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Abstract Introduction of new chemotherapy regimens over
the last decade resulted in 90% survival in patients with
Hodgkin lymphoma (HL), which enhances significance of
abrogating chemotherapy-related long-term toxicities in
young subjects. The present trial evaluated incidence of
long-term respiratory complications associated with adria-
mycin, bleomycin, vinblastine, and dacarbazine (ABVD) or
bleomycin sulfate, etoposide phosphate, doxorubicin hy-
drochloride (Adriamycin), cyclophosphamide, vincristine
sulfate (Oncovin), procarbazine hydrochloride, and predni-
sone (BEACOPP). Sixty-seven HL patients, 21 treated with
ABVD and 46 with BEACOPP, underwent prospective
respiratory evaluation. Median follow-up from chemother-
apy completion to respiratory assessment was 61 months.
Abnormal lung function tests (LFT) were found in nine
patients (13.6%)—three with functional dyspnea and six
asymptomatic—with reduced DLCO (≤70%), VC, and
TLC. Previous history of bleomycin pulmonary toxicity
was found to be the only statistically significant factor for
chronic respiratory impairment (75% vs. 10%, p=0.007,
relative risk (RR)=28; 95% CI, 2.5–313). However,
abnormal LFT tended to occur more frequently in patients
receiving mantle field irradiation (18% vs. 9%, RR=2.2),

those who experienced respiratory infection (25% vs. 13%,
RR=2.25), and patients treated with ABVD compared to
BEACOPP (19% vs. 11%, RR=1.9). Long-term respiratory
impairment in HL survivors is unusual and rarely results in
functional discomfort. BEACOPP is “respiratory safe,”
being associated with a nonsignificant risk for long-term
respiratory dysfunction.
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Introduction

The management of Hodgkin lymphoma (HL), the second
most common cancer in young subjects aged 15–60 [1], has
become one of the true success stories in malignant
hematology. Application of new chemotherapy regimens,
such as bleomycin sulfate, etoposide phosphate, doxorubi-
cin hydrochloride (Adriamycin), cyclophosphamide, vin-
cristine sulfate (Oncovin), procarbazine hydrochloride, and
prednisone (BEACOPP) or escalated BEACOPP, over the
last decade, resulted in a 10-year freedom from treatment
failure and overall survival (OS) of 82% and 86%,
respectively, including patients presenting with a poor risk
disease [2]. These encouraging survival rates emphasize the
importance of preventing chemotherapy-related long-term
toxicities in these young subjects [3, 4]. One of the major
concerns in HL is chronic treatment-related respiratory
impairment, associated with bleomycin [5–8] and medias-
tinal irradiation. The present study investigated long-term
respiratory complications of the most recent chemoradio-
therapy for HL, focusing on patients currently treated with
either adriamycin, bleomycin, vinblastine, and dacarbazine
(ABVD) or the novel regimen, BEACOPP, aiming to define
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the potential "price" of these very efficient emerging
therapies.

Patients and methods

The study was approved by the IRB of the Rambam
Medical Center (approval number 3035). The departmental
lymphoma database was searched for all patients diagnosed
with HL between 1999 and 2005, who received a first-line
therapy and remained in complete remission. Patients
meeting these criteria were invited to sign an informed
consent and participate in the trial. The study period was
chosen to ensure a sufficient follow-up of at least 3 years
since therapy completion that would enable a reliable
assessment of long-term treatment-related respiratory com-
plications. Patients participating in the study were prospec-
tively assessed in terms of their respiratory status.

Data collection

The majority of patients diagnosed with HL between 1995
and 2005 participated in the previously reported phase II
clinical trial (National Clinical Trial (NCT) 305149) [9].
Therefore, data on most of the patients (n=51, 76%), apart
from findings related to their current pulmonary function,
were retrieved from the Case Report Forms (CRFs), filled
in prospectively at the time of diagnosis and treatment in
the setting of the NCT 305149 study. For the individuals
who had not taken part in the prior trial, relevant data were
retrospectively collected from original medical files. The
review of patient information focused on the following
parameters: previous history of lung disease (prior to HL
diagnosis), smoking, HL lung involvement, preexisting
renal impairment, HL treatment protocol, cumulative dose
of bleomycin (measured in milligrams per square meter),
administration of mediastinal radiotherapy, including radio-
therapy dose, as well as infectious and noninfectious
respiratory complications reported during treatment.

