
Dir Dott Cesare Guida
UOC Radioterapia ODM
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Could that be a problem
for a physician?



RIH
Radiation induced hypopituitarism
is a chronic onset disorder that can 
result in a variable and progressive 
impairment of pituitary function.

Hypopituitarism is a common
consequence of RT and is associated
with increased morbidity and
mortality.



The mechanisms underlying the characteristically 
evolving pattern of RIH is not known

The thyrotroph and corticotroph axes are 
known to be less sensitive to radiation damage 
and develop later

Although 61% of patients present the usual 
temporal sequence of pituitary failure (GHD, 
gonadotrophins, ACTH and, last, TSH 
deficiency), RIH can present with any 
temporal sequence of hormonal deficiencies. 

RIH is a concept of probability, and this probability 
increases with time.



RT & RIH

NEOPLASM SUBTYPES COMMON ENDOCRINE SEQUELAE



In contrast to the long-term survivors of
cranial radiotherapy in childhood, endocrine surveillance
programs have not been routinely incorporated in adults
treated with cranial radiotherapy. 

In the last few decades, survival rates of patients
treated with cranial radiotherapy for various malignancies
as well as for benign tumors have improved substantially
by introduction of new surgical, radiotherapeutical, and
chemotherapeutical options.



GH axis is the most vulnerable to 

radiation damage . The frequency of 

deficiency can reach 50–100% within 

3–5 years of cranial irradiation with 

doses  of 30–50Gy

TSH and adrenocorticotropic
hormone deficiency occur in 3–6%
of patients after conventional
irradiation

(30–50Gy).

Abnormalities GH are

dose-dependent

The frequencies of gonadotropin, adrenocorticotropic hormone and 
TSH deficiencies substantially increase with intensive irradiation 
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RIH as a dose-
related 

complication

occurs more commonly 
following total doses of 

45 Gy or fraction 
doses of 1.8 Gy

is virtually universal in the 
high-end of the dose 

spectrum, with total doses 
as high as 60 Gy

the effects of radiation
on tissues can vary
markedly depending on
the fractionation
schedule and tissue
radiosensitivity

these variables are included 
in the concept of BED, which 

predicts antitumoural
efficacy and side effects of

radiation treatments

Radiobiology



Littley MD, Shalet SM, Beardwell CG, Ahmed SR, Applegate G, Sutton ML.

Hypopituitarism following external radiotherapy for pituitary tumours in adults. Q J Med. 1989 

The reported prevalence of pituitary hormone deficits after fractionated (i.e. 
conventional) radiotherapy with doses of 30-50 Gy in patients with pituitary 
tumors and/or after pituitary surgery are, therefore, equivalent to the effects 
of intensive radiation schedules (50–70 Gy) in patients with nonpituitary brain 
tumors.

Chen MS, Lin FJ, Huang MJ, Wang PW, Tang S, Leung WM, Leung W. Prospective hormone study of hypothalamic-pituitary

function in patients with nasopharyngeal carcinoma after high dose irradiation. Jpn J Clin Oncol. 1989 

Early anterior-pituitary dysfunction seems less likely after 
stereotactic radiosurgery for pituitary adenomas than after 
fractionated radiotherapy; however, the long-term, cumulative 
incidence of anterior-pituitary dysfunction is not dissimilar and 
can be as high as 66%.1 
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BUT ALSO



PATHOPHYSIOLOGