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Testicular cancer (TC) is the most 
common malignancy in young men, 

with around 18 000 new diagnoses in 
Europe each year.1 While this disease 
often used to have a lethal outcome, 
with the main aim being to increase  
the chance of survival,2 improved 
treatments have now resulted in cure 
rates close to 100% in stage I disease 
and over 80% in metastatic cases.3 
However, studies have shown that TC 
survivors are at increased risk of 
long-term side-effects from the 
treatments, including testosterone 
deficiency (TD)4 and metabolic 
syndrome (MetS) (see Figure 1),5 both 
of which pose their own health risks, as 
well as decreased fertility, pulmonary 
toxicity, nephrotoxicity, neurotoxicity 
and psychosocial problems.6 

Testicular cancer
TC most commonly affects men 
between the ages of 15–40 years3 and 
around 1 in 215 men in the UK will be 
diagnosed with it in their lifetime.7 
	 At diagnosis, 98–99% of TCs are 
unilateral and 90–95% are germ cell 
tumours (GCTs).8,9 Around 50% of 
testicular GCTs are non-seminomas 

and 50% are pure seminomas.3 
Incidence peaks in the third decade of 
life for non-seminomas and the fourth 
decade for pure seminomas.8 
	 Although TC incidence is increasing 
(rates are projected to rise by 12% 
between 2014 and 2035 in the UK, 
with up to 10 cases per 100 000), 
mortality rates are dropping and are 
projected to fall by 35% between 2014 
and 2035 in the UK, to fewer than 1 
death per 100 000.10 
	 The excellent cure rates for TCs are 
attributed to careful staging at 
diagnosis, adequate early treatment 
facilitated by a multidisciplinary 
approach, their chemosensitivity 
(particularly to cisplatin-based 
chemotherapy), strict follow-up and 
salvage therapies.8,11 
	 The main treatments for TC are 
surgery (orchidectomy), radiotherapy 

(RT) and chemotherapy. Orchidectomy 
is the first step for all TCs, regardless 
of stage. If the cancer is detected 
early, orchidectomy may be the only 
treatment required. In more advanced 
stages, orchidectomy is usually 
followed by RT or chemotherapy 
(typically platinum/platin-based).

Testosterone deficiency 
following testicular cancer
Testosterone deficiency causes 
significant physical and psychological 
effects, which can compromise a 
man’s general wellbeing, sexuality and 
fertility.12,13 TD has also been strongly 
associated with MetS,14 and increased 
CV and all-cause mortality.15–19 
	 Primary TD, characterised by low 
testosterone and high luteinising 
hormone (LH) levels, has been 
reported to affect around 20% of TC 
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Figure 1. Cumulative risk of cardiovascular risk factors – overweight, 
hypercholesterolemia, and hypertension – from start of chemotherapy5
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survivors after orchidectomy, with or 
without chemotherapy.20 
	 A systematic review and meta-
analysis of 12 studies evaluated the risk 
of TD in TC survivors based on three 
different treatment combinations:4 
1. Orchidectomy plus standard 
chemotherapy (defined as four cycles 
of platin-based chemotherapy);
2. Orchiectomy plus non-conventional 
chemotherapy (defined as platin-based 
combination chemotherapy with double 
dose cisplatin, >4 cycles of platin-based 
combination chemotherapy, or both 
chemotherapy and infradiaphragmatic 
RT);
3. Orchidectomy plus infradiaphragmatic 
RT.

