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Hodgkin’s lymphoma (HL) is one of themost curable hematologic diseases with an overall response rate over 80%.However, despite
this therapeutic efficacy,HL survivors showahighermorbidity andmortality than other people of the same age because of long-term
therapy-related events. In the last decades, many efforts have been made to reduce these effects through the reduction of chemo-
therapy dose, the use of less toxic chemotherapeutic agents, and the introduction of new radiation techniques. In this paper, we will
describe the main long-term effects related to chemotherapy and radiotherapy for HL, the efforts to reduce toxicity made in the last
years, and the clinical aspects which have to be taken into consideration in the followup of these patients.

1. Introduction

During the last decades, survival of patients (pts) treated for
classical Hodgkin’s lymphoma (HL) has improved substan-
tially, getting nowadays to an overall cure rate of 80%–85%,
with peaks of more than 90% in early stages.

Despite high rates of response, HL survivors have increas-
ed morbidity and mortality compared to the general popu-
lation because of therapy-related side effects. Late complica-
tions of treatment are reported since the 70s and include car-
diovascular diseases, lung diseases, endocrine abnormalities
and secondary malignancies [1, 2].

The aim of this paper is to systematically summarize the
available data on long-term events in patients treated for HL.
To this aim, we performed a systematic PubMed search
(http://www.pubmed.gov/) using the keywords “long-term
events,” “Hodgkin’s lymphoma,” and “late toxicity.” All rele-
vant articles were included and were reviewed with reference
to cardiovascular and pulmonary diseases, thyroid and fertil-
ity dysfunctions, and second cancers related to chemotherapy
and radiotherapy.

2. Cardiovascular Diseases

In HL pts treated with anthracyclines and/or mediastinal
radiotherapy (RT), an increased mortality due to cardiac dis-
eases has been frequently reported [3–5].

Anthracyclines can cause cardiomyopathy, valvular and
conduction defects [6]. These clinical manifestations are
caused by myocyte loss and interstitial fibrosis leading to
decreased left ventricle (LV) contractility, reduced ventricular
wall thickness, and progressive LV dilation. Cancer survivors
who received anthracycline combinedwithRT treatmentmay
have an impaired quality of life, develop heart failure, or
eventually die for cardiac complications. Earlier studies have
demonstrated that the risk of developing clinical heart failure
15 years after anthracycline therapy for childhood cancer was
estimated to be approximately 5% [7].

Regarding this issue in HL, Swerdlow and colleagues
analyzed a cohort of 7,033HL patients treated in UK since
1967 to 2000 and found a higher risk ofmyocardial infarction,
compared to the general population [8]; the risk of death
from myocardial infarction reached a peak 15–19 years after
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treatment and remained significantly increased until 25 years
after treatment. Risks were statistically increased significantly
and independently for patients who had been treated with
anthracyclines and supradiaphragmatic radiotherapy and
were particularly high for patients treated with doxorubicin,
bleomycin, vinblastine, and dacarbazine (ABVD) regimen.

In our experiencewithABVD, the cumulative risks of car-
diovascular events at 5 and 12 years are 5.5% and 14% res-
pectively, with a median time of 67 months [2].

A recent study by Tsai et al. [9] demonstrated a persistent
decrease in LV function amongHL survivors who underwent
mediastinal RTwith orwithout chemotherapy and confirmed
that anthracycline treatment deteriorates RT-associated long-
term myocardial dysfunction. In this study, echocardiogra-
phy was performed in 47 HL survivors more than 20 years
after successful mediastinal RT (20 of them had been treated
with doxorubicin containing regimens) and in 20 healthy
controls. LV functionwas assessed by the LV ejection fraction
and global longitudinal and circumferential strains. The
global longitudinal strain was reduced in pts receiving
anthracycline with mediastinal RT compared to the group
receiving mediastinal radiotherapy alone or radiotherapy
combined with chemotherapy regimens without anthracy-
clines. Both patient groups had reduced circumferential
strain compared to the healthy controls.