HL treatment protocol

All participants were treated with bleomycin-containing
regimens, which were chosen according to the patient risk
factors at diagnosis. Standard-risk patients received ABVD
(doxorubicin 25 mg/m2, bleomycin 10 mg/m2,vinblastine
6 g/m2, and dacarbazine 375 mg/m2) given with dexameth-
asone 20 mg every 14 days. Patients treated with tailored
BEACOPP received either standard BEACOPP (SB) or
escalated BEACOPP (EB) (bleomycin 10 mg/m2, vincris-
tine 1.4 mg/m2, procarbazine 700 mg/m2, and prednisone
280 mg/m2 for both SB and EB; etoposide 300 mg/m2 in
SB and 600 mg/m2 in EB; doxorubicin 25 mg/m2 in SB and

35 mg/m2 for EB, cyclophosphamide 650 mg/m2 for SB or
1,250 mg/m2 in EB). Therapy was tailored according to
pretreatment risk assessment and changed according to
interim scintigraphy as previously reported [9]. High-risk
subjects presenting with an international prognostic score
(IPS) of ≥3 [10] were initially treated with two cycles of
EB, and patients with IPS 0–2 received two cycles of SB.
Following interim scintigraphy, additional four cycles of
SB were given to patients with a negative result, and only
those with a positive study received four cycles of EB. A
total of six cycles of BEACOPP were given. Adjuvant
mediastinal radiotherapy was administered to patients
presenting with a bulky mediastinal disease (≥10 cm).

Pulmonary assessment

Enrolled patients were examined by a single pulmonary
physician and underwent a detailed respiratory evaluation,
including pulmonary function tests. Patient medical history
was analyzed, with a special emphasis on current respira-
tory symptoms, including cough, recurrent pulmonary
infection, and dyspnea. Dyspnea intensity was rated using
the modified Borg scale [11] and the Medical Research
Council (MRC) Dyspnea scale [12, 13].

Lung function tests included oxygen saturation, mea-
sured at rest, during and after completing 5 min of exercise,
diffusing capacity of carbon monoxide (DLCO), vital
capacity (VC), total lung capacity (TLC), forced volume
vital capacity (FVC), forced expiratory volume in 1 s
(FEV1), and FEV1/FVC. Pulmonary function was evaluat-
ed according to the American Thoracic Society standards,
using a single piece of equipment: ZAN, Messgeräte
GmbH, Germany. The system was calibrated daily accord-
ing to the guidelines [14–18]. DLCO was measured by a
standard single-breath method and corrected for the
hemoglobin level. All pulmonary function values, except
for the FEV1/FVC ratio, were presented as percentages of
the predicted values. Predicted values were adjusted for
sex, age, height, and weight. FVC, FEV1, TLC, FEV1/
FVC, and DLCO were classified into two categories: above
versus equal or below 70%. The diffusion coefficient was
estimated as the DLCO/alveolar volume ratio.

Statistical analysis

Statistical analysis was performed using SPSS version 17.
Descriptive statistics included means, standard deviations,
and frequencies. Independent sample t tests were used to
analyze differences between central variables by treatment
type groups and toxicity groups. Correlation analysis was
done by using the Pearson rank correlation test. A
correlation coefficient was considered to be positive if
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higher than 0.1. Univariate regression analysis was
performed.

Results

One hundred and seventy-six HL patients were treated at
the Rambam Medical Center during the study period.
Eleven patients died: seven due to disease progression or
relapse and four due to lymphoma-unrelated causes, while
being in complete remission (one cardiac event, one
carcinoma of the breast, one acute myeloid leukemia, and
one suicide). One hundred and sixty-five patients were
found to be potential candidates for the study. Fourteen
patients were contact failures, 82 individuals were not
interested in participating in the study, and 67 agreed and
completed the study.

Patient characteristics of the whole study group as well
as in correlation with the treatment protocol are presented
in Table 1. The median age at diagnosis was 30 years (19–
79). A medical history of smoking, previously existing lung
disease, and HL-related lung involvement was recorded in
23 (34%), 5 (7.5%; 3 childhood asthma, 1 unexplained
recurrent episodes of pneumonia, and 1 radiological
findings compatible with "old tuberculosis"), and 2 (3%)
patients, respectively. None of the patients presented with a
preexisting kidney impairment. Forty-six patients received
six cycles of tailored BEACOPP (24 patients, six cycles of
SB; 4 patients, six cycles of EB; 12 patients, two cycles of
EB+four cycles of SB; 6 patients, two cycles of SB+four
cycles of EB). Twenty-one were treated with the ABVD
regimen. Three patients, treated with two courses of EB
followed by four courses of ABVD, were analyzed in the
ABVD group. It is noteworthy that patients included in this