In the included studies, the follow up 
time varied between two months and 
12 years, and the lower reference limit 
for total testosterone varied from 8 to 
12.1nmol/L. The odds ratios for TD 
were 1.8 (95%; confidence interval [CI] 
1.3–2.5; p=0.0007) in subjects treated 
with orchidectomy plus standard 
chemotherapy compared with 
orchidectomy alone; 3.1 (95%; CI 
2.0–4.8; p<0.0001) in subjects treated 
with orchiectomy plus non-conventional 
chemotherapy compared with 
orchidectomy alone; and 1.6 (95%; CI 
1.0–2.4; p=0.03) in patients treated with 
orchidectomy plus infradiaphragmatic 
RT compared with orchidectomy alone.4 
	 Steggink et al,20 investigated 
insulin-like factor 3 (INSL3; a novel 
marker of Leydig cell function), 
testosterone and LH levels in TC 
survivors in cross-sectional and 
longitudinal cohorts. At a median of 
seven years after orchidectomy and 
chemotherapy, TC patients in the 
cross-sectional cohort (n=79) had 
higher LH levels, (p<0.001) and lower 
testosterone levels (p=0.001) versus 
controls (n=40), but similar INSL3 
levels. TC survivors who received 
orchidectomy alone (n=25) had higher 
LH levels versus controls (p=0.02), but 
comparable testosterone and INSL3. 
	 In the longitudinal cohort, TC 
survivors with normal β-hCG levels 

(≤5mU/L, n=35) pre-chemotherapy 
had increased LH levels one year after 
chemotherapy versus their pre-
chemotherapy levels (p=0.001) but no 
change in testosterone or INSL3. In 
contrast, TC survivors with high β-hCG 
levels pre-chemotherapy (n=35) had 
decreased LH, markedly raised 
testosterone, and low ISNL3 levels 
pre-chemotherapy, but increased LH, 
decreased testosterone and increased 
INSL3 levels one year later (p<0.001 
for all).20 
	 These results showed that in 
chemotherapy-treated TC patients, 
gonadal endocrine function was 
disturbed pre-chemotherapy, one year 
after, and at long-term follow up.20  
	 The ongoing multicentre platinum 
study21 investigated adverse health 
outcomes associated with TD after 
platin-based chemotherapy in 491 TC 
survivors aged less than 55 years at 
diagnosis, and low testosterone levels 
(defined as a serum testosterone 
≤3.0ng/ml [10.7nmol/L] or the use of 
testosterone replacement therapy) 
were found in 38.5% of subjects. 
	 Subjects who were overweight, 
obese, or of older age were more 
likely to have TD, and a genetic 
abnormality in the sex hormone 
binding globulin gene appeared to be  
a predisposing factor in some men, 
although this needs to be confirmed 
by larger studies. Subjects who 
performed vigorous intensity physical 
activity appeared to have higher 
testosterone levels. The type of 
chemotherapy regimen did not 
correlate with TD.21 
	 Compared with TC survivors with 
normal testosterone levels, those with 
TD were more likely to take medications 
for:21

• Dyslipidaemia (20% versus 6%, 
p<0.001); 
• Erectile dysfunction (20% versus 
12%, p=0.02); 
• Hypertension (19% versus 11%; 
p=0.01); 
• Anxiety or depression (15% versus 
10%, p=0.06); 
• Diabetes (6% versus 3%, p=0.07). 

Possible mechanisms for TD 
following TC 
A low testosterone level may be 
present when TC is diagnosed, or it 
may follow treatment for the disease. 
Causes of TD in the presence of TC 
include: 
• Cancer-related damage to the 
testicular cells that are responsible for 
the production of testosterone;
• Orchidectomy;
• Chemotherapy/RT-related damage to 
the remaining testicular tissue;
• Hormonal abnormalities resulting 
from cancer-related stress. 

