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Abstract. Subcl in ica l  and c l in ical  b l e o m y c i n - i n d u c e d  pul-  
monary  toxic i ty  (BIP) were inves t iga ted  re t rospect ive ly  in 
109 patients with n o n - H o d g k i n ' s  l y m p h o m a  treated by 
combina t ion  chemothe rapy  conta in ing b leomycin .  A 
decrease  in carbon m o n o x i d e  dif fus ing capac i ty  (DLCO)  
was found  in 12.8% of  patients.  The cumula t ive  r isk of  
abnormal  D L C O  increased  with the increas ing total  cumu-  
lat ive dose  o f  b leomycin .  No s ignif icant  d i f ference  in the 
rate of  BIP was obse rved  be tween  pat ients  rece iv ing  b leo-  
myc in /Adr i amyc in / cyc lophosphamide /v inc r i s t i ne /p redn i -  
sone (BACOP;  b l eomyc in  given at 10 mg/m2 for 4 weeks)  
and b l eomyc i rdAdr i amyc in / cyc lophosphamide /v inc r i s -  
t ine /dexamethasone /methot rexa te / fo l in ic  acid  (m- 
B A C O D ;  b l eomyc in  given at 4 m g / m  2 for 3 weeks,  
methot rexate  given at 200 mg/mL Moni tor ing  for subclini-  
cal BIP should be cons idered  in pat ients  wi th  non-Hodg-  
l dn ' s  l y m p h o m a  even i f  only  a low dose of  b l eomyc in  was 
given in the presence  o f  other  chemotherapeut ic  agents.  

Introduction 

B l e o m y c i n  is act ive agains t  l ymphoma ,  espec ia l ly  when 
used in combina t ion  with  other  chemotherapeu t ic  agents  
[6, 9]. Al though  b l eomyc in  is not  man 'ow toxic,  it induces  
interst i t ial  pneumoni t i s ,  which  is potent ia l ly  lethal  [2, 7, 9]. 
Subcl in ica l  b l eomyc in - induced  pu lmonary  toxic i ty  (BIP) 
can be p icked  up by  pu lmonary  function testing (PFT) 
[6, 10]. 

It is not  c lear  whether  serial  PFT  can predic t  the 
deve lopmen t  of  BIP and be adequate  to avo id  progress ion.  
W e  under took  a re t rospect ive  study of  patients rece iv ing  
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b leomyc in -con ta in ing  combina t ion  chemothe rapy  for the 
t reatment  o f  n o n - H o d g k i n ' s  l y m p h o m a  to detect  BIP by  
means  o f  ser ial  PFT.  

Patients and methods 

During the period 1984- 1989, 109 patients with intermediate- to high- 
grade non-Hodgkin's lymphoma were recruited in this retrospective 
study. These patients had normal pretreatment PFT and underwent serial 
PFT once every month during bleomycin combination chemotherapy. In 
all, 58 patients received BACOP (5 mg/m 2 bleomycin given by i.v. 
infusion on days 15 and 22; 25 mg/m 2 Adriamycin given by i. v. infusion 
on days 1 and 8; 650 mg/m 2 cyclophosphamide given by i. v. infusion on 
days 1 and 8; 1.4 mg/m 2 vincristine given by i. v. infusion on day 1; and 
60 mg/m 2 prednisone given orally on days 15-28; courses were repeated 
every 4 weeks) and 51 patients received m-BACOD (4 mg/m 2 bleomy- 
cin given by i. v. infusion on day 1 ; 45 mg/m 2 Adiiamycin given by i. v. 
infusion on day 1; 600 mg/m 2 cyclophosphamide given by i. v. infusion 
on day 1; 1 mg/m 2 vincristine given by i.v. infusion on day 1; 6 mJm 2 
dexamethasone given orally on days 1-5; 200 mg/m 2 methotrexate giv- 
en by i.v. infusion on days 8 and 15; and 15 mg folinic aicd x6 given 
orally; courses were repeated every 3 weeks). 

