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ABSTRACT
Background: Survivors with HL express higher morbidity and mortality rates than the general population of comparable age, 
mainly because of the late cardiological and pulmonary complications associated with the duration and character of previously 
administered therapy. The objectives of this study are to determine changes in cardiac and pulmonary functions in patients with 
Hodgkin’s lymphoma treated with chemotherapy with or without mediastinal radiation therapy.
Patients and Methods: The study includes 287 patients with Hodgkin's lymphoma. An analysis of the ECG, echocardiography 
and spirometric examinations were utilized for the detection of potential cardiac and pulmonary late complications, resulting from 
the treatment of patients, following long-term remissions.
Results: Late adverse effects are a factor that further increases morbidity and mortality in our surviving HL patients. In 20.8% 
of the patients, heart disease was detected. It is confirmed that the total dose of doxorubicin influences the onset of late car-
diac complications with statistical significance. Late cardiac adverse events occurred in 17.3% of our patients, who received a 
cumulative dose of doxorubicin greater than 200 mg/sq.m. Patients who received additional mediastinal radiotherapy, had an 
incidence of heart disease twice higher than patients who received chemotherapy only. In our analyzed series of patients, 24.7% 
manifested pulmonary toxicity and in 12.7%, a severe degree of pulmonary ventilatory failure was detected. With regard to the 
latter findings, we also confirm that patients who are receiving bleomycin develop significantly more pulmonary disorders, com-
pared with patients who are receiving chemotherapy regimens without bleomycin. 
Conclusion: Improvements have been introduced in formulating certain drugs, so that cardiotoxic effects are reduced or with 
diminished intensity, or even completely omitting them and replacing them with a less or non-toxic drug. With regard to radio-
therapy, size and shape of radiation fields can be precisely customized and dose reduction became acceptable. Despite the 
progress achieved regarding treatment outcomes in HL patients, due to the optimization of therapeutic protocols, the issue of 
potential side effects, arising as a treatment consequence, remains a concern.
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INTRODUCTION

HL is very sensitive to chemotherapy and radiation, but 
treatment-related toxicity raises serious concerns and has a 
negative impact on the quality of life and the long term over-
all survival1. Late complications due to toxicity attributable 
to therapy are a major cause of late morbidity and mortal-
ity. Survival is expected to be long enough for patients to 
carry a lifetime risk of late treatment-related complications. 
Generally, more serious late complications of treatment are 
secondary malignancies, cardiac, pulmonary complications 
and infertility2-5.

A major challenge today is the reduction in mortality from 
cardio-pulmonary complications arising following treat-
ment. The goal of high quality care is to minimize the ad-
verse effects of treatment, while simultaneously maximizing 
the disease cure rate.

Many published reports and many relevant studies analyz-
ing large groups of patients, have proven that the toxicity of 
otherwise successful treatment options ranks cardiovascu-
lar disorders as the most common non-malignant cause of 
death in these long-term survivor patients with Hodgkin’s 
lymphoma.
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Patients with Hodgkin’s lymphoma, whose overall survival 
is longer than 5 years, have a 3 to 5 times higher incidence 
of several cardiovascular disorders, compared to the general 
population. The 25-year cumulative incidence of heart dis-
ease is 7.9% after combined chemotherapy and radiothera-
py6.

Anthracyclines are one of the most widely prescribed, as 
well as among the most effective anticancer agents for the 
treatment of multiple solid tumors and hematological malig-
nancies. Doxorubicin, as a chemotherapeutic, belongs to the 
family of anthracycline-type drugs and is a key component 
of chemotherapy regimens used in the treatment of Hodg-
kin’s lymphoma. Although it is the most active substance and 
an essential component in the treatment of Hodgkin’s lym-
phoma, unfortunately, life-threatening (lethal) cardiotoxic-
ity continues to compromise its overall value. Despite many 
years of research, the exact mechanism of cardiotoxicity has 
not been fully elucidated. It is widely considered that doxo-
rubicin is binding to iron, forming an intracellular complex, 
which catalyzes the production of highly reactive radicals 
that cause oxidative damage to myocytes.