In Steggink’s study, β-hCG-producing 
tumours were found to affect the 
gonadal endocrine axis, resulting in 
increased testosterone and decreased 
LH levels pre-chemotherapy. The 
changes in testosterone and LH one 
year post-chemotherapy were 
considered largely attributable to 
successful treatment of the cancer and 
elimination of the β-hCG stimulus.20

	 In a prospective study of TC 
patients, almost 40% of those with 
active disease presented with 
elevated oestradiol concentrations, 
compared with only 7% of those 
without active disease. In the active 
disease group, there was a very 
strong correlation between the high 
oestradiol concentrations and elevated 
β-hCG concentrations. Pathologically 
high oestradiol levels interfere with  
the pituitary gonadal axis and may 
increase the risk of TD after treatment 
completion. The source of such high 
oestradiol levels remains unclear.22 
Oestradiol may be secreted by the 
tumour itself, or the Leydig cells, in the 
presence of chorionic gonadotropin.22,23

	 Orchidectomy, of course, 
immediately halves the number of 
Leydig cells that produce testosterone 
in the presence of LH.20

	 Residual Leydig function may be 
reduced by RT and/or chemotherapy. 
The testicles are highly radiosensitive 
and may be damaged by direct or 
scattered radiation from adjacent 
tissues, with the degree of damage 
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dependent on the dose. The degree  
of gonadal damage resulting from 
chemotherapy will depend on the 
type(s) used and cumulative dose(s).24 
The risk of TD appears to be greatest in 
the most heavily treated patients.4 
	 Many patients with cancer will find 
the experience psychologically stressful. 
Stress increases cortisol production and 
may decrease testosterone levels,25 
with secondary increases in serum LH 
and FSH levels.26 Increased cortisol and 
decreased testosterone may, in turn, 
contribute to increased stress.25 
	 An increased risk of accelerated 
hormonal ageing has been reported in 
TC survivors over the long term (ie 20 
years after TC treatment).27

	 Other research has shown that 
Leydig cell function may recover more 
than two years after TC treatment,20 
emphasising the importance of regular 
follow-up and monitoring in these men.

MetS following TC
MetS is a clustering of risk factors for 
cardiovascular disease (CVD) and  
type 2 diabetes mellitus (T2DM). 
These include abdominal obesity, 
raised blood pressure, dyslipidaemia 
(raised triglycerides and lowered HDL 
cholesterol), and raised blood glucose. 
Patients with MetS are twice as likely 
to develop CVD over the next five to 
10 years as those without it, and their 
lifetime risk will be greater still. MetS 
also confers a five-fold increase in the 
risk of T2DM.28 
	 A study published in 20135 
investigated the development of MetS 
after chemotherapy for TC in two 
studies. Study 1 retrospectively 
evaluated the development of CV risk 
factors in 370 TC survivors treated with 
chemotherapy who were followed up 
for three or more years (see Figure 1). 
Study 2 evaluated MetS prevalence and 
vascular function in 173 of those 
patients compared with 1085 controls, 
over 3–20 years (see Figure 2). 
	 In study 1, 24% of TC survivors 
developed hypercholesterolaemia, 
24% became overweight and 30% 
developed hypertension after a median 

follow up of 0.9, 1.7, and 5.1 years, 
respectively. In study 2, 25% of TC 
survivors had MetS after a median 
follow up of five years, equating to a 
2.2 (95% CI 1.5–3.3) times higher risk 
than in the general population. MetS 
prevalence increased with age from 
13.3% in TC survivors aged 18–30 
years, to around 35% in those aged 
40–60 years. The presence of MetS 
was associated with lower baroreflex 
sensitivity and increased carotid artery 
intima-media thickness, which may 
precede overt CVD.5 
	 Of the MetS components, (see 
Table 1) high blood pressure was the 
most common (affecting 59%), followed 
by low HDL cholesterol (44%), raised 
triglycerides (29%), central obesity 
(17%), and high glucose levels (14%). 
Overweight and hypercholesterolaemia 
were detected mainly within the first 
five years post-chemotherapy, while 
the risk of hypertension, which may 
indicate vascular damage, extended 
beyond a follow-up period of 10 years, 
highlighting the importance of long-
term follow up in these patients.5

	 The study data also showed an 
association between total testosterone 
levels and MetS. The TC survivors with 
unsupplemented total testosterone 
levels <15mmol/L (22%) had an 
approximately four-fold increased risk 

of MetS, which was particularly 
associated with abdominal obesity.5

	 The study authors concluded that 
TC survivors treated with chemotherapy 
appear to develop MetS at an earlier 
age than controls, and this is often 
accompanied by early signs of 
atherosclerosis. Low testosterone 
may play a causal role.5

