-MOPP-R, in which 
patients receive planned consolidation therapy.  
See discussion section for more details.   
 
Response Assessment: Response was deter-
mined according to IW criteria incorporating 
clinical examination, bone marrow aspirate/
biopsy, and radiologic assessment. Twenty-four 
patients underwent fusion PET/CT and had their 
complete set of images reviewed both on the 
day of study and retrospectively by a board certi-
fied nuclear medicine physician. Responses 
were retrospectively categorized according to 
the Revised Response Criteria for Lymphoma 
[12], with utilization of the Imaging Subcommit-
tee standards regarding PET interpretation [13]. 

Due to a change in computer software at our 
institution in June 2004, the PET scans per-
formed prior to this date could not be viewed as 
a full set of images. In ten cases, a paper copy 
of the images was available in the patient’s 
chart, and based on the hard copy, the nuclear 
medicine physician categorized the response as 
above. In the remaining four cases, neither com-
puter nor hardcopy images could be obtained; 
response was determined from the initial radio-
logical assessment.  For one patient with CT 
scans only and two patients with non-FDG avid 
adenopathy, we determined response by the 
1999 Response Criteria for Lymphoma [11]. 
Imaging was performed in all cases at the con-
clusion of therapy unless an interim scan dem-
onstrated complete remission and clinical follow 
up raised no suspicion for disease progression. 
All patients with negative interim scans had at 

Table 1. Patient characteristics 

 De Novo Relapsed 

Number 25 12 

Age, median 52 54 

Age, range 28-73 36-67 

B Symptoms 21% 33% 

Grade   

1 40% 25% 

2 28% 33% 

3 32% 42% 

Stage   

1 8% 0 

2 8% 17% 

3 21% 33% 

4 63% 50% 

FLIPI   

0-1 42% N/A 

2 29% N/A 

3-5 29% N/A 

No. Prior Chemotherapy Regimens N/A 1-  10 (84%) 
2-  1 (8%) 
3-  0 
4-  1 (8%) 
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least two more cycles of C-MOPP-R therapy be-
yond imaging assessment. Cases with initial 
bone marrow involvement underwent repeat 
bone marrow biopsy after at least three cycles 
of chemotherapy to assess remission.  
 
Bias 
 
The nuclear medicine physician was not in-
volved in the clinical care of any patients in this 
study and is free of bias. No financial relation-
ships exist between any physicians involved in 
this study and any of the products used as part 
of this study. 
 
Study size 
 
We identified fifty-nine patients with follicular 
lymphoma treated from 2000-2009. Thirty-
seven of the fifty-nine patients received C-MOPP
-R and are included in the analysis. The primary 
reason for patients not receiving C-MOPP-R was 
that the patient was already in remission and 
referred for hematopoietic stem cell transplan-
tation or other consolidation. For patients with 
ECOG performance status >2 or above the age 
of 80, we chose alternative regimens. All thirty-
seven patients are assessable for response and 
toxicity; twenty-five upfront and twelve relapsed.   
 
Quantitative variables and statistical methods 
 
Response and toxicity rates were quantified. 
Progression free survival was calculated from 
the date of treatment initiation to evidence of 
relapsed disease, death due to any cause, or 

last follow-up visit. Overall survival was calcu-
lated from the date of treatment initiation to 
death from any cause or last follow-up visit.  
 
Results 
 
Baseline patient characteristics are detailed in 
Table 1, both de novo and relapsed. The per-
centage of de novo patients with Ann Arbor 
stage III/IV disease was nearly ninety percent, 
and the distribution of FLIPI scores in this co-
hort was similar to the population on which the 
score was derived [15].  
 
Efficacy 
 
One patient underwent response assessment 
with CT alone, nine patients underwent sepa-
rate PET and CT scans, and twenty-seven pa-
tients underwent fusion PET/CT. In twenty-three 
cases, the full set of images was reviewed cen-
trally by our nuclear medicine physician. In ten 
cases, only partial images were reviewed cen-
trally, and in four cases images could not be 
obtained, and response was assessed by chart 
review of initial radiologic assessment (Table 2).  
 
