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Abstract: There have been an increasing number of survivors of successful treatment of
Hodgkin lymphoma (HL) over the past 30 years. Although these survivors may be cured of their
HL, long-term morbidity and mortality are associated with late toxicities of treatment.
Identification of these late complications will lead to strategies to manage them when they
occur and hopefully to decrease the risk of their development. Second malignancies followed
by cardiovascular disease are the leading causes of late morbidity and mortality.
Musculoskeletal difficulties, endocrine abnormalities including sterility and thyroid disease,
heart and lung damage, persistent fatigue and psychosocial distress have also been seen. The
subjects of this review are the late complications of primary treatment of HL and autologous
stem cell transplantation, usually for relapsed disease.
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Introduction
Cures have been achieved in a significant propor-

tion of patients with Hodgkin lymphoma (HL)

for many years. The long-term morbidity and

mortality of treatment has become of increasing

concern in these patient populations. Guidelines

for surveillance to identify late toxicities and to

optimize their management as early as possible

are necessary. Strategies to minimize late toxicity

with modifications of current or new treatments

will also be informed by the identification and

characterization of these late toxicities. The sub-

ject of this review will be the emerging literature

on the late morbidity and mortality of patients

successfully treated for HL.

Second malignancies
The risks of secondary leukemias and myelodys-

plastic syndromes have been decreased with the

current standard ABVD (i.e. doxorubicin, bleo-

mycin, vinblastine, and dacarbazine) chemother-

apy regimen compared with the older alkylating

agent-containing chemotherapy regimens of the

MOPP (i.e. nitrogen mustard, vincristine, pro-

carbazine, and prednisone) type. In a report of

1659 patients from Italy, the 15-year actuarial

risk of acute leukemia was 4.2%. Risk of leuke-

mia after radiation therapy (RT) alone was 0.3%,

2.8% after MOPP-containing regimens, 5.48%

after MOPP-containing regimens þ RT, and no

leukemias were seen after ABVD alone. There

were no acute leukemias after the 12th year of

follow up [Brusamolino et al. 1998]. In a popula-

tion-based report on registries in Europe and the

USA of 35,511 HL survivors, the excess absolute

risk of acute leukemia was highest in the first 10

years of follow up, and remained slightly elevated

after 15 years [Schonfeld et al. 2006]. An increase

in acute myeloid leukemias, possibly partly

related to etoposide, has been reported at 10

years with the BEACOPP regimen (i.e. bleomy-

cin, etoposide, doxorubicin, cyclophosphamide,

vincristine, procarbazine, and prednisone), in

both the standard-dose (1.5%) and escalated

(3.0%) versions compared with COPP (cyclo-

phosphamide, vincristine, procarbazine, and

prednisone)/ABVD (0.4%) [Engert et al. 2009].

The rate of second malignancies following RT

with or without chemotherapy for HL is approx-

imately 1% per year [Dores et al. 2002; Green

et al. 2000]. Among 18,862 5-year HL survivors

in cancer registries from the USA and Europe,

the 30-year cumulative relative risks for second-

ary solid tumors was 18% for women and 30%

for men, and the risks of breast and colorectal
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cancers were elevated 10�15 years before the age

when routine screening is recommended

[Hodgson et al. 2007]. The most common

second malignancies were breast cancer, gastro-

intestinal cancers, lung cancer, thyroid cancer,

soft tissue and bone sarcomas, and acute leuke-

mia [Metayer et al. 2000; Swerdlow et al. 2000;

Van Leeuwen et al. 2000]. The risk of developing

breast cancer following RT increased with length

of follow up [Travis et al. 2005]. Addition of alky-

lating agent-containing chemotherapy of the

MOPP type seemed to reduce this risk, probably

because of effects on the ovaries to reduce estro-

gen production. The risk was also increased with

chest wall radiation with doses above 40 Gy

[Travis et al. 2003; Van Leeuwen et al. 2003].

