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a b s t r a c t 

Childhood cancer is relatively rare, and nowadays it is curable in more than 80% of children. Childhood 

cancer therapy is directed not only at improving survival but recently, we also concentrate on reducing 

late effects. We want children who have a diagnosis of cancer to survive and have an excellent quality of 

life. Gynecomastia and fertility outcome of the survivors of childhood malignancies should be considered 

in the follow-up of teen agers and young adults and should be approached in an accurate manner and 

managed in comprehensive teams. 

© 2019 Elsevier Inc. All rights reserved. 
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Treatment of cancer in children can be associated with a variety

f long-term complications, such as impaired growth and develop-

ent, cognitive dysfunction, cardiopulmonary disorders, endocrine 

nd gonadal dysfunction, musculoskeletal complications, and sec- 

ndary malignancy [1] . Evidence has convincingly established that

ong-term survivors of childhood malignancy unfortunately have a

igher morbidity [1, 2] . Over the past 30 years, the five-year sur-

ival rate for children, adolescents, and young adults with cancer

as increased from less than 60% to more than 80%. Continuing

are of survivors is important due to the risks associated with pos-

ible late effects [3, 4] . 

All treatments including radiation therapy, surgery, or 

hemotherapy reduce both germ cells and endocrine gonadal

unction among male survivors of malignancy [5] . Gynecomastia

sually presents as subareolar swelling that is compressible, soft,

nd flexible without nipple retraction or discharge [6] . Gyneco-

astia can result from changes in estrogen-androgen balance,

pecifically, an increased estrogen effect and a decreased androgen

ffect [7] . The causes of gynecomastia with their prevalence in

ale adolescent are summarized in Table 1 [8] . 
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Among chemotherapeutic agents, the vinca alkaloids, alkylat- 

ng agents, methotrexate and others can cause gynecomastia. The

echanism that is involved in the induction of gynecomastia by

hemotherapeutic agents involves damage to the Leydig cells with

 reduction in the levels of androgens, and a relative increase in

strogens resulting in symptoms of Leydig cell failure [7, 9] . In the

ale survivors, neuroendocrine complications, leading to infertility 

r gynecomastia are important for both parents and young adults.

herefore, the aim of this review is to discuss the occurrence of

ynecomastia in male survivors of childhood cancer. 

ate effects in survivors of malignancy 

It is necessary for primary care physicians, pediatricians, and

nternists to have an understanding of the potential late effects

f cancer treatment on neuroendocrine, neurocognitive, reproduc- 

ive, and cardiac function in survivors of childhood cancer [10] . In

ales who survive childhood cancers, neuroendocrine complica- 

ions, leading to infertility or gynecomastia are important both for

arents and young adults [11] . Since many late effects of cancer

reatment during childhood are preventable or manageable, life-

ong follow-up care is recommended for all childhood cancer sur-

ivors [12] . 

he incidence of late effects among childhood cancer survivors 

The incidence of late effects increases when the time of can-

er diagnosis is delayed. Population-based studies have found an
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Table 1 

The etiologies of gynecomastia with their prevalence in male adolescence (from ref- 

erence [8] .) 

Causes of gynecomastia Frequency 

Pubertal gynecomastia 25% 

Idiopathic gynecomastia 25% 

Drug-Induced gynecomastia 10-25% 

Cirrhosis or malnutrition 8% 

Primary hypogonadism 8% 

Testicular tumors 3% 

Secondary hypogonadism 2% 

Hyperthyroidism 2% 

Chronic kidney disease 1% 

Others 6% 

e

t

[  

v

f  

c

t  

m

e

E

s

e

t

t

t  

m

d  

s

a

t

h

w

o

e

r

m  

a  

g

p

c

m  

a

p

t

w  

t

a

G

t  

c

t

p

i

o

n  

p  

e

g

c  

h

–

d

t

t

e

i

T

T

xcess of hospital-related morbidity among survivors of cancer in 

heir childhood or as young adults when compared with others 

10, 13, 14] . Importantly, the mortality rate of childhood cancer sur-

ivors is remarkable, as evidenced by the fact that approximately 

orty percent of childhood cancer survivors have a late effect of

ancer that is severe, life-threatening, and/or disabling 30 years af- 

er their cancer diagnosis [15] . Potential strategies for reducing late

ortality in survivors of childhood cancer include increasing the 

fficiency and accuracy of screening methods [16] . 

ndocrine and gonadal dysfunction as the late effects in 

urvivors of malignancy 

Radiation therapy can adversely influence the head, brain, and 

ven with some scatter radiation structures in the neck. Amongst 

hese structures, the hypothalamic-pituitary axis is very sensitive 

o radiation. Risk factors for hormonal dysfunction include the to- 

al dose of radiation. Growth hormone deficiency is the most com-

on neuroendocrine disturbance. This can occur with low dose ra- 

iation, such as low doses of cranial radiation for central nervous

ystem involvement with leukemia, or even with lower dose such 

s those administered with total body irradiation before stem cell 

ransplantation. Actually, about 50% of brain tumor survivors will 

ave severe growth retardation and growth hormone deficiency 

ithin 5 years following a dose of 3500 rad [17, 18] . 
able 2 

he details of studies that revealed gonadal damage in survivors of childhood cancer. 