Both carbon monoxide diffusing capacity (DLCO) and forced expira- 
tory volume (FVC) were assessed with the Gould 5000 IV Computerised 
Puhnonary Function System. FVC was measured with the rolling-seal 
spirometer, and DLCO was measured by the single-breath technique. 
Data reported by Da Costa [5] and Crapo and Morris [4] were used as 
references for normal values. Subclinical BIF was diagnosed when PFT 
showed a decrease of more than 35% in DLCO or FVC in relation to the 
baseline value [6]. DLCO measurements were corrected for haemoglobin 
(Hb) concentration by the formula: 

10.2+Hb 
DLCO (corrected) = DLCO (observed) x - -  

1.7 x Hb 

with Hb being expressed in grams per deciliter [1]. Treatment with 
bleomycin was withheld if the patient developed subclinical BIP. Clini- 
cal BIP was diagnosed on the basis of the following features: persistent 
dyspnoea, non-productive cough, fine rales on auscultation and typical 
bi-basilar reticular or fine nodular infiltrates on chest radiography 
without other pulmonary cause [2, 7]. 

Risk factors that predispose patients to pulmonary toxicity, such as 
age, smoking habits, impaired renal function, lung or pleural metastasis, 
radiotherapy to the lung and the dose of bleomycin given, were assessed. 

Statistical analysis was performed using the chi-square test. The 
cumulative hazard of increasing total bleomycin dose with abnormal PFT 
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Fig. 1. Cumulative risk of abnormal DLCO with cumulative total dose of 
bleomycin 

was plotted using the BMDP statistical software programme (BMDP 
Statistical Software Inc., 1990 version). 

Results 

The age of the 109 patients ranged from 15 to 74 years 
(mean + SD, 46.1 + 15.5 years). There was no significant 
association of abnormal PFT with an age of more than 
60 years. All patients had normal renal function. Only 
30.3% of the patients were smokers. There was no signifi- 
cant association of abnormal PFT with smoking. None of 
the 7 patients with lung or pleural metastasis had impaired 
PFT. In all, 4 patients received concomitant radiotherapy 
to the mediastinum or the lung; 2 of them (50%) had 
impaired PFT and 1 of them developed clinical BIP. 

The total number of courses of BACOP or m-BACOD 
given ranged from 1 to 9 (mean, 3.9); 55% of the patients 
received 6 or more courses. The total dose of bleomycin 
delivered to the patients ranged from 4 to 90 mg (mean 
+SD, 38+23.7 mg). A graph of the cumulative risk of 
abnormal PFT with increasing total dose of bleomycin is 
shown in Fig. 1. The cumulative risk of abnormal PFT after 
a total dose of 90 mg bleomycin was 0.49. 

In all, 14 of the 109 patients (12.8%) developed abnor- 
mal PFT while on treatment. All of them had impaired 
DLCO and normal FVC. The serial changes in DLCO with 
reference to pre-treatment measurements showed a pro- 
gressive decrease with increasing cumulative bleomycin 
dose (Fig. 2). Of these 14 patients, 11 received BACOP 
and 3 received m-BACOD. There was no significant 
difference in the proportion of patients with abnormal PFT 
or in the cumulative risk of impaired PFT between the two 
groups of patients receiving BACOP or m-BACOD. 

Only 1 patient (0.9%) developed clinical BIP. DLCO 
fell from 133 to 25 ml min-] mmHg -1 (that is, only 19% of 
the pre-treatment value) after 1 course of m-BACOD. He 
was also receiving radiotherapy to the mediastinum. After 
the omission of bleomycin from subsequent courses of 
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Fig. 2. Serial percentage of change in DLCO with cumulative bleomycin 
dose (in rag) in 14 patients with impaired DLCO during treatment 

chemotherapy, his PFT returned to normal values within 
4 months. 