The size of the RT volume was also important

[De Bruin et al. 2009]. The risk of breast

cancer was higher with full mantle compared

with mediastinal irradiation alone. The incidence

of poor-prognosis breast cancer may be increased

compared with breast cancer with favorable risk

factors following RT. The incidence of estrogen

receptor-negative/progesterone receptor-negative

breast cancer was nine times increased, while

that of estrogen receptor-positive/progesterone

receptor-positive breast cancer was five times

increased after RT [Dores et al. 2010]. Despite

guidelines that recommend annual mammo-

grams starting approximately 8 years after chest

irradiation or at least by age 25 years for pediatric

patients, compliance with screening recommen-

dations has been poor [Taylor and Taylor, 2009;

Diller et al. 2002]. Among solid tumors, only

alkylating agent-based regimens are associated

with an increased risk of lung cancer [Travis

et al. 2002]. Second malignancies are the leading

cause of late morbidity and mortality [Oeffinger

et al. 2006; Aleman et al. 2003].

Cardiovascular disease
Cardiovascular damage is the second most fre-

quent cause of late mortality and morbidity

[Oeffinger et al. 2006; Aleman et al. 2003], fol-

lowing RT with or without chemotherapy for HL.

Carotid stenosis risk is increased after cervical

RT, and the relative risk of stroke is increased

5�6 times after mantle RT [Bowers et al. 2005;

Hull et al. 2003].

Overall there appears to be a 3�5 times increased

incidence of cardiovascular disease with long

follow up of HL survivors treated with RT

including the chest alone or chest RT combined

with chemotherapy compared with the general

population. The diseases seen with increased fre-

quency among 1474 5-year survivors of treat-

ment of HL with a median follow-up time of

18.7 years, reported from the Netherlands, were

valvular disorders, angina pectoris, myocardial

infarction, and congestive heart failure [Aleman

et al. 2007]. Significant heart valve abnormalities,

presumably related to fibrosis, were found in

42.6% of 47 patients screened with echocardiog-

raphy who received chest RT for HL at a median

of 14.3 years after diagnosis [Adams et al. 2004].

In another series, clinically important valvular

disease was found in 6% of patients 20 years

after receiving RT for HL. Valve replacement

surgery was required in 47% of patients with dys-

functional aortic valves and 27% of those with

dysfunctional mitral valves [Hull et al. 2003].

More subtle abnormalities, such as restrictive

cardiomyopathy and conduction abnormalities,

have also been reported following mediastinal

RT [Adams et al. 2004]. Anthracyclines appear

to increase the risk of congestive heart failure and

valvular disease beyond that seen with mediasti-

nal RT [Aleman et al. 2007]. The risk for hospi-

talization for cardiac events for HL survivors

treated with doxorubicin and mediastinal RT

may be higher than that for survivors treated

with mediastinal RT without doxorubicin

[Myrehaug et al. 2010]. Recently, a high inci-

dence of coronary artery abnormalities (16%)

was reported among survivors of pediatric HL

at a median follow-up time of 14 years from diag-

nosis as determined by computed tomography

angiography, a minimally invasive technique

that visualizes blood flow and is a candidate to

replace conventional angiography. In multivariate

analysis patients receiving mediastinal RT to a

dose of greater than 20 Gy had a 6.8 times

increased risk for coronary artery abnormalities

compared with patients who received lower doses

or no mediastinal RT [Küpeli et al. 2010].

Pulmonary and pericardial abnormalities [Abratt

et al. 2004], due to fibrosis, are less common late

complications of RT for HL with modern radia-

tion therapy techniques.

Musculoskeletal abnormalities
Neck muscle wasting causing difficulty with neck

extension (‘neck drop’) is common following RT

to the neck and may cause discomfort [Portlock

et al. 2003]. In the Childhood Cancer Survival

Study (CCSS), an increased rate of osteonecrosis

of 6.7, most commonly of the hips followed by

the shoulders and knees, was found among
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survivors of HL compared with matched siblings,

probably related to corticosteroid exposure and

RT to the affected joint [Kadan-Lottick et al.

2008]. Brachial plexopathies rarely occur as a

result of fibrosis but are extremely difficult to

manage [Schierle and Winograd, 2004].

Thyroid disease
In the CCSS, the incidence of hypothyroidism 20

years after a diagnosis of HL following neck RT

to 3500�4999 cGy was 30% and 50% for

patients receiving at least 4500 cGy. There was

also an increased rate of hyperthyroidism (rela-

tive risk [RR] 8), thyroid nodules (RR 27), espe-

cially among females, in the population of adult

survivors of childhood HL compared with

matched siblings, and the RR of thyroid cancer

was 18.3 compared with the general population

[Sklar et al. 2000]. Secondary hypothyroidism is

usually manageable with thyroid replacement

therapy.