Table 1 Patient characteristics

Total (67) ABVD (21) BEACOPP (46) P value

Gender (male/female) 40/27 12/9 28/18 NS

Age (years, mean ,±SD) 13±,38 38±15 38±11.5 NS

Smoking 23(34%) 7(33%) 16(35%) NS

Previous lung disease 5(7%) 0 5(11%) 0.02

Stage of HL) freq)

I 1(1.5%) 0 1(2.2%) NS

II 39(58%) 15(71.5%) 24(52%) NS

III 7(10.5%) 3(14%) 4(9%) NS

IV 17(25%) 1(5%) 16(38%) 0.01

Unknown 3(4.5%) 2(9.5%) 1(2%) NS

HL-Lung involvement 2(3%) 1(5%) 1(2%) NS

Bleomycin dose(mg/m2)

60 46(69%) 0 46(100%) 0.000

80 7 7(33.3%) 0 0.000

100 2 2(9.5%) 0 0.000

120 12 12(57%) 0 0.000

Mantle cell radiotherapy 34(51%) 12(57%) 22(48%) NS

Radiotherapy dose (cGy) 2895±50 2682±22 2992±57 0.03

Respiratory symptoms during therapy

BPT 4 3(14%) 1(2%) 0.000

Infections 4 0 4(9%) 0.000

Unspecified 4 2(9.5%) 2(4%) 0.000

Abnormal lung function test

Total 97 4(19%) 5(11%) NS

VC(%) 1 (5%) 6 (13%) 0.01

TLC(%) 6 2 (9.5%) 4(8.6%) NS

DLCO(%) 9 4(19%) 5(11%) NS

Time from treatment cessation to respiratory assessment (months) 61±26 49±22 66±27 0.01

BPT bleomycin pulmonary toxicity (acute and sub-acute)
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study were treated according to their risk group, irrespec-
tive of a previous history of lung disease.

Thirty-four patients (51%) received adjuvant radiothera-
py involving the mediastinum (median dose, 2,895.62 cGY;
ranging between 2,500 and 4,320). Acute and subacute
treatment-related respiratory complications were reported in
12 patients (18%: 4 developed lung infection, 4 experienced a
bleomycin-related pulmonary toxicity (BPT), and 4 were
categorized as having nonspecific respiratory symptoms).

The median follow-up from completion of chemotherapy
to respiratory assessment was 57 months. Abnormal lung
function tests were detected in 14 patients (20.8%). Five
patients were excluded from further analysis due to a non-
parenchymal dysfunction: two diaphragmatic paralysis, one
morbid obesity, one musculoskeletal disease, and one post-
pleurodesis. Parenchyma-related abnormal lung function tests
were recorded in nine patients (13%).The characteristics of
these nine patients, six asymptomatic and three symptomatic
(functional dyspnea, MRC 1; Borg dyspnea 2), are presented
in Table 2. Median age at diagnosis of the “respiratory-
impaired cohort” was 34 years, ranging from 26 to 52 years.
Five patients were treated with tailored BEACOPP: three
patients received six cycles of SB; one patient, two cycles of
EB+four cycles of SB; and one patient, two cycles of EB+
four cycles of SB. Four individuals were treated with the
ABVD regimen. The cumulated dose of bleomycin for all
patients, except for one, approached 60 mg/m2. Six patients,
three in the BEACOPP cohort and three in the ABVD
cohort, also received adjuvant mediastinal radiotherapy
postchemotherapy, with a median dose of 2,876 cGy
(range, 2,500–4,320 cGy). None of the patients suffered
from lung disease prior to the HL diagnosis. However,

three patients experienced bleomycin pulmonary toxicity
(BPT)—two treated with ABVD and one treated with
BEACOPP. BPT was successfully managed with discon-
tinuation of bleomycin and administration of steroids.

Risk factors for treatment-related respiratory impairment

A univariate analysis, including patient characteristics,
disease- and treatment-related parameters (Table 3), identified
a previous history of BPT to be the only statistically
significant factor for long-term therapy-related respiratory
impairment (75% vs. 10%, respiratory rate (RR)=28; 95%
confidence interval (CI), 2.5–313). However, the incidence
of abnormal lung function tests tended to be higher in
patients receiving mantle field irradiation (18% vs. 9%, RR=
2.22, CI 0.5–9.7), those who experienced treatment-related
respiratory infections (25% vs. 13%, RR=2.25,CI 0.2–24),
patients treated with ABVD compared to BEACOPP (19%
vs. 11%, RR=1.9,CI 0.45–7.8), and males vs. females
(11.5% vs. 15%, RR=1.35,CI 0.37–6; Table 3). Remarkably,
the higher incidence of long-term respiratory impairment in
the ABVD cohort was not directly related to the increased
bleomycin dose used in this therapeutic regimen. The
bleomycin dose received by patients with a detected
respiratory impairment was not higher than that administered
to patients who did not develop respiratory dysfunction.