As described by studies previously cited, RT itself can
induce coronary artery disease, myocardial fibrosis leading
to restrictive cardiomyopathy, valvular damage, and cardiac
autonomic dysfunction. In order to reduce the toxicity, exten-
sion of the irradiation fields has been limited over the years.
However, in pts with mediastinal disease, involved field RT
(IFRT) reduces the overall cardiac dose compared with
mantle RT, but not necessarily the dose to the proximal coro-
nary arteries. This relates to the initial descriptions of IFRT,
which included hilar and subcarinal lymph nodes for all cases
withmediastinal disease, even if these sites were not involved.
Treatment of these regions would typically encompass the
superior third of the heart. Therefore, whereas IFRT may
reduce the morbidity caused by damage to the valves and the
microvasculature within the myocardium, it is not clear
whether the risk of coronary artery disease will be
substantially reduced among pts receiving mediastinal
radiotherapy.

Many efforts have been made to reduce cardiotoxicity
without reducing treatment efficacy: for example, involved-
node RT (INRT) technique encompasses the postchemother-
apy volumes of the initially involved nodes, not the entire
nodal regions. For pts with anterior mediastinal disease,
INRT often allows further reduction in normal tissue dose
compared with IFRT, due to the exclusion of uninvolved
hilar and subcarenal nodes. A small study comparing normal
tissue doses delivered with IFRT and INRT found that the
latter resulted in a reduction in mean heart dose of 50%
[10].

Another way to reduce cardiotoxicity is to decrease
chemotherapy and RT dosages in pts with favorable early-
stage disease. In a recent study published by the German
Hodgkin Study Group (GHSG), it was demonstrated that 2
cycles of ABVD combined with RT 20 gray (Gy) are less toxic

than 4 cycles of ABVD and 30Gy but comparable in term of
outcome [11].

In pediatric and adult pts receiving potentially car-
diotoxic chemotherapy, the American Heart Association rec-
ommends routinely performs echocardiography at baseline
and at every recurrence (class I recommendation). Adult
survivors should undergo screening evaluations every 5
years, and pts with abnormal results should be monitored
yearly.

Moreover, also traditional cardiac risk factors (for in-
stance diabetes, hypercholesterolemia, hypertension, and
smoking) increase the risk of heart disease among HL sur-
vivors. In a study of pts undergoing mediastinal RT, Glanz-
mann et al. found that the risk of cardiac events was signif-
icantly increased only among those pts with cardiac risk fac-
tors [12]. Similarly, 2 other studies found that all pts who de-
veloped coronary artery disease after mediastinal RT had at
least one conventional risk factor [13, 14]. It is therefore essen-
tial for cured HL pts to minimize the cardiovascular diseases
risk factors.

3. Lung Diseases

The combination of mediastinal RT with chemotherapy
including bleomycin is associated with an increased risk of
pulmonary toxicity with a median interval of 18 months from
the end of RT [2]. In a prospective study at Memorial Sloan-
Kettering Cancer Centre, 60 pts received 6 cycles of ABVD
and 30 of them received mantle or mediastinal RT [15]. Pul-
monary function tests and symptoms evaluation were con-
ducted before, during, and after completion of chemotherapy
and RT and at various time points thereafter. During chemo-
therapy, cough and dyspnoea on exertion developed in half of
pts and reduction in pulmonary function occurred in nearly
one-third of them. Discontinuation of bleomycin was neces-
sary in nearly one-quarter of the cases. Following chemother-
apy, there was a significant decline in median forced vital
capacity (FVC) and diffusing capacity of carbon monoxide
(DLCO); in pts who received mantle or mediastinal RT, there
was a further decline in FVC.