Fertility
Almost all men will develop azoospermia follow-

ing alkylating agent-containing chemotherapy

such as MOPP, MOPP variants or BEACOPP

in both standard and escalated forms of the reg-

imen, and only a minority will have recovery of

viable sperm. Up to one third of men treated with

ABVD will have transient azoospermia, but most

will have full recovery of spermatogenesis

[Sieniawski et al. 2008; Anselmo et al. 1990].

Sperm cryopreservation is recommended in

men treated with alkylating agent chemotherapy

of the MOPP or BEACOPP type who may wish

to have children, although dysspermia prior to

treatment was found in 77% of patients with

advanced HL in a study of the German

Hodgkin Study Group [Sieniawski et al. 2008].

In contrast, 90% of men prior to treatment in

early stage HL trials conducted by the

European Organization for Research and

Treatment of Cancer and the Groupe d’Étude

des Lymphomes de L’Adulte had good or inter-

mediate sperm quality. B symptoms and elevated

erythrocyte sedimentation rate, a surrogate for

inflammation, were predictive of poor quality

sperm [Van Der Kaaij et al. 2009]. Recently,

sperm DNA damage was demonstrated for up

to 24 months after completion of chemotherapy

for HL and testicular cancer. This may lengthen

the time in current recommendations that men

should not attempt to procreate for 12�18

months after completion of cytotoxic chemother-

apy to allow for full sperm recovery and minimize

the risks for adverse reproductive outcomes

[O’Flaherty et al., 2010].

Women treated with MOPP or MOPP variants

had a cumulative risk of menopause by age 40

years of 48% in a cohort of patients with HL

reported from the Netherlands [De Bruin et al.

2008]. At a median of 3.2 years following eight

cycles of escalated BEACOPP, 51.4% of women

had continued amenorrhea [Behringer et al.

2005]. In contrast, female fertility is well preserved

following ABVD [Brusamolino et al. 2006]. There

were no differences in pregnancy rates in women

attempting to become pregnant between women

treated�3 years previously with ABVD and

normal controls. Use of oral contraceptives may

have shortened the length of amenorrhea in

women treated with a MOPP variant or

BEACOPP [Behringer et al. 2005]. The effective-

ness of gonadotropin-releasing factor agonists in

protecting ovarian function following alkylating

agent-containing chemotherapy is controversial

[Oktay et al. 2009; Blumenfeld et al. 2008].

A randomized trial oral contraceptives or a gona-

dotropin-releasing factor antagonist (goserelin

acetate) in women receiving escalated

BEACOPP for advanced HL was terminated

early because neither treatment resulted in ovarian

follicle preservation as measured by anti-Mullerian

hormone levels [Behringer et al. 2010]. In vitro fer-

tilization with cryopreserved embryos has resulted

in successful pregnancies following this type of

chemotherapy and experimental approaches,

such as oocyte or ovarian tissue cryopreservation

and implantation, also show promise [Demeestere

et al. 2007; Meirow et al. 2007].

Overall health status in long-term survivors
There are limited data on the overall health status

of long-term HL survivors. The CCSS looked at

frequencies of chronic conditions in 10,397 sur-

vivors of childhood cancer and 3034 siblings

[Oeffinger et al. 2006]. A severity score was

designed based on the Common Terminology

Criteria for Adverse Events (version 3), which

graded conditions as mild (grade 1), moderate

(grade 2), severe (grade 3), life-threatening or

disabling (grade 4), or fatal (grade 5). Among

1876 adult survivors of childhood HL, the RR

of a grade 3 or 4 chronic ailment was 10.2

(8.3�10.5). The cumulative incidence of a

grade 3�5 chronic condition was approximately

40% between 20 and 25 years. Similar results

were found in a Dutch retrospective cohort

study of 1362 survivors of childhood cancer at a
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median follow-up time of 17 years. For all can-

cers, grade 3 or 4 adverse events were observed in

55% of survivors who received RT only and 15%

of survivors treated with chemotherapy only

[Geenen et al. 2007].