Discussion 

BIP is a potentially lethal complication. Van Barneveld et 
al. [10] reported a significant fall in DLCO only after a 
cumulative dose of 360 mg in the treatment of testicular 
carcinoma. However, a higher incidence of BIP was found 
in patients with non-Hodgkin's lymphoma treated with a 
lower cumulative dose of Neomycin in combination che- 
motherapy [2, 8]. In the present study, an increasing risk of 
abnormal DLCO was found with increasing cumulative 
total dose of bleomycin, even at doses below 90 mg. For 
patients with subclinical BIP, the fall in DLCO was pro- 
gressive with increasing dose, and the varying rate could 
indicate individual susceptibility. 

Shapiro et al. [8] have suggested that methotrexate may 
play an important role in the pathogenesis of pulmonary 
toxicity in a study comparing pulmonary toxicity among 
patients receiving m-BACOD, m-ACOD (m-BACOD 
minus Neomycin) and CHOP. No pulmonary toxicity was 
observed in the CHOP group. However, the present study 
failed to support this hypothesis, since no significant 
difference in the occurrence of BIP was observed between 
patients receiving m-BACOD (containing methotrexate) 
and those receiving BACOP (without methoU'exate). A 
further control study in a larger number of patients may 
help to define the role of methotrexate. 

We conclude that DLCO is a better parameter than FVC 
for the detection of subclinical BIP. The 12.8% incidence 
of subclinical BIP observed in this study was found among 
patients with non-Hodgkin's lymphoma treated by combi- 
nation chemotherapy containing bleomycin. The risk of 
abnormal DLCO increased with increasing cumulative 
total dose of bleomycin. 



409 

References 

1. Clark EH, Woods RL, Hughes JMB (1978) Effect of blood transfu- 
sion on the carbon monoxide transfer factor in man. Clin Sci 54: 
627 - 631 

2. Coruis RL (1990) Detecting bleomycin pulmonary toxicity: a con- 
tinued conundrum. J Clin Oncol 8:764-767 

3. Comis RL (1992) Bleomycin pulmonary toxicity: current status and 
future directions. Semin Oncol 19 [Suppl]: 64-70 

4. Crapo RO, Morris AH (1981) Standardised single breath normal 
values for carbon monoxide diffusing capacity. Am Rev Respir Dis 
123: 185-190 

5. Da Costa JL (1971) Pulmonary function studies in healthy Chinese 
adults in Singapore. Am Rev Respir Dis 104: 128- 131 

6. Fryer C J, Hutchinson RJ, Krailo M, Collins RD, Constine LS, Hays 
DM, et al (1990) Efficacy and toxicity of 12 courses of ABVD 
chemotherapy followed by low-dose regional radiation in advanced 
Hodgkin's disease in children: a report from the Children Cancer 
Study Group. J Clin Oncol 8:1971 - 1980 

7. Jules-Elysee K, White SA (1990) Bleomycin-induced pulmonary 
toxicity. Clin Chest Med 2 : 1 - 2 0  

8. Shapiro CL. Yeap BY, Godleski J, Jochelson MS, Shipp MA, Skarin 
AT, et at (1991) Drug-related pulmonary toxicity in non-Hodgkin's 
lymphoma-comparative results, with three different treatment regi- 
mens. Cancer 68:699-705 

9. Skarin AT, Rosenthal DS, Maloney WC, et al (1977) The treatment 
of advanced non-Hodgkin's lymphoma (NHL) with bleomycin, 
Adriamycin, cyclophosphamide, vincristine and prednisone. Blood 
49:759-770 

10. Van Barneveld PWC, Veenstra G, Sleijfer DT, Van der Mark TW, 
Mulder NH, Schraffordt Koops H, et al (1985) Changes in pulmo- 
nary function during and after bleomycin treatment in patients with 
testicular carcinoma. Cancer Chemother Pharmacol 14:168 - 171 