In the upfront setting, twenty-three of twenty-
five or ninety-four percent of patients achieved 
a confirmed CR. Two of twenty-five patients 
achieved a PR, for an OR rate of one hundred 
percent (Table 3). For patients with relapsed 
disease, the confirmed CR rate was sixty-eight 
percent, with eight percent of patients obtaining 
a PR for an overall response rate of seventy-six 
percent. One patient had stable disease and 

Table 2. Response assessment 

 Number Percentage 

Assessment Tool   

CT alone N=1 3% 

PET N=9 24% 

Fusion PET/CT N=27 73% 

Assessment Method   

Full Scans Reviewed Centrally N=23 62% 

Images Reviewed Centrally N=10 27% 

Reports Reviewed N=4 11% 
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two progressive disease, respectively. For the 
entire cohort, a CR rate of eighty-four percent, a 
PR rate of eight percent, and an OR rate of 
ninety-two percent were achieved. Both patients 
with progressive disease had a response during 
therapy but follow-up imaging revealed progres-
sion within two months.  
 
For eleven patients who were not enrolled in the 
clinical trial and received no consolidation ther-
apy after C-MOPP-R, follow-up exists through 
7/1/11 (Table 4). One patient in relapse after 

CHOP therapy developed progressive disease 
1.5 months after the second cycle of C-MOPP-R 
and ultimately died of lymphoma. One patient 
died of complications of congestive heart failure 
with no evidence of lymphoma. One patient re-
lapsed with a disease-free interval of 38 
months, underwent an autologous bone marrow 
transplant after salvage chemotherapy, and is 
currently alive and free of disease, 67 months 
after initial C-MOPP-R chemotherapy. Eight pa-
tients are in first continuous complete remission 
of various durations. 

Table 3. Response rates 

 Number Percentage 

De Novo N=25  

Complete N= 23 94 % 

Partial N= 2 6 % 

Stable Disease N= 0 0 

Progression N= 0 0 

Relapsed N=12  

Complete N= 8 67% 

Partial N= 1 8 % 

Stable Disease N= 1 8 % 

Progression N= 2 17% 

 

Table 4. Patients treated with C-MOPP-R alone 
  
Patient 

  
Age 

  
U/R 

  
Stage 

  
Grade 

  
FLIPI 

  
# Cycles 

  
Response 

Response      
Duration, 
months 

  
Survival 

1 56 R NR 2 NR 2 PD N/A Died of Lym-
phoma 

2 48 U 2A 3A 0 6 CR 21 Alive NED 
3 69 U 3B 2 5 6 CR 21 Alive NED 
4 60 U 3A 3 3 6 CR 26 Alive NED 
5 28 U 1A 3 0 6 CR 31 Alive NED 
6 73 U 4A 2 4 5 CR 45 Died Unrelated 
7 48 U 3A 1 2 6 CR 52 Relapsed, Alive 

NED s/p autoBMT 
8 51 U 4B 1 1 6 CR 60 Alive NED 
9 49 U 4A 1 1 6 CR 81 Alive NED 
10 58 U 4A 1 2 6 CR 94 Alive NED 
11 51 U 3A 2 3 6 CR 104 Alive NED 
U=untreated;  R=relapsed; NED=No evidence of disease; PD=progressive disease; PR=partial response; CR=complete 
response; NR=not recorded 
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With a median observation time from initiation 
of C-MOPP-R to data analysis of 34 months 
(range 3-116 months), the progression-free and 
overall survival have not been reached. The me-
dian progression-free survival at three years is 
75% and overall survival 80%, respectively. 
(Figures 2 and 3). 

Toxicity 
 
See Table 5 for rates of grade III/IV adverse 
events according to NCICTC in de novo and re-
lapsed patients. Because this was not a pro-
spective study, rates of grade I/II adverse 
events could not be calculated as these were 
not routinely recorded in the patient’s chart. 
However, vincristine was stopped routinely at ≥ 
grade II neurotoxicity. Fifteen of twenty-five de 

Table 5. NCI grade 3/4 toxicity rates 

 De Novo Relapsed 

Hematologic   

Neutropenia 21% 17% 

Anemia 6% 0 

Thrombocytopenia 0 8% 

Non-Hematologic   

Peripheral Neuropathy 0 0 

Pneumonitis 6% 8% 

Thrombosis 11% 0 

Nausea 0 0 

Diarrhea 0 0 

 

Figure 2. Progression-Free Survival of the entire co-
hort treated with C-MOPP-R. 

 

Figure 3. Overall Survival of the entire cohort treated 
with C-MOPP-R. 
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novo patients required omission of vincristine 
for neuropathy, one after cycle one, two after 
cycle two, one after cycle three, three after cycle 
four, and two after cycle five. Two of twelve pa-
tients with relapsed disease required omission 
of vincristine from the regimen after cycle two 
due to neuropathy. No patients developed grade 
III or IV peripheral neuropathy in spite of using 
an uncapped dose of vincristine.  
 