We conducted a survey-based cohort study of

patients treated as adults on first-line therapy

protocols for HL at our center from 1975 to

2000 [Matasar et al. 2009]. The protocols

included five combined-modality trials of chemo-

therapy þ RT and one that included a che-

motherapy-only arm. Of the 746 patients for

whom follow up was available, 519 were alive,

and survey data were available for 233 patients.

One hundred and seven had died due to HL and

100 due to other causes. Ninety-four per cent of

patients reported at least one late morbidity, 48%

at least one grade 3�4 morbidity, and 21% at

least two grade 3�4 morbidities. The most

common late condition was second malignancy

followed by cardiovascular disease.

Psychological and quality-of-life issues
We also assessed quality of life, fatigue, fears of

recurrence, and mood in our HL survivor popu-

lation using SF-12, FACIT-fatigue, Fears of

Recurrence Questionnaire, and Hospital

Anxiety and Depression Scale. A surprisingly

high number of responders reported depression

(17%), 90% of whom were on psychotropic med-

ications, or anxiety (12%). Approximately one

third of the responders rated their quality of life

(physical and mental functioning) as fairly low.

Over 80% of responders reported fears of recur-

rence or second cancers [Ford et al. 2008].

Improvement of quality of life was found 2 years

after completion of treatment for early stage HL

treated by the Southwest Oncology Group com-

pared with 1 year following treatment, but fatigue

persisted. Follow up of patients treated in

EORTC-GELA trials for early stage HL demon-

strated that health-related quality of life improved

after 3 years with median follow up of 7.5 years,

but that higher scores for fatigue following treat-

ment were predictive of subsequent persistent

fatigue [Heutte et al. 2009]. At a median

follow-up time of 16 years following treatment,

30% of HL survivors reported chronic fatigue

compared with 11% of the general population

[Hjermstad et al. 2006]. A role of pro-inflamma-

tory cytokines in cancer-related fatigue has been

suggested by studies in breast cancer survivors.

There are less data on the psychological and

social status of HL survivors. On the self-

reported Brief Symptom Inventory, 22% of HL

survivors treated on protocols conducted by the

Cancer and Leukemia Group B met criteria for a

psychiatric diagnosis [Kornblith et al. 1992]. At a

median follow-up time of 9 years following treat-

ment, 37% of HL survivors reported an unsatis-

factory return of energy (fatigue) that was

associated with depression. Moderately high

divorce rates (32%), difficulty with fertility

(18%), and decreased interest in sexual activity

(20%) were also reported [Fobair et al. 1986].

HL survivors have also reported difficulties

obtaining health and life insurance and loans

[Mols et al. 2006; Joly et al. 1996; Kornblith

et al. 1992]. On a post-traumatic stress disorder

inventory, 32% of 44 HL and non-HL survivors

reported two or three of the three defining symp-

toms: arousal (‘reliving’ the event that interferes

with daily activity), avoidance, and hyper-arousal

(distractibility, hypervigilance, outburst of anger,

sleep difficulties), similar to a control population

exposed to other external emotionally traumatic

events [Geffen et al. 2003].

There is an emerging literature on interventions

for psychological and quality-of-life issues. In a

pilot study, a home-based exercise program

improved fatigue, physical functioning, and max-

imal aerobic capacity among nine HL survivors

identified with chronic fatigue [Oldervoll et al.

2003]. In a randomized trial for lymphoma

patients receiving treatment and survivors, a 12-

week program of supervised aerobic exercise

resulted in improvements in patient-related phys-

ical functioning, overall quality of life, happiness,

depression, general health, cardiovascular fitness,

and lean body mass compared with a matched

group who received usual care [Courneya et al.

2009]. A systematic and meta-analysis of inter-

ventions to relieve cancer-related fatigue in active

patients and survivors including 57 randomized

controlled trials of psychological interventions

versus exercise demonstrated that both

approaches were effective without significant dif-

ferences. Multimodal exercise and walking pro-

grams, restorative approaches, supportive-

expressive, and cognitive-behavioral therapy

(CBT) were all helpful in relieving cancer-related

fatigue [Kangas et al. 2008]. Psychostimulants,

most often methylphenidate, have been found

to lessen fatigue in patients with active cancer,

but data are lacking for long-term cancer survi-

vors [Breitbart and Alici, 2010]. Addition of
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CBT to an exercise program did not improve

cancer survivors’ quality of life or physical activ-

ity compared with exercise alone in a randomized

trial [May et al. 2009]. CBT was also found to

improve chemotherapy-related cognitive change

(‘chemo brain’) in long-term breast cancer survi-

vors [Ferguson et al. 2007]. Fear of progression

was decreased in cancer patients in two inpatient

rehabilitation facilities with both brief CBT

and supportive-experiential group therapy

[Herschbach et al. 2010]. Further research on

effective interventions for persistent fatigue and

psychological and social distress is clearly

needed.