The cardiotoxicity of doxorubicin is exponentially propor-
tional to the dose administered. Heart failure will develop 
in approximately 30% of patients who receive a cumulative 
dose higher than 550 mg/sq.m. doxorubicin, and only in 4% 
of patients who receive a lower cumulative dose7-9. Cumula-
tive doses of doxorubicin in the two most widely used chem-
otherapy regimens for Hodgkin’s lymphoma, over 6 cycles 
of ABVD and 6 cycles of escalated BEACOPP regimen are 
300 mg/sq.m. and 210 mg/sq.m. However, there is no safe 
dose for doxorubicin, because asymptomatic ventricular 
damage may occur even in patients receiving lower doses of 
doxorubicin, as a result of myocyte loss and interstitial fibro-
sis. This is confirmed by a study in which endomyocardial 
biopsy revealed typical histopathological changes at doses 
of doxorubicin <300 mg/sq.m. as well10.

Mediastinal radiation plays an important role in the high cure 
rate of patients with Hodgkin’s lymphoma, but carries a high 
prevalence of symptomatic and preclinical or asymptomatic 
heart disease, increasing the risk of late heart disease by 2-7 
times. The complications after radiation therapy are thought 
to be due to inflammation and fibrosis caused by radiation 
over certain cardiac structures, with signs and symptoms that 
become evident several years after the treatment is complet-
ed. Radiotherapy and anthracyclines have shown additive 
cardiotoxicity11.

In the literature, the frequency of pulmonary toxicity is 
about 10-25% and is manifested as pneumonitis or progres-
sive pulmonary fibrosis. The incidence is related to the total 
cumulative dose of bleomycin, advanced patient age and a 
previous history of pulmonary disease. The immediate bleo-
mycin toxicity-related mortality is about 1%. Patients with 

lung disease caused by bleomycin have a 5-year overall sur-
vival of 63%, versus 90% in patients who did not develop 
bleomycin-induced lung damage12-16.

METHODS

The study incorporates data on 287 patients with Hodgkin’s 
lymphoma, all diagnosed and treated at the University Clinic 
of Hematology in Skopje from 2005 to 2015, with further 
follow up until the end of 2018. A majority of the patients 
(91.6%) received ABVD and 27.5% of patients initially re-
ceived adjuvant mediastinal radiotherapy. Patients partici-
pating in the study should meet the following criteria to be 
included: age >14 years, documented histopathological di-
agnosis i.e., initial diagnosis of Hodgkin’s lymphoma, valid 
medical documentation with clinical and laboratory data on 
the primary disease, administered therapy as well as the clin-
ical follow-up data of the patient. Patients who experienced 
long-term remissions underwent the following procedures:

•	 ECG and echocardiography are the most widely non-
invasive methods used for cardiac evaluation and as-
sessment of anthracycline-induced cardiotoxicity.

•	 Spirometry for functional lung assessment.

Cardiologists and pulmologists analyzed echocardiograms 
and spirograms. All patients had cardiac and pulmonary 
evaluation prior to the start of chemotherapy and showed no 
sign of disease. Patients who had active heart or lung disease 
were excluded from the study prior to treatment. Assessment, 
toxicity analysis, distribution of late types of complications 
and non-neoplastic complications (cardiac, pulmonary com-
plications), following both chemotherapy and radiotherapy, 
which became notable in our patient population during the 
follow-up and observation period, were the points of inter-
est of this study. Data was compared with relevant literature 
reports, in order to assess the rate of complications in our 
population, versus data reported in respectable journals.