	 The ongoing platinum study29 
evaluated clinical and genetic MetS risk 
factors in North American TC survivors 
(mean age 38.1 years), using matched 
controls from the National Health and 
Nutrition Examination Survey. MetS 
was defined as three or more of the 
following:
• Abdominal obesity;
• Hypertension;
• Hypertriglyceridaemia;
• Decreased high density lipoprotein 
cholesterol (HDL-C);
• Diabetes.

TC survivors were significantly more 
likely to have hypertension than 
controls (43.2% versus 30.7%; 
p<0.001), elevated LDL cholesterol 
levels (17.7% versus 9.3%; p<0.001), 
elevated total cholesterol levels 
(26.3% versus 11.1%; p<0.001) and a 
body mass index ≥25kg/m2 (75.1% 
versus 69.1%; p=0.04), but they were 
less likely to have abdominal obesity 

Figure 2. Prevalence of the metabolic syndrome in TC survivors and in controls 
according to age category5
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(28.2% versus 40.1%; p<0.001) or 
decreased HDL-C levels (23.7% versus 
34.8%; p<0.001).29 
	 The finding of a smaller waist 
circumference but higher BMI in TC 
survivors versus controls was 
surprising, but may be a result of the 
increased femoral bone and 
subcutaneous adipose tissue 
deposition observed in subjects with 
TD compared with those without.29,30 
The lower prevalence of low HDL-C 
levels observed in TC survivors versus 
controls may be the result of reduced 
androgen levels not suppressing HDL-C, 
as physiological testosterone levels in 
normal men suppress HDL-C levels.29,31

	 MetS frequency was similar 
between both groups overall (21.0% in 
TC survivors versus 22.4% in controls; 
p=0.59), it did not vary by treatment 
(p=0.20) and it was not related to a 
single nucleotide polymorphism in 
rs523349 (p=0.61), which has recently 
been implicated in MetS risk. TC 
survivors with MetS had a significantly 
higher prevalence of obesity (60.8% 
versus 22.7%; p<0.001) and TD 
(46.1% versus 26.8%; p<0.001) than 
those without MetS. A testosterone 
level ≤3ng/mL (10.7nmol/L) was also 
significantly associated with MetS 
(odds ratio 2.06; p=0.005).29 

	 The metabolic abnormalities 
observed in TC survivors were thought 
to suggest possible shifts in fat 
distribution and metabolism, 
accompanied by TD and inflammation. 
The study authors concluded that the 
high prevalence of CVD risk factors in 
these patients may not be fully 
captured by standard MetS criteria, 
and MetS related to cancer treatment 
requires further characterisation.29 

Possible mechanisms for MetS 
following TC
While previous research has linked  
low testosterone levels with a higher 
fat mass, BMI and abdominal fat 
distribution in TC survivors,32 the 
Platinum study found that TC survivors 
had smaller waist circumferences in 
comparison to controls.29

	 The aetiology of cancer treatment-
related MetS appears to differ from that 
in the general population, where 
excess calorie intake and a sedentary 
lifestyle are the primary causes. Cancer 
treatment-related MetS is multifactorial 
and differs between individual patients 
depending on their cancer diagnosis and 
treatment. TD and chemotherapy are 
thought to be the main contributors.29,33

	 While chemotherapy can affect 
taste and smell, research has shown 
that impaired taste function was not 
related to a different dietary intake in TC 
survivors versus controls, so this is an 
unlikely contributor to the increased 
prevalence of MetS.32 

	 Testosterone levels <15nmol/L have 
also been associated with high blood 
glucose levels, which correlates with 
the independent association between 
low to normal testosterone levels and 
insulin resistance seen in older men.5,34