A study conducted on 32 pts with early-stage HL treated
with 4 cycles ofABVDchemotherapy followed bymediastinal
RT confirmed these data; a significant reduction in forced
expiratory volume in 1 second (FEV1), forced expiratory flow
at 25%–75% (FEF25–75%), total lung capacity (TLC), vital
capacity (VC), and DLCO at the end of treatment was
observed. Reduction in TLC, VC, and DLCO, mirror of a
restrictive type pulmonary defect, persisted one year after the
end of therapy [16].

The Bleomycin Lung Toxicity (BLT) has been described
with low dose of bleomycin [17] but is rare with doses below
300mg, principally in young patients with germ cell tumors
and no risk factors. The precise pathogenetic process of bleo-
mycin-induced fibrosis is yet to be demonstrated, but prob-
ably, this can be the sequence leading to endothelial and
interstitial capillary oedema, pneumocytes type II prolif-
eration and necrosis with surfactant overproduction and
release, surfactant phagocytosis by alveolar macrophages
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with consequent activation of fibroblasts production [18].
The clinical manifestation of bleomycin lung toxicity seems
like a hypersensitivity reaction with fever, diffuse infiltrate at
chest X-ray, and eosinophilia. Signs and symptoms consist
of fever, tachypnea, bibasal rales, intercostals retraction,
dyspnea, sputum, and thoracic, pleuritic, and substernal
pain.

Frequency of pulmonary toxicity has been reported in the
literature to be approximately 10% to 25%. Corticosteroids are
the usual treatment, with some evidence of improvement [19].
In a recent retrospective multicenter analysis of the elderly
HL by Evens et al. [20], an incidence of bleomycin lung toxi-
city (BLT) of 32% was observed, with an associated mortality
rate of 25%; these data supported the association of BLT and
risk factors such as older age, cumulative bleomycin dose,
renal insufficiency, pulmonary radiation, underlying lung
disease, and tobacco history, and the concomitant use of
G-CSF (the incidence of BLT was 38% and 0% among pts
receiving G-CSF versus patients who did not receive it, resp.)
[21].

There is still no consensus on reducing or avoiding the
use of bleomycin in these settings of patients. However, in
order to reduce the pulmonary toxicity, it could be useful to
reduce the extension of RT fields through the introduction of
IN-RT technique and limit the dose of bleomycin in pts with
other risk factors for BLT. A retrospective study fromMartin
and colleagues at Mayo Clinic showed that the omission of
bleomycin in patients showing any kind of toxicity had no
impact on both overall survival and progression-free survival
[22]. The results of GHSG HD13 will clarify if administration
of bleomycin can be avoided in early favourable HL patients.
In this study, 2 cycles of ABVD (arm A) were compared to
a dacarbazine-deleted variant (ABV, arm B), a bleomycin-
deleted variant (AVD, arm C), and a variant in which both
dacarbazine and bleomycin were deleted (AV, arm D) to
determine the minimum required cytotoxic drugs; after an
interim analysis, arms B and D were closed and now we are
waiting for final results.

Also in combined modalities, bleomycin toxicity can be
increased by the interaction with other agents. Regarding this
issue, a phase I/II dose-escalation study in pts with advanced-
stage HL was conducted at Cologne University Hospital
to investigate a new potentially nonleukemogenic modified
BEACOPP scheme named BAGCOPP (bleomycin, doxoru-
bicin, gemcitabine, cyclophosphamide, vincristine, procar-
bazine, and prednisone): in this scheme gemcitabine replaces
etoposide. Interestingly, the concomitant use of gemcitabine
and bleomycin leads to severe pulmonary toxicity, advising
against the replacement of etoposide with gemcitabine in the
escalated BEACOPP [23].

The use of bleomycin with the new antibody-drug con-
jugate brentuximab vedotin seems to be contraindicated be-
cause of adverse pulmonary effects: in a clinical trial bren-
tuximab plus doxorubicin, bleomycin, vinblastine, and dacar-
bazine (ABVD) was compared with brentuximab plus dox-
orubicin, vinblastine, and dacarbazine (AVD) as front-line
therapy for HL: noninfectious pulmonary toxicity developed
in a high portion of pts (40%) in the brentuximab-ABVD
group [24].