Discussion

Hodgkin lymphoma has become a curable malignancy in the
vast majority of patients. Broad application of the ABVD

Table 2 Characteristics of patients who developed long-term respiratory impairment

Pt
No

Age
(yrs)

Sex Medical history HL treatment details Respiratory assessment

Smoking
history

Previous
lung disease

Treatment
protocol

Bleomycin
accumulative dose
(mg/m2)

RTx dose
(cGy)

BPT Symptoms DLCO
(%)

TLC
(%)

VC
(%)

1 26 f No No ABVD 120 2700 No − 68 N N

2 27 m No No BEACOPP
(2×EB+4×SB)

60 0 No Functional dyspnea 63 N N

3 30 m No No BEACOPP (6×SB) 60 2500 Yes − 65 N N

4 30 m Yes No ABVD 80 0 Yes − 70 N 75

5 33 m Yes No ABVD 80 2520 No − 61 N N

6 46 f Yes No BEACOPP (6×SB) 60 0 No − 63 N N

7 45 f No No BEACOPP (6×SB) 60 2700 No − 69 N N

8 35 m No No BEACOPP
(2×SB+4×EB)

60 4320 No Functional dyspnea 46 69 61

9 52 m Yes No ABVD 120 2520 Yes Functional dyspnea 63 N N

BPT bleomycin pulmonary toxicity; DLCO diffusing capacity of carbon monoxide; N normal; RTx radiotherapy; TLC total lung capacity; VC vital
capacity, EB escalated BEACOPP, SB standard BEACOPP
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regimen, and more recently, the BEACOPP protocol, has led
to essential progress in the outcome of HL patients, with a 10-
year progression-free survival and OS of up to 80% and 86%,
respectively [2]. Such remarkable survival rates highlight the
need to address the issue of preventing long-term sequels in
these young subjects. HL therapy is known to be associated
with the development of respiratory toxicity [8]. Acute and
subacute bleomycin pulmonary toxicity, observed in approx-
imately 20% of patients receiving ABVD, has been
suggested to significantly elevate the treatment-related
mortality and decrease the survival rate [5–8]. Older age
(>40 years), smoking, a previously existing lung or renal
impairment, mantle field radiotherapy, and granulocyte
colony-stimulating factor (G-CSF) treatment were found to
further increase the risk for BPT [8]. The low incidence of
BPT in our series, approaching 6% (n=4), may be
attributable to the high number of patients treated with
BEACOPP, in whom the occurrence of BPT was sevenfold
lower than that recorded in patients receiving ABVD (p=
0.000). The incidence of BPT in the ABVD cohort, where
prophylactic dexamethasone was administered prior to
bleomycin, was similar to that reported in previous series
(14%) [7, 8, 19], suggesting a single dose of dexamethasone
to be insufficient for preventing BPT in patients receiving
the “ABVD bleomycin dosage” [20]. The remarkably low

BPT severity observed in these subjects may imply that this
“steroid prophylactic” approach could be potentially efficient
in reducing the BPT degree.

Notably, despite the concurrent administration of poten-
tially "pulmonary-toxic" drugs as part of the BEACOPP
regimen (bleomycin, procarbazine [21], etoposide [22], and
G-CSF, increasing the risk of BPT), the incidence of BPT in
patients receiving this regimen was very low, approaching
2% only. A similar combination therapy called BEAGOPP,
in which etoposide was substituted with gemcitabine, was
shown to significantly increase that risk (30%), emphasiz-
ing the impact of drug interaction on therapy-related
toxicities [23].

The low frequency of BPT observed in patients treated
with BEACOPP is most probably attributable to the smaller
dose of bleomycin administered in this regimen. Further-
more, the BEACOPP regimen contains a relatively high
steroid dose, administered sequentially over a longer
period, suggesting this steroid regimen to be more efficient
in preventing BPT.