The statistical program SPSS 17.0 was used for performing 
general and specific statistical analyses. Databases were cre-
ated in standard and generally available software programs. 
Standard descriptive and analytical methods were used for 
data presentation and preparation for analyses. The Shapiro-
Wilk`s test was used for determination of statistical signifi-
cance for p less than 0.05. The results are presented in tables 
and graphics.

RESULTS

Post-therapy echocardiography, ECG and cardiac examina-
tion were performed in 168 patients with HL. In 79.2%, or 
133 patients, a regular cardiac finding was recorded and 
in 20.8%, or 35 patients, a cardiac disorder was detected, 
mainly cardiomyopathy (40%), shown in Table 1.
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Table 1: Distribution of HL patients related to cardiac 
complications
Echo and cardiological examination No %

Completed 168 100.0

Finding

Normal finding 133 79.2

Heart disorder 35 20.8

CMP 14

Initial mitral and aortic stenosis 1

Significant mitral stenosis 2

Tricuspid regurgitation 1

Mitral and aortic regurgitation 1

Valve fibrotic changes 1

Left ventricular hypertrophy 1

Impaired LV relaxation 1

Mild contractile dysfunction 1

Cor pulmonale 1

Chronic pericarditis 1

AMI 2

Acute coronary syndrome 1

By pass 2

Carotid stenting 1

Arrhythmia 4

In principle, we have monitored the effect of radiation and 
assessed the long-term cardiac adverse effects. There is a 
definite relationship between the treatment modality, respec-
tively patients receiving chemotherapy alone and patients 
receiving combined therapy (chemo + radiotherapy) and 
the echocardiographic abnormalities, delineating the more 
intensely treated population as the one at higher risk, mani-
festing significant statistical difference with a p-value <0.05 
(Pearson Chi-square = 9.28892, p = 0.002305). In our popu-
lation, radiotherapy doubled the chances of cardiac compli-
cations.

Cardiac disorders occurred in 16% of the patients receiving 
chemotherapy alone and in 30% of patients who received 
combined modality treatment (Table 2).

Table 2: Presentation of the cardiological findings in 
the patients related to the therapeutic approach
Echo finding/ 
therapy

Chemotherapy 
No (%)

Chemo +  
radiotherapy

No (%)

Total No 
(%)

Normal 94 (84%) 39 (69.6%) 133 (79.2%)

Heart  
complications 

18 (16%) 17 (30.4%) 35 (20.8%)

Total 112 56 168 

Doxorubicin is a major incriminated cytotoxic drug regard-
ing post-chemotherapy heart disorders. Out of 35 patients 
with cardiac late adverse events reported, 29 received a total 
dose of doxorubicin >200 mg/sq.m. and 6 patients received 
a total dose of doxorubicin ≤200 mg/sq.m., the percentage 
difference being statistically significant with a p value <0.05 
(Difference test p = 0.0000)

Spirometry, for evaluation of pulmonary function after treat-
ment (chemotherapy alone or combined chemoradiothera-
py), was performed in 166 patients with HL.

Out of the HL patients who underwent spirometry, 75.3% had 
regular pulmonary function and 24.7% had impaired pulmo-
nary function. In 10.2% a mild degree of pulmonary ventilatory 
failure was reported. Severe degree of pulmonary ventilatory 
failure was reported in 12.7% of patients, while 1.8% reported 
a moderate degree of pulmonary ventilatory failure. Fibro-de-
formant bronchitis was registered in one patient (Fig.1).

Figure 1: Distribution of patients with HL related to spirometry.

No association was observed between the treatment modal-
ity (patients receiving chemo and chemo + radiotherapy) and 
the spirometry findings (Pearson Chi-square = 3.12810, p = 
0.372294).

Positive spirometric findings were reported in 41 patients, all 
receiving treatment with bleomycin. Of all the cases tested 
by spirometry, only 9 patients received AVD, i.e., bleomy-
cin-free chemotherapy and in those patients all spirometric 
tests were normal. According to the Fisher exact test, this 
finding carries statistical significance (p = 0.0494) (Table 3).