4. Thyroid Abnormalities

Thyroid abnormalities following mantle field or neck RT are
observed in approximately 20%–30% of HL survivors and
hypothyroidism caused by direct vascular damage to the
thyroid gland is the most common event. Hancock et al. [25]
studied 1,787 HL survivors treated at Stanford University
from 1961 to 1989.The actuarial risk of thyroid disease in those
who had mantle RT was 52% at 20 years after treatment,
increasing to 67% at 25 years; the risk of developing hypothy-
roidism was 44% at 25 years after therapy for HL.

The risk of radiation-related thyroid dysfunction seems
to be dose related [26, 27]. In a study from the University of
Minnesota, the estimated actuarial risk of developing hypo-
thyroidism was 60% at 11 years. In addition, the relative risk
of hypothyroidism was estimated to increase by 1,02/Gy [28].

Indirect effects and central hypothyroidism due to
involvement of hypothalamic-pituitary axis are less common,
as well as Graves’ disease (risk 3.3% at 20 years after therapy),
benign adenoma, multinodular goiter, thyroiditis, and thy-
roid malignancies [29].

Moreover, in the Stanford study [25],HL survivors treated
with mantle RT had a risk of thyroid cancer 16 times higher
than the expected risk.

In our institution, the median time from the end of RT to
dysthyroidism is 74 months (range: 27–107 months) with
cumulative risks at 5 and 12 years of 2% and 7%, respectively
[2].

The high frequency of thyroid disorders in pts treated
with radiation to head and neck requires lifelong thyroid
surveillance. Examination of the thyroid hormones and
thyroid stimulating hormone (TSH) should be checked on
an annual basis. TSH levels greater than 5mU/L, even with-
out overt clinical manifestations, require thyroid hormone
replacement therapy to minimize clinical symptoms and
development of benign and malignant thyroid nodules [30].
Pts with a palpable nodule require evaluation with Doppler
ultrasonography, with furthermanagement based on imaging
findings [31].

5. Male Fertility

Spermatogenesis lasts about 70 days; spermatogonia of typeA
in seminiferous epithelium duplicate to maintain the reserve,
whereas type B spermatogonia divide into primary sper-
matocytes, that will first become spermatids and then sper-
matozoa. Cycle-specific chemotherapeutic agents may cause
a temporary stop in spermatogenesis due to damage to type
B spermatogonia, more sensitive to cytotoxic agents but not
to spermatogonia of type A, characterized by a low mitotic
index. Noncycle specific chemotherapeutic agents, such as
alkylating agents, used at high doses, are more likely to cause
azoospermia or long-term (up to 10 years after the end
of chemotherapy) or even permanent depletion of type A
spermatogonia. Spermatogenesis is sensitive to cyclophos-
phamide, procarbazine, and mechlorethamine (a nitrogen
mustard), used in old treatment regimens such as MOPP and
COPP (cyclophosphamide, vincristine, procarbazine, and
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prednisone) and in the more recent BEACOPP, while other
regimens without alkylating agents, such as ABVD, usually
do not cause male infertility [32].

In a study fromUniversityHospital Cologne, an increased
risk for inadequate semen quality even before treatment was
described, particularly in pts with elevated ESR and advanced
disease stage. A more recent EORTC study [33] investigating
sperm quality in untreated pts with early-stage HL showed an
association between B symptoms and sperm quality.

Fertility counselling is indicated in patients prior to
chemotherapy to evaluate the possibility of cryopreserving
ejaculated sperm. However, this recommendation is not valid
for patients with azoospermia; in this subset of patients testi-
cular sperm extraction can be considered [34, 35].