In contrast to the vast data on therapy-related acute and
subacute respiratory toxicity, there is a paucity of studies
analyzing long-term respiratory complications in the new
therapeutic era. A previous trial, one of the very few in this
field, in which 51 patients underwent pulmonary function

All N=66 Abnormal N=9 RR CI P

Age

<30 20 2(10%) N.S
30-49 33 6(18%) 2 0.36–11

>50 13 1(8%) 0.75 0.06-9.2

Gender

Male 40 6(15.0%) 1.35 0.37–6 N.S
Female 26 3(11.5%)

Smoking

Yes 23 6(13%) 1 0.21–4 N.S
No 43 3(14%)

Previous BPT

Yes 4 3(75%) 28 2.5–313 0.007
No 62 6(10%)

Treatment related infection

Yes 4 1(25%) 2.25 0.20–24 N.S
No 62 8(13%)

Therapy protocol:

ABVD vs 21 4(19%) 1.9 0.45–7.8 N.S
BEACOPP 45 5(11%)

Mantle radiation

Yes 33 6(18%) 2.22 0.50–9.7 N.S
No 33 3(9%)

Bleomycin dose

60-80 53 7(13%) 1.2 0.2–6.5 N.S
100-120 13 2(15%)

Table 3 Risk factors for long-
term respiratory impairment

RR relative risk, BPT bleomycin
pulmonary toxicity
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tests at 3.9 years post-MOPP/ABVD (a relatively “histor-
ical” therapy), revealed a reduced diffusion capacity in
7.8% of patients [4]. Studies exploring the impact of
modern therapeutic regimens, such as BEACOPP, on
long-term respiratory complications, are extremely rare.

In our series, including 21 “ABVD and 46 “BEACOPP”
patients, the incidence of a symptomatic long-term respira-
tory dysfunction was 4.4% (n=3) only. These patients
experienced grade I functional dyspnea, associated with a
decreased DLCO (n=3) and reduced VC (n=1) or TLC (n=
1). Lung function tests revealed an occult respiratory
dysfunction in six more patients, suggesting a 13.4% risk
for chronic lung impairment in patients treated with ABVD
or BEACOPP.

The follow-up duration for patients in the ABVD cohort
was shorter than for patients treated with BEACOPP (49 vs.
66 months), which may theoretically contribute to the
observed higher incidence of chronic lung impairments in
the ABVD group, assuming that the damage could be
attenuated over time. However, given the long enough
duration of the follow-up of the ABVD patients, approach-
ing 5 years, the chances for respiratory improvement turn
out to be low.

The univariate analysis, looking at potential risk factors
for long-term respiratory impairment, found a previous
history of bleomycin pulmonary toxicity to be the only
statistically significant factor (75% vs. 10%, p=0.007, RR=
28, 95% CI 2.5–313; Table 3). However, the incidence of
abnormal lung function tests tended to be higher in male
subjects, patients receiving mantle field irradiation, subjects
experiencing respiratory infection while receiving chemo-
therapy, and those treated with ABVD (Table 3).

Our difficulty to detect statistically significant risk
factors for long-term respiratory impairment apart from
previous BPT is in all likelihood attributable to the small
number of patients analyzed, rather than to the bias effect
caused by missing information associated with the retro-
spective nature of the study or to the lack of lung function
tests at treatment initiation. Actually, the data on the
majority of patients (76%) were collected prospectively
since these subjects participated in the NCT 305149 study
where the treatment protocol, chemotherapy dosage,
therapy-related complications, and outcome were recorded.
Hence, these findings are considered complete and reliable.
The lack of direct correlation between the accumulated
bleomycin dose and the risk for a chronic respiratory
dysfunction appears to reflect the fact that only a minority
of patients in our cohort received a medication dose higher
than 80 mg/m2.

Another potential limitation of the study is the lack of
“baseline lung function tests” performed prior to the
administration of chemoradiotherapy. However, given the
young age of the participants and absence of a preexisting

lung disease (based on patients’ records and CRFs), we
assume that the frequency of abnormal lung function tests
prior to therapy was extremely low. Therefore, the 13.4%
incidence of respiratory impairment observed at 6 years
posttreatment is likely to reflect a true, acquired treatment-
related toxicity. However, this chronic respiratory impair-
ment was clinically minor, suggesting current therapies to
be relatively safe.

Previous history of BPT appeared to be associated with
a remarkably high risk for long-term respiratory impair-
ment, emphasizing the need for preventing this treatment-
related complication. Indeed, the BEACOPP regimen,
where the bleomycin dose is reduced, is associated with a
significantly lower risk for BPT compared with ABVD.
Furthermore, several studies, where bleomycin was
preemptively discontinued, reported a non-inferior out-
come in study participants [8]. The UK NCRI–Nordic
Lymphoma Study Group (RATHL trial) and the German
Study Group are currently investigating whether the
bleomycin dose can be significantly reduced or even
omitted in patients with advanced and early disease,
respectively, aiming to decrease treatment-related toxicity.
BEACOPP appears to be “respiratory safer” than ABVD;
however, reduction of long-term respiratory complications
in HL survivors remains one of the crucial issues that need
to be tackled.
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