Study (date) description Cause 

Ortin et al. (1990) Childhood Hodgkin’s lymphoma 

survivors 

Gonadal dam

Shafford et al. (1993) Childhood Hodgkin’s lymphoma 

survivors 

Gonadal dam

Mackie et al. (1996) Childhood Hodgkin’s lymphoma 

survivors 

Gonadal dam

Papadakis et al. (1999) Childhood Hodgkin’s lymphoma 

survivors 

Gonadal dam

Heikens et al. (1996) Childhood Hodgkin’s lymphoma 

survivors 

Gonadal dam

Aki FT, et al (1996) Metastatic testicular cancer Destruction o

testosterone-p

Gerres et al. (1998) Childhood Hodgkin’s lymphoma 

survivors 

Gonadal dam

Cicognani et al. (20 0 0) Childhood Hodgkin’s lymphoma 

survivors 

Gonadal dam

Ben Arush et al. (20 0 0) Childhood Hodgkin’s lymphoma 

survivors 

Gonadal dam

Harris E, et al (2001) Bone marrow transplant recipients 

receiving high-dose chemotherapy and 

total body irradiation 

Testicular fail

hypergonadot

hypogonadism

van Beek et al. (2007) Childhood Hodgkin’s lymphoma 

survivors 

Gonadal dam
Hypothyroidism is the most common nonmalignant late effect 

f malignancy. This complication is seen with radiation exposure, 

specially in patients with Hodgkin disease, who typically have had 

adiation to the neck or the mediastinum. Thyroid disturbances 

ay be seen after cranial radiation, radiotherapy to the neck, chest,

nd even spine with a small amount of scatter up to the thyroid

land [18-20] . 

Gonadal late effects are important for both patients and their 

arents who are often understandably concerned about their 

hild’s subsequent fertility and whether this will be normal. Sper- 

atogonia and the germ cells in the ovaries are sensitive to radi-

tion, and certain types of chemotherapy, particularly cyclophos- 

hamide and other alkylating agents [2, 8, 17, 21] . 

Age and dose of chemotherapy and radiation are important fac- 

ors, with younger patients having reduced risk. by comparison, 

hen therapy is administered to a child near the time of puberty,

he risks of azoospermia, infertility, delayed onset of menarche, 

nd even premature menopause are increased [2, 8, 22] . 

ynecomastia as a late complication of childhood cancer 

The histological definition of gynecomastia is benign prolifera- 

ion of glandular tissue in the male breast with clinical findings in-

luding the existence of an elastic or well-circumscribed mass ex- 

ending from center of the nipple. Fat deposition without nodular 

roliferation is named pseudogynecomastia and is frequently seen 

n fat men [7, 23] . 

Gynecomastia as a late complication of male cancer survivors 

ften presents psychologic challenges. Therefore, accurate recog- 

ition of the causes and the best diagnostic and therapeutic ap-

roaches is very important [1] . Table 1 summarizes the differ-

ntial diagnosis that should be considered in any male with 

ynecomastia. As regards a male survivor of childhood can- 

er, causes related to their cancer and its therapy should be

igh in the differential. These include the treatment received 

chemotherapy, radiation therapy as well as nonchemotherapy 

rugs – and the disease itself. Among chemotherapeutic agents, 

he list includes alkylating agents, nitrosoureas, vincristine, ima- 

inib, methotrexate, and cisplatin. As regards radiation, ports that 

ncompasse the male genital tract can cause gynecomastia by lead- 

ng to Leydig cell dysfunction and consequently hypergonadotropic 
Findings References 

age Increased serum FSH, LH [33] 

age Increased serum FSH, LH [35] 

age Increased serum FSH, [32] 

age Increased serum FSH, [34] 

age Increased serum FSH, LH [31] 

f 

roducing tissue 

Increased serum FSH, LH, and estradiol 

levels with normal testosterone levels 

[26] 

age Increased serum FSH, LH [29] 

age Increased serum FSH, [28] 

age Increased serum FSH, LH [27] 

ure and 

rophic 

 

High LH levels and low-normal 

testosterone levels 

[30] 

age Increased serum FSH, [36] 
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Fig. 1. Algorhythmic guideline of approach to gynecomastia in cancer survivors. 