6. Female Fertility

Risk of menstrual irregularities and female infertility is well
known. As in male gender, the main cause of infertility seems
to be the use of alkylating agents used in MOPP and BEA-
COPP regimens [36, 37]. Premature ovarian failure is defined
as the premature (age < 40 years) termination of ovarian
function. The loss of part or of the entire stock of primordial
follicles leads to hypergonadotropic amenorrhea which
causes infertility and symptoms of estrogen deprivation such
as hot flushes, vaginal dryness, and dyspareunia.

After chemotherapy, recovery of normalmenstrual cycles
does not guarantee normal fertility, but amenorrhea is a
strong negative predictor of fertility. There are several hor-
mone assays to establish endocrine profile. The anti-Mülle-
rian hormone (AMH) produced by growing follicles declines
with age and is undetectable after menopause. Its level paral-
lels that of the number of primordial follicles and seems to be
the most informative determination [38]. Numerous studies
have demonstrated the usefulness of transvaginal ultrasound
in terms of determining ovarian volume and antral follicular
count [39]. Even if there are no standard recommendations,
combination of AMH dosage and transvaginal ultrasound
should be advisable [40].

The GHSG evaluated women aged less than 40 years and
treated between 1994 and 1998; half of women who received
dose-escalated BEACOPP (bleomycin, etoposide, doxoru-
bicin, cyclophosphamide, vincristine, procarbazine, and pre-
dnisone) developed secondary amenorrhea at a median fol-
lowup of 3.2 years. The study also confirmed that older age at
treatment increased risk of infertility [41]. ABVD regimen, on
the other side, does not seem to lead to permanently impaired
gonadic function [42]. Regarding the role of oral contracep-
tives (OC) in preserving fertility, data do not confirm that
they succeed in protecting the ovarian reserve, in particular
during chemotherapy regimens containing alkylating agents,
while the role of GnRH analogues (GnRH-a) is still a matter
of debate. In a randomized study published by GHSG, female
pts (age range 18–40 years) were randomly assigned either
to receive daily OC or monthly GnRH-a during escalated
combination therapy with bleomycin, etoposide, adriamycin,
cyclophosphamide, vincristine, procarbazine, and predni-
sone (BEACOPPesc). Hormonal levels (FSH, LH, estradiol,

inhibin B, AMH, progesterone, testosterone, and DHEAS)
were determined at baseline, during therapy, and at followup.
This study was closed prematurely after an interim analysis
of 12 pts in arm treated with OC and 11 in arm B treated by
GnRH-analogues. The anti-Müllerian hormone level after at
least 12 months was reduced in all pts. For the entire study
cohort, the respective ovarian follicle preservation rate was
0% [43, 44].

On the other hand, patients treatedwith 4 cycles of ABVD
or 2 BEACOPPesc + 2 ABVD within the HD14 trial have
recently presented and show that prophylactic use of GnRH-
analogues has significant prognostic impact on preservation
of fertility [45].

Optimal timing to address fertility issues is before initia-
tion of treatment, and referral to a reproductive specialist is
mandatory. Moreover, this counseling is recommended after
treatment to monitor for premature menopause and initia-
tion of calcium, vitamin D, bisphosphonates, and exercise for
the treatment of bone demineralization [46].

Many HL experts recommend waiting 2 years after HL
treatment to begin reproductive efforts, when the risk of
relapse significantly decreases [47].

7. Second Cancer

Secondary malignancies are a leading cause of morbidity and
mortality among long-term survivors of HL.

There is an overall 18-fold increased risk of developing
secondary malignancies in HL survivors compared to the
general population [48] and the cumulative incidence of
secondmalignancy is higher when compared with pts treated
for other cancers [49, 50].

Standards of treatment have been proposed as contribut-
ing to the high rate of secondary malignancies [51]; differen-
ces are observed between pts receiving chemotherapy and pts
receiving chemoradiotherapy; moreover, in the chemother-
apy only subgroup, difference is reported between pts treated
with alkylating agents and pts receiving ABVD scheme.