Follow-up and monitoring in TC 
survivors
Because TC survivors appear to be at 
increased risk of TD, MetS and CVD,4,5 
careful follow-up and monitoring is 
important for the early detection and 
timely treatment of TD and CV risk 
factors to help reduce CVD risk.
	 The relatively high prevalence of 
Leydig cell dysfunction in TC survivors, 

Study I  
(n = 370)

Study II  
(n = 173)

Baseline characteristics

Age at start chemotherapy 
(years)

Median (range) 28 (16–64) 28 (16–52)

Chemotherapy regimen:

  BEP/EP n (%) 262 (71%) 159 (92%)

  PVB 27 (7%) 0 (0%)

  PVB+ 42 (11%) 0 (0%)

  PVB/BEP 15 (4%) 1 (1%)

  Other 24 (7%) 13 (7%)

Follow up data

Follow up duration (years) Median (range) 12 (3–29) 5 (3–20)

Age at end follow-up (years) Median (range) 42 (19–73) 37 (19–59)

Deceased: n (%) 25 (7%) not applicable

  Death of testicular cancer 14 (4%) –

CHD: n (%) 19 (5%) not applicable

  Age at CHD (years) Median (range) 49 (30–62) –

  Follow-up duration at CHD 
(years) 

Median (range) 15 (0–28) –

CHD = coronary heart disease. Chemotherapy regimen: BEP = bleomycin, etoposide, cisplatin; EP = 
etoposide, cisplatin; PVB = cisplatin, vinblastin, bleomycin; PVB+ = PVB followed by maintenance 
therapy with cisplatin and vinblastin; PVB/BEP = alternating courses of PVB and BEP; Other = CEB 
(carboplatin, etoposide, and bleomycin), or BOP/VIP (bleomycin, vincristin, cisplatin/etoposide, 
ifosfamide, and cisplatin)

Table 1. Baseline characteristics and follow up data of testicular cancer patients5
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implies that hormonal status should be 
regularly assessed.6 This may also help 
identify men at high risk of MetS and 
CVD.2 Testosterone replacement 
therapy should be considered in the 
presence of biochemical evidence of 
TD and persistent clinical symptoms. 
	 Annual follow-up would therefore 
seem appropriate, including CVD risk 
factor screening and measurement of 
BP, waist circumference, height, weight 
and BMI, HBA1c and testosterone 
levels. Lifestyle advice should include 
the importance of smoking cessation, 
regular physical activity and the 
consumption of a healthy, balanced diet. 
	 It is worth bearing in mind though, 
that current MetS criteria were 
originally developed for the general 
population, so they may not cover the 
full spectrum of metabolic abnormities 
seen in TC survivors.29 
	 The fact that cisplatin may remain 
detectable in plasma up to 20 years 
after chemotherapy for TC,5,35 and may 
still be partially reactive,5,36 highlights 
the risk of long-term toxicity and the 
importance of extended follow-up in 
these patients, to monitor possible 
adverse effects.
	 In TC survivors, long-term, persistent 
treatment-related side effects are 
associated with both impaired physical 
and mental quality of life.3 If patients are 
warned about the potential long-term 
toxicity of their cancer therapy it may 
facilitate early identification and 
reporting of any treatment-associated 
health problems, and help prevent 
MetS and CVD from occurring.
	 Other long-term effects of TC 
treatment include decreased fertility, 
pulmonary toxicity, nephrotoxicity, 
neurotoxicity and psychosocial 
problems. Their incidence and time of 
onset will vary according to treatment 
type and intensity.6 

Conclusion
TC survivors may be at risk of various 
long-term treatment-related adverse 
effects, including TD and MetS, which 
can compromise health and wellbeing. 
TC commonly affects younger men, 

and with survival rates increasing, 
these men may suffer the effects of 
such chronic conditions over an 
extended length of time. Primary care 
practitioners need to be alert to the 
risks following TC and employ careful, 
regular follow-up in patients who have 
received treatment for this disease.
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