Table 3: Presentation of spirometric findings in pa-
tients treated with and without bleomycin
Spirometry/
therapy

Therapy with bleomycin 
-ABVD (No)

AVD 
(No)

Total 
(No)

Normal finding 116 9 125

Disorder 41 0 41

Total 157 9 166
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DISCUSSION 

HL survivors make up one of the largest groups of cancer sur-
viving patients in the World. However, surviving HL patients 
manifest a higher morbidity and mortality rate compared to 
the general age-matched population, due to the long-term 
therapy-related side effects. Improvements in the treatment 
(aggressively optimized treatment protocols) leave the ques-
tion of possible long-term adverse effects open, mainly re-
garding the risk of developing a second malignancy, the risk 
of non-neoplastic complications, cardiac and pulmonary, as 
well as the issue very important to patients, such as the risk 
of developing secondary infertility.

In this study, we evaluated the incidence of cardiotoxicity 
in a total of 168 patients with Hodgkin’s lymphoma, treated 
with chemotherapy, with or without adjuvant radiotherapy. 
We defined the characteristics of cardiac disorders and ana-
lyzed the risk factors contributing to the development of late 
adverse effects of treatment affecting the cardiac function. 
The utilized diagnostic procedures for evaluation of cardiac 
function, data regarding disease history, findings on physical 
examination, ECG and echocardiography results, revealed 
that 35 patients, or 20.8% of the total number, had devel-
oped verified valvular, myocardial and pericardial abnor-
malities. Of the total, 29 patients (17.3%) with documented 
late cardiac adverse events had received a cumulative dose 
of doxorubicin greater than 200 mg/sq.m. According to the 
Haddy study, 14% of the patients that received more than 
200 mg/sq.m. doxorubicin had developed left ventricular 
dysfunction17. Therapy-related adverse events in the long-
term follow-up validated the argument that doxorubicin is 
the primary responsible agent for acquiring heart disorders. 
There is no defined safe dose for doxorubicin, because of the 
fact that a subclinical form of cardiac toxicity also occurs in 
patients that had received lower doses of doxorubicin.

Reducing the risk of cardiotoxicity also means reducing the 
need for monitoring and specific cardiological treatment, 
which also means lowering the costs to the healthcare sys-
tem and most importantly, improving the quality of life for 
the patient. The strategy of minimizing the toxic effects of 
doxorubicin and maximizing the therapeutic benefits of 
this agent, incorporates identifying high-risk populations, 
limiting the cumulative dose, individualizing the dosing 
approach, controlling the administered dose (reduction of 
maximal plasma levels of doxorubicin with continuous in-
fusion reduces cardiotoxicity), use of liposomal formula-
tions or newer analogue anthracyclines, as well as the use 
of cardioprotectors during the course of treatment18. Cardiac 
dysfunction associated with the administration of doxoru-
bicin is treated much like the other forms of heart failure. 
Additional cardiotoxic drugs should be avoided, risk factors 
for cardiovascular disease should be reduced, blood sugar 
levels should be under control, hypertension also, lifestyle 

should be appropriately adjusted and cardiological medica-
tions should be used regularly.

To analyze the correlation between the type of therapy and 
the risk of heart failure, patients were categorized into non-
radiotherapy and radiotherapy groups.  A consequential con-
nection between supradiafragmatic radiation and late cardiac 
complications has been confirmed. The risk of cardiac com-
plications after radiation, in patients who have previously re-
ceived chemotherapy that contains doxorubicin, is twice as 
high. Significant adverse effects of radiotherapy have been 
confirmed in many other studies in patients with Hodgkin’s 
lymphoma who also received chemotherapy11. The duration 
of follow up in our study is comparable to other relevant 
studies, and is sufficient to estimate the impact of treatment 
on late cardiac disorders. However, in order to fully identify 
the magnitude of late cardiac adverse effects, an additional, 
longer follow up is required. The increased risk of heart fail-
ure persists longer after the completed treatment. According 
to a study, surviving patients with Hodgkin’s lymphoma are 
exposed to a high risk of developing various cardiovascular 
disorders, even 35 and more years following treatment. They 
have a 4 to 6 times higher risk of developing cardiovascular 
disorders compared to the standard incidence of heart failure 
in the general population19. Doctors and patients need to be 
aware and critical of controlling this progressively increas-
ing risk.