Late mortality
Mortality rates for the cohort in our HL database

followed a curve with two linear phases, an earlier

steep phase representing death due to HL, and a

second phase beginning at 6 years postdiagnosis,

primarily due to causes other than HL. At 22

years, deaths due to other causes exceeded

those due to HL led by second malignancies

and cardiovascular events. Similar results were

reported for cause-specific survival from two

cancer centers in the Netherlands for 1261

patients with HL treated before age 41 years

between 1965 and 1987 [Aleman et al. 2003].

In that study, deaths from other causes exceeded

those due to HL after 20 years from start of treat-

ment. Second malignancies followed by cardio-

vascular events were also the most common

causes of deaths not due to HL.

Limitation of radiation therapy
The causes of late morbidity and mortality were

the same, and most have been associated with RT

in the literature. In our HL survivor study, this

was despite limitations of RT field size and dose

by contemporary, although not necessarily by

current standards with respect to field size.

Long-term follow up of patients with pediatric

HL treated with combined-modality therapy of

chemotherapy and low-dose RT at Stanford

University was recently reported. The doses of

RT were 15.0�25.5 Gy extended-field RT with

an optional boost of 10 Gy to bulky sites. The

cumulative incidence of second malignancies

was 17% at 20 years and 29.4% at 30 years, sim-

ilar to those seen with more standard higher

doses [O’Brien et al. 2010].

Some data suggest a decreased second malig-

nancy rate with smaller RT fields of treatment.

In a cohort study of HL patients treated in five

centers in the Netherlands between 1965 and

1995, while the RR of breast cancer was

increased 2�8-fold in patients receiving any RT

to the mediastinum, there was an additional 2.7-

fold higher risk in women who had received full

mantle RT compared with women who received

only mediastinal RT [De Bruin et al. 2009].

Follow-up time was shorter for patients who

receive mediastinal RT only than those who

received mantle RT, and further follow up will

be necessary to see if this difference holds up.

In recent years attempts have been made to

decrease toxicity by further reducing the size of

RT fields and reducing the number of cycles of

chemotherapy. The HD10 study of the German

Hodgkin Lymphoma Study Group randomized

very favorable stages I and II HL patients with

one or two sites of involvement to two or four

cycles of ABVD followed by involved-field RT

to either 20 or 30 Gy. The 5- and 8-year progres-

sion-free survivals were in excess of 90% and sim-

ilar in all four arms of the study. At a median

follow-up time of 7.5 years there was a 4.6%

second malignancy rate, with no significant dif-

ferences between the four arms. Of 57 deaths

(4.8%), 10 were due to HL, 11 to second malig-

nancies, 9 to cardiovascular events, and 7 and 5

to toxicities of primary and salvage treatments,

respectively [Engert et al. 2010]. Little long-

term data are available with this approach, but

follow up beyond 15 years (median of 10 years)

was reported by an Italian group for treatment of

IA and IIA nonbulky HL with four cycles of

ABVD and limited RT in most patients

(extended field 23%, involved field 77%)

[Brusamolino et al. 2006]. The reported proj-

ected 15-year event-free and overall survivals

were 78% and 86%, respectively. However,

even with limited treatment, the 5- and 12-year

risks of second malignancies were 4% and 8%,

and for cardiovascular events, 5.5% and 14%.

This is a cause for concern regarding involved-

field RT in combined-modality programs for

early stage HL, although current involved fields

may be even more limited than those employed in

the past. Further follow up of more contempo-

rary combined-modality programs will be neces-

sary to see if late toxicities will be reduced

[Sieniawski et al. 2007].