One patient with de novo disease developed a 
grade IV ischemic cerebrovascular event and 
two de novo patients developed a grade IV pul-
monary embolism, both after the second cycle. 
One of the patients who developed pulmonary 
embolism developed a non-neutropenic gram 
negative sepsis and died of septic complica-
tions. The precise role of the chemotherapy in 
the causation of the above events is unclear, 
but there is a temporal association between 
chemotherapy and complications.  
 
Neutropenia was the hematologic toxicity seen 
most often in spite of growth factor use. Two 
patients in the de novo setting required dose 
reduction or dose omission of cyclophos-
phamide due to neutropenia. In total, four de 
novo patients and three relapsed patients had C
-MOPP-R truncated at the discretion of the treat-
ing physician. The four de novo patients had 
received five cycles, and the relapsed patients 
four cycles prior to termination. All of the pa-
tients whose chemotherapy was truncated had 
interim PET or CT studies demonstrating com-
plete remission at least two cycles prior to ter-
mination, and it was felt by the treating physi-
cians that further chemotherapy would result in 
further toxicity for the patient with possible com-
promise in stem cell collection and ability to 
receive consolidation therapy.  
 
Discussion 
 
Aggressive immunochemotherapy may alter the 
natural history of follicular lymphoma [16-19], 
and the majority of evidence suggests that 
achievement of a complete response is associ-
ated with superior disease-free survival [20-23]. 
We believe the goal of initial therapy in young 
patients without substantial comorbidity should 
be complete response. The complete and over-
all response rates reported previously for up-
front treatment of follicular lymphoma with im-
munochemotherapy are listed in Table 6 [20-
23], and those studies in relapsed disease in 

Table 7 [24-26].  
 
The high response rates in this retrospective 
analysis versus other published regimens may 
be due to a number of factors. First, we as-
sessed the response in most of our patients 
using fusion PET/CT scans with International 
Harmonization Project criteria. Most prior re-
ports have assessed complete remission by the 
original IW criteria for response, in which com-
puted tomography is used as the imaging tool 
for assessment. A few reports exist which com-
pare end of therapy assessment between CT 
and PET in follicular lymphoma [27-29]. Most 
patients in complete remission by CT scan in 
these reports are also reported to be in com-
plete remission by PET (or PET/CT) imaging, 
with utilization of various criteria for positive 
versus negative PET. The percentage of patients 
with unconfirmed CR or PR by CT criteria who 
have CR by PET criteria is relatively high, rang-
ing from 52-84% amongst the three reports [27-
29]. This indicates that many patients in partial 
remission by CT criteria are in complete remis-
sion by PET criteria, and becomes important 
when comparing complete remission results 
across studies. Indeed, our complete remission 
rate may in part be higher than many past re-
ports as a result of assessment method.  
 
Second, the regimen is different from the other 
immunochemotherapy regimens in several 
ways.  Rituximab is administered for twelve 
doses rather than six doses, which may en-
hance the efficacy of this immunochemother-
apy, although we are unaware of any data com-
paring twelve versus six doses of rituximab in 
this context. In addition, vincristine is utilized 
more aggressively than other regimens, both in 
dose (uncapped at 1.4mg/m2 versus capped 
1.2mg/m2) and frequency (12 doses in 24 
weeks versus 6 doses in 18 weeks).  We are 
unaware of any reports detailing the optimal 
dose and schedule of this agent both in terms 
of efficacy and toxicity.  Cumulative exposure to 
cyclophosphamide is higher in C-MOPP than 
most regimens, which may be partly responsible 
for high response rates, as it is one of the most 
efficacious single agents in NHL [30]. Finally, 
procarbazine, which has demonstrated single 
agent utility in follicular lymphoma in untreated 
[31,32] and relapsed patients [33], is adminis-
tered with this regimen. Along with more rituxi-
mab and cyclophosphamide than other regi-
mens, it may have contributed to the grade III/IV 
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hematological toxicity seen in spite of G-CSF 
use.  Gastrointestinal toxicity was very manage-
able with antiemetics, and there are no cases of 
secondary neoplasia. Although procarbazine 
has demonstrated idiosyncratic pneumonitis 
[34] and hepatotoxicity [35], it does not have 
cumulative, dose-limiting organ toxicity. 
 