Chemotherapy is linked to a substantial risk of developing
mostly 3 malignancies: myelodysplastic syndromes (MDS)/
acute myeloid leukemia (AML), non-Hodgkin’s lymphoma
(NHL) and lung cancer.

Second cancer risk peaks 5 to 9 years after chemotherapy
alone; in particular chemotherapy-related MDS and AML
occur within 10 years of treatment, with a median of 3 years,
and are more likely to be caused by DNA-breaking alkylating
agents, such as mechlorethamine and procarbazine in the
MOPP regimen, and by topoisomerase II inhibitors, such
as etoposide. Secondary MDS differ according to primary
chemotherapy in terms of time to onset and cytogenetic
abnormalities. MDS correlated to the use of alkylating agents
show peaks of incidence between 5 and 10 years after chemo-
therapy and are associated to 7q–/–7 with mutations of
AML1, 5q–/–5, mutation of p53 and complex chromosome
rearrangements [52]. On the other side, MDS correlated to
the use of topoisomerase II inhibitors generally occur with
a relatively short latency period and are associated to bal-
anced translocations involving the chromosomal band 11q23,



Lymphoma 5

resulting in chimerical rearrangements between the MLL
gene and one of its numerous alternative partner genes [53].

With the introduction of the ABVD regimen, this risk has
substantially been reduced, as we observed in our institution
[54]. However, the main therapy-related risk factor is consid-
ered RT which is an integral part of HL treatment protocols.
Pts receiving combined treatment including chemotherapy
andRT are at higher risk for all the cited neoplasms plus other
solid tumors, such as nonmelanomatous skin cancer and
breast cancer.

It is well established that exposure to ionizing radiation
increases the risk of solid tumors [55] and recent studies
evaluating the long-term incidence of secondmalignancies in
survivors of HL found a reduced incidence of second solid
tumors in survivors of HL, treated without RT [56, 57]. In the
British experience, relative risk (RR) of second cancer ismuch
higher after combined modalities than after chemotherapy
only (RR 3.9 versus 2) [53]. After combined modalities, sec-
ond cancers have a longer latency period, with risk increas-
ing after 15 to 19 years, with no plateau to the risk.

A particular subset of pts is characterized by young
women receiving mediastinal RT; as is now well known they
have a significantly increased risk of developing breast cancer.
For women treated for HL before the age of 30 the risk of
developing breast cancer is 6 times greater than in the general
population, with an absolute excess risk of 20 to 40 occur-
rences per 10,000 annually. Most of this excess risk is attrib-
uted to irradiation of axillae and mediastinum, with relative
risks varying by age at irradiation, radiation dose, and extent
of radiation field.Women treated with RT in adolescent years
have a significantly higher risk of developing breast cancer
than those treated later in life.The increased rate of secondary
breast cancers emerges following a latency of 10 years and
persists beyond 25 years of followup [58–65].

A recentmulti-institutionalmatched cohort study showed
that breast cancer after RT for HL is more likely to be
detected at an earlier stage, to be bilateral at diagnosis, with
an increased risk ofmetachronous contralateral breast cancer
[66].

Recent achievements in RT allow to utilize significantly
lower doses of radiation and smaller fields, and this would
hopefully reflect in a consistently decreased rate of secondary
cancers, especially breast cancers, in the future; as a matter of
fact womenwho receivedmantle field radiotherapy in the 80s
and 90s need now to be carefully screened for early detecting
of breast cancers.

8. Conclusions

In the last years, the use of chemotherapy regimens not con-
taining alkylating agents and the reduction of the doses and
the extent of the irradiation fields have led to decrease sec-
ondary effects in long term in HL survivors. However, these
complications still play an important role in the therapeutic
choice and in the followup of these pts and many efforts
have to bemade in reducing themwithout compromising the
efficacy of the treatment.
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