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Traumatic brain injury (TBI) and cancer-induced growth hormone deficiency (GHD) 

TBI-induced GHD

TBI can result in primary 
mechanical events and 
consequent secondary 
effects that lead to 
hypopituitarism (Figure 1)

The anatomy of the 
pituitary gland (Figure 2) 
places TBI patients at 
higher risk of GHD than of 
other pituitary deficiencies 

The acute stress response confounds evaluation of GHD in the initial phases after TBI (Figure 3)

Cancer-induced GHD

GHD can be induced by a tumor (eg optic pathway glioma or 
pituitary macroadenoma), neurosurgery or radiotherapy in 
the hypothalamic–pituitary (HP) area

GHD can also be induced by immune checkpoint or tyrosine 
kinase inhibitors 

The level of HP damage by radiotherapy depends on the 
scatter of the radiotherapy dose, which varies with the type of 
radiotherapy (Figure 4)8

Immune checkpoint inhibitors 
(eg ipilimumab)

GH is usually the first hormone to be 
affected by radiotherapy, and GHD is the 
most common anterior pituitary 
dysfunction in CCS
50–100% of patients treated for 
non-pituitary central nervous system 
(CNS) tumors develop GHD after cranial 
radiotherapy of 30–50 Gy10

Almost all patients treated with HP 
irradiation of 30–50 Gy (eg for high-risk 
medulloblastoma, pituitary adenoma, CNS 
germinoma) develop GHD by 5 years after 
cranial radiotherapy10

The risk of GHD after radiotherapy increases with: 
How common is GHD after TBI?

When does GHD manifest after TBI?

How should TBI-induced GHD be detected and treated?

Figure 2. Susceptibility of the pituitary gland to damage by TBI
ACTH, adrenocorticotropic hormone; FSH, follicle-stimulating hormone;      
GH, growth hormone; LH, luteinizing hormone; PRL, proline;                      
TSH, thyroid-stimulating hormone

Figure 3. Timeline of hypopituitarism after TBI3–6

There were >837,000 TBI-related 
emergency department visits, hospitalizations 
and deaths in the USA for children in 20141

Leading causes of TBI:1 

In adults, monitor 
fatigue, exercise 
endurance, central 
fat distribution and 
dyslipidemia

GHD is the most common pituitary dysfunction after TBI:

How can TBI cause GHD?
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Figure 4. Dose distributions following different types of 
radiotherapy8

Reproduced from Brodin et al 2011, by permission of Taylor & Francis

How common is GHD in childhood cancer survivors (CCS)?

When does GHD manifest after 
cranial radiotherapy? 

How should cancer-induced GHD be detected and treated?
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Figure 1. Mechanisms of hypopituitarism after TBI 
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Younger children (aged 0–4 years): falls

Older children (aged 5–14 years): 
being struck, eg sports injuries, violence

Adolescents (aged 15–17 years): 
motor vehicle accidents

Prevalence varies because of di�erent study populations, 
di�erent time intervals between TBI and GHD 
assessment, and lack of standardization of GHD testing 

GHD prevalence is highest after severe TBI:3

Reported 
prevalence: 

2–68%2

Risk factors for GHD after TBI include hypoxia, di�use brain 
swelling, increased intracranial pressure, hypotension, longer 
duration of intubation/hospitalization/coma, and anatomic 
abnormalities on radiologic scans  
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Recovery of some pituitary 
function may possibly occur 

years after TBI

Hypopituitarism 
tends to persist even 

5 years after severe TBI

Prolonged acute stress response
• GH resistance • Non-thyroidal illness
• Suppression of the HP–gonadal axis
• Hyperprolactinemia

GH resistance
High rate after initial trauma 
but diminishes by 1 year

In children, 
monitor height 
every 
6–12 months

The diagnostic 
accuracy of 
dynamic tests for 
GHD in TBI patients 
is the same as for 
non-TBI patients

GHD screening is not 
recommended after mild, 
low-risk TBI, or severe 
TBI that significantly 
reduces life expectancy/ 
quality of life2

Figure 5. Development of childhood GHD after cranial radiotherapy*11

*Diagnosis will depend on the peak GH level cut-off defined as indicating GHD
Reproduced from Merchant et al 2011, by permission of the American Society of Clinical 
Oncology
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The diagnostic accuracy of dynamic tests for GHD in CCS is the same 
as for non-CCS

Potential risks of GH therapy:
 • Multiple studies show no increased risk of tumor recurrence13

 • CCS who have received radiotherapy are more likely to develop secondary neoplasms, regardless of GH therapy 
 – Relative risk of secondary neoplasms for GH-treated versus untreated patients decreases over time14

 – Current data suggest no significant association between GH therapy and secondary neoplasms of the CNS1
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Hypopituitarism may develop after the acute phase

GH therapy is recommended for 
patients with TBI-induced GHD, and it:

• Reduces depression7

• Reduces fatigue7

• May improve cognition7

Decreased peak GH level is seen earlier 
and is more pronounced after higher 
doses of cranial radiotherapy (Figure 5)11
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Recommendations for monitoring and diagnosis:12

 • Lifelong periodic clinical assessment for CCS  
      exposed to HP axis radiotherapy of ≥18 Gy
 • Height assessment in children every 
      6–12 months
 • Do not rely solely on serum IGF-I levels 
      for diagnosis
 • Formal GHD testing is not required if there 
      are three other confirmed anterior pituitary     
      deficiencies

Recommendations for treatment:12

 • GH therapy for CCS diagnosed with GHD, based on demonstrated
  safety and efficacy
 • Suggest waiting until patients have been disease-free for 1 year
  before initiating GH therapy
 • If patients have chronic stable disease (eg optic pathway tumors),
  discuss appropriateness and timing of GH therapy with an 
  oncologist 

How can cancer or cancer treatment cause GHD? 

Can be associated with hypopituitarism, 
more commonly ACTH or TSH 
deficiencies rather than GHD

Tyrosine kinase inhibitors 
(eg imatinib)

Impair growth by directly 
affecting growth plates, 
but may cause GHD
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After lower doses of cranial radiotherapy 
(eg 18‒24 Gy), pubertal GH insufficiency 
is more common than prepubertal GHD10

   IGF-I, insulin-like growth factor I

TSH

Prevalence 
after cranial 
radiotherapy: 

46.5%9

Hypopituitarism decreases 
over time, especially after 

mild to moderate TBI

Hypopituitarism at this point is 
often not associated with 

hypopituitarism at 12 months 

Early acute phase Acute phase Prevalence 56% Prevalence 36%