Autologous stem cell transplantation
Extensive discussion of the late results with autol-

ogous stem cell transplantation (auSCT) is

beyond the scope of this review. However, a few
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observations seem relevant. In the Bone Marrow

Transplant Survivor Study (BMT-SS), late mor-

tality was assessed in 854 patients who survived

2 years or more following auSCT for hematologic

malignancies. Median follow-up time was 7.6

years. Relapse of primary disease was the cause

of late death in 56%, second malignancies in

25%, cardiac toxicity in 6%, pulmonary compli-

cations in 5%, and other causes in 13.5%. Acute

myelocytic leukemia (AML)/myelodysplastic

syndrome (MDS) accounted for 65% of the late

deaths due to second malignancies [Bhatia et al.

2005].

The prevalence of self-reported late effects

among survivors was also investigated in the

BMT-SS. Compared with siblings, at a median

follow-up time of 6 years, survivors of auSCT

reported a significantly higher frequency of cata-

racts, dry mouth, hypothyroidism, osteoporosis/

avascular bone necrosis, congestive heart failure,

dyspnea with exertion, neurosensory impair-

ments, inability to attend school or work, and

poor overall health. Females reported signifi-

cantly higher frequencies of osteoporosis, conges-

tive heart failure, and neurologic conditions.

Patients who had received total body irradiation

(TBI) as part of their conditioning regimen

reported significantly higher frequencies of cata-

racts and dry mouth [Majhail et al. 2007]. In the

European Bone Marrow Transplant registry, 9%

of 693 patients developed a second malignancy of

7 years following auSCT for follicular B-cell lym-

phoma. AML/MDS accounted for 39 out of 64

(61%) of these second malignancies, and 34 of

the 39 had received TBI as part of the condition-

ing regimen. The overall survival of patients who

received TBI was significantly shorter after

5 years than those who did not receive TBI

[Montoto et al. 2007].

Tentative recommendations for follow up
A truly data-derived set of follow-up guidelines

awaits further analysis of studies such as ours

on the overall outcome of long-term HL survi-

vors. Guidelines for follow up of HL patients

in our clinic are consistent with the National

Comprehensive Cancer Network (NCCN)

Practice Guidelines in Oncology v.2.2010 for

HL (http://www.nccn.org/professionals/physi

cian_gls/f_guidelines.asp). The same schedule is

used for patients after primary treatment and

after auSCT. We generally see patients every

3�4 months for the first year after completion

of treatment, every 4�6 months for the second

and third years, and every 6 months for the

fourth and fifth years with either computed

tomography or chest X-ray imaging, complete

blood count, blood chemistries, erythrocyte sed-

imentation rate, thyroid-stimulating hormone

and free thyroxine levels in patients who received

neck irradiation. Since late effects of treatment as

well as relapses are rare after 5 years for patients

treated with chemotherapy only, we feel that

these patients can be safely referred back to

their primary care physicians after 5 years of

follow up. We continue to follow the patients

who received RT annually after 5 years with

blood studies and chest X-ray. We start annual

mammograms at 8�10 years or age 40 years,

whichever comes first, in women who received

mediastinal irradiation. We consider breast mag-

netic resonance imaging if clinically appropriate

(women who receive mediastinal irradiation

between ages 10 and 30 years). After 10 years

of follow up, we have recently also begun to

obtain carotid ultrasound for patients who

received neck irradiation and coronary artery

screening with stress testing, often with a nuclear

medicine myocardial perfusion scan, for patients

who received mediastinal RT. We also encourage

aggressive management of hyperlipidemia and

hypertension for these individuals.

Conclusion
Late complications related to treatment are an

increasingly recognized problem as follow up

increases of patients cured of their HL. Second

malignancies and cardiovascular events are the

most frequent causes of late serious morbidity

and mortality, and are mostly associated with

RT. Cardiomyopathies with anthracycline use

and sterility and MDS/AML with alkylating

agents and etoposide are the major problems

seen with chemotherapy. Bone wasting also

seems to be increased in older patients receiving

chemotherapy. Late effects of treatment on qual-

ity of life and psychosocial functioning have also

been recently identified. Use of less-toxic thera-

pies, in particular limitation of the use of RT, may

make a major contribution to reducing late mor-

bidity and mortality of lymphoma survivors.

Further research into the overall health status

and quality of life of lymphoma survivors is nec-

essary. Guidelines for follow up of HL survivors

should be developed on the basis of real compre-

hensive data along with strategies to address pre-

emptively anticipated potential medical and

psycho-social problems.
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