Bleomycin, as part of the ABVD regimen, can cause seri-
ous acute and chronic pulmonary toxicity. Although the in-
cidence of bleomycin-induced clinically relevant pulmonary 
toxicity is small, the doctors are concerned since the risk of 
developing it cannot be predicted. A total of 166 patients 
with HL were analyzed for pulmonary complications after 
chemotherapy only and combined modality (chemo + radio-
therapy) treatment. A pulmonary function reduction has been 
detected in almost 24.7% of the cases, and we emphasize the 
fact that in 12.7% of patients, the disorder is defined as a 
severe degree of pulmonary ventilation insufficiency. In this 
study, we found no significant effect of radiotherapy on the 
development of functional pulmonary diseases.

There is a significant difference in the risk for patients that 
received bleomycin, compared to those who had not received 
bleomycin (the group where bleomycin was discontinued 
due to drug hypersensitivity). Bleomycin plays an influential 
role in the occurrence of secondary pulmonary adverse ef-
fects. In practice, bleomycin toxicity can be reduced only if 
continuous measurements of diffusing capacity of the lungs 
for carbon monoxide (DLCO) are performed during treat-
ment: if the capacity is reduced by 10% or more, bleomycin 
should be omitted in the further cycles of chemotherapy20,21. 
However, CO diffusion capacity is rarely monitored in pa-
tients undergoing ABVD chemotherapy. Under such circum-
stances, spirometry (pulmonary function tests) is a useful 
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method for identification of patients who are developing ble-
omycin-induced toxicity and reduction in certain parameters 
may correlate with radiological changes and development 
of symptoms12,22. No matter what the real value of bleomy-
cin in ABVD is, the replacement of bleomycin with bren-
tuximab (Brentuximab + AVD) has been proven justifiable, 
since improved efficacy of this chemotherapy approach has 
been well documented23. The US Food and Drug Administra-
tion (FDA) approved brentuximab vedotin in March 2018 
in combination with chemotherapy, for previously untreated 
patients with stage III or IV HL, which is an improvement of 
the initial standard treatment strategy (ABVD), introduced 
into clinical practice over 40 years ago.

The distribution of late cardiac and pulmonary complications 
and the comparison with relevant literature data, have shown 
comparable levels of occurrence as in the rest of the World 
population.

There is a strong tendency in recent years to adopt a gen-
eral standpoint that improving the level of antitumor effi-
cacy should be adequately compensated by minimizing the 
possibilities of developing immediate and late cardiac and 
pulmonary adverse events, as well as with minimizing fatal 
outcomes.

CONCLUSIONS

With the exception of some centers, contemporary medicine 
recommends two chemotherapy regimens for induction of 
remission in HL patients, and the scale of implementation 
depends on the region where one practices medicine. Having 
the experience of using both regimens widely and for a sub-
stantial period of time, today we are in the position to reflect 
on their positive effects and benefits for the patients, but also 
on their adverse effects. Knowing both aspects of their pos-
sibilities, contemporary tendencies are aimed at optimiza-
tion of chemotherapy regimens, by means of dose reduction 
or absolute exclusion of toxic components and substitution 
with non-toxic and maybe even more potent drugs, based on 
completely different principles of action. A positive example 
is the elimination of bleomycin from both regimens and the 
introduction of AVD and the BrECADD regimens, as well 
as the trends towards incorporating novel agents, such as 
checkpoint inhibitors in treatment protocols.
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