The median progression-free and overall sur-
vival compare favorably to other studies of front-
line therapy in follicular lymphoma. It is recog-
nized that the majority of our patient cohort re-
ceived consolidation therapy, but we did include 
patients with relapsed disease, who have a less 
favorable prognosis. Some of the patients 
treated with C-MOPP-R induction were part of 
our phase II pilot study utilizing a combination 
of immuno-chemotherapy, radioimmunotherapy, 
and autologous transplant, which began accrual 
in 2006 and will require at least five more years 
for data to mature. In the study, patients are 
given six cycles of C-MOPP-R followed by one 
standard dose of Zevalin upon count recovery, 
which is then followed by a BEAM-conditioned 
autologous transplant [36]. 
 
We found that all but two of our patients had 
FDG-avid disease on the staging PET scans, 
which is consistent with prior reports [27,29]. 
Although SUVs were not systematically ana-
lyzed, the intensity of uptake was similar to 
many of our patients with Hodgkin and Diffuse 
Large B cell Lymphoma. All of the patients who 
achieved a partial response to therapy had re-

duction in FDG avidity of all but one site, and 
although the one site must be considered posi-
tive by the International Harmonization Project 
criteria, the intensity of uptake was dramatically 
reduced in all cases. It would be interesting to 
know how these isolated, less FDG-avid areas 
would behave clinically over time. If our subse-
quent management would have been altered by 
knowing whether these areas represented resid-
ual disease, biopsy would have been pursued. 
The primary toxicity our patients experienced 
during C-MOPP-R chemotherapy was peripheral 
neuropathy, and nearly one-half of patients re-
quired omission of vincristine during therapy. 
Using a capped dose of vincristine may have 
allowed more cycles to be administered and 
may have lessened grade I/II peripheral neu-
ropathy rates. We have begun using capped 
vincristine dosing at our institution, although the 
effect this will have on efficacy at present is 
unknown.  
 
No infectious etiology could be determined in 
the two cases of pneumonitis, and symptoms 
returned to baseline with administration of corti-
costeroids. Both patients continued to receive 
cyclophosphamide and procarbazine, which are 
associated with pulmonary toxicity in prior re-
ports [37, 38], without recurrent pulmonary 
symptoms. The lack of completion of six cycles 
of chemotherapy in seven patients was due to 
physician discretion of perceived relative benefit 
and harms of further chemotherapy versus con-
solidation therapy. We do not believe that the 

            Table 6. Response rates and duration upfront follicular lymphoma 

Regimen Patients Overall response rate Complete response rate Median response duration 

R-CVP 159 81% 41% 66 months 

R-CHOP 222 97% 20% Not reached at 3 years 

R-CHVP-I 175 81% 67% Not reached at 3 years 

R-MCP 105 92% 50% Not reached at 4 years 

          Table 7. Response rates and duration relapsed follicular lymphoma 

Regimen Patients Overall response Rate Complete response rate Median response duration 

FCR 54 91% 74% Not reached at 45 months 

R-FCM 66 79% 33% Estimated 16 months 

R-BM 29 92% 50% Estimated 17 months 
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response rates would be altered as a result of 
this, as all of these patients were in complete 
remission at the time therapy was truncated.  
Consistent with the experience of Longo et al 
[2], prolonged progression-free survival with C-
MOPP-R alone was seen in this cohort, with 
three cases exhibiting progression-free survivals 
of 81, 94, and 104 months, respectively. Impor-
tantly, prolonged remission is not restricted to C
-MOPP-R, as R-CHOP has shown durable remis-
sions [39]. However, cumulative cardiotoxicity 
with anthracycline is a concern, and procarba-
zine is not associated with cumulative organ 
toxicity, which is important in follicular lym-
phoma given the long natural history of this dis-
ease.  
 
Conclusion 
 
In summary, we report excellent complete re-
sponse rates, progression-free survival, and 
overall survival with an immunochemotherapy 
regimen, C-MOPP-R, in patients with both up-
front and relapsed follicular lymphoma. We sug-
gest utilization of capped vincristine dosing with 
this regimen to attenuate grade I/II peripheral 
neurotoxicity. Consideration of this regimen for 
patients with follicular lymphoma is reasonable 
based on these data. Ultimately, further com-
parative data of various regimens in random-
ized trials will inform clinical practice in the up-
front and relapsed treatment of this disease.  
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