LH = luteinizing hormone, FSH = Follicle-stimulating hormone, T = serum testosterone level, beta hCG = beta human chorionic gonadotropin, TFT = Thyroid function test, 

MRI = Magnetic resonance imaging. 
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ypogonadism [7, 18] . Additionally, radiation therapy of the brain

n children with brain tumors can cause hypogonadotropic hy-

ogonadism due to androgen deficiency [8] . Etiologies for gy-

ecomastia ascribed to tumors include secretion of β-hCG caus-

ng gynecomastia in men with testicular tumors and secretion of

strogen by adrenocortical tumors. In the case of β-hCG, Ley-

ig cells dysfunction occurs as a consequence of the inhibition

f the cytochrome P450c17 enzyme [24] . With adrenocortical

umors, dehydroepiandrosterone, dehydroepiandrosterone-sulfate, 

nd androstenedione are converted in the periphery to estro-

ens and serum levels of estradiol, and 17-hydroxyprogesterone
re increased, whereas serum testosterone levels are reduced

7, 25] . 

Other drugs including cimetidine, ranitidine, and proton pump

nhibitors can cause Gynecomastia via a mechanism distinct from

hat of chemotherapeutic agents [9,19] . Patients being treated

ith chemotherapy may simultaneously receive nonchemotherapy 

gents that can cause gynecomastia, including cimetidine, raniti-

ine, and omeprazole, these agents also may worsen the gyneco-

astia induced by chemotherapeutic agents [7] . 

Finally, rare diseases like Klinefelter’s syndrome can cause

rimary testicular failure. While varicoceles of the testes also



4 M. Shahriari, K. Ghasemi and M. Bordbar et al. / Seminars in Oncology xxx (xxxx) xxx 

ARTICLE IN PRESS 

JID: YSONC [mUS5Gb; May 22, 2019;8:8 ] 

c

t

i

t  

t

a

t  

T

i  

s

p

g

i  

t

T

c

c

[  

(  

i

t

a

r  

d

t  

n

(  

s

s

G

m

 

t

s

s

T

m

b  

c  

t  

s

a  

y

h  

c  

i

C

A

m

m

i

S

f

0

R

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[  

[  

[  

 

[

[  

 

[  

[  
an cause gynecomastia by reducing production of testosterone 

hrough dysfunction of 17 β-hydroxy steroid dehydrogenase activ- 

ty [25] . 

As alluded to above, the pathogenesis of gynecomastia appears 

o principally arise from an imbalance of the androgenic and es-

rogenic effects on breast tissue. Estrogens increase the prolifer- 

tion of breast tissue, while androgens inhibit proliferation. Both 

ypes of hormone receptors exist in the normal male breast tissue.

herefore, gynecomastia occurs with deficiency of androgens, or an 

ncrease in levels of estrogen [18] . Additionally, several studies in

urvivors of childhood cancer, especially those with Hodgkin lym- 

homa have reported gonadal damage as the main mechanisms of 

ynecomastia. In those studies, the most common findings include 

ncreased LH and FSH with normal or low-normal level of testos-

erone. Those studies are summarized in Table 2 [26-36] . 

he clinical approach to gynecomastia as a late complication in 

hildhood cancer survivors 

The evaluation of gynecomastia in a survivor of childhood can- 

er should begin with a history and detailed physical examination 

25, 37] . In the history, the focus includes obtaining information on:

1) the duration of gynecomastia; (2) the family history; (3) the ex-

stence of associated symptom, for example, pain or discharge from 

he nipple; (4) the type and cumulative dose of chemotherapeutic 

gent, especially cyclophosphamide; (5) the location and dose of 

adiotherapy; (6) the coexistence of a chronic illness such as liver

isease, renal disease, and hyperthyroidism; (7) current medica- 

ions with attention to those that may cause or help promote gy-

ecomastia in someone who might have a predisposing factor; and 

8) how this problem is affecting psychosocial well-being [8, 25, 37] .

On physical examination, the health care provider must pay 

pecial attention to: (1) a detailed breast examination; (2) tanner 

tage; and (3) the size of the testes [37] . 

uideline-base approaches to gynecomastia in cancer survivors 

Figure 1 summarizes guideline-based approaches to gyneco- 

astia in cancer survivors. 

At first, a detailed history and physical examination are impor-

ant. Liver and renal function tests and bilateral breast sonography 

hould be done. Then, FSH, LH, testosterone, estradiol, and β-hCG 

hould be checked. 

he treatment of gynecomastia in cancer survivors 

The treatment of drug-induced gynecomastia includes both 

edical and surgical approaches. The duration of gynecomastia, a 

reast size of more than 10 cm, tanner stage ≥3, and psychoso-

ial impairment of patients are the main factors for determining

he type of treatment [25, 37] . Medical treatments include antie-

trogen (tamoxifen, raloxifene, and clomiphene), testosterone ther- 

py, and danazol. If the duration of gynecomastia is more than 1

ear because of fibrous tissue formation, then medical treatments 

ave no benefits [7, 18, 19] . Surgical mastectomy is recommended in

ases that have had gynecomastia for more than 1 year, especially

f there is no improvement after medical therapy, [7, 18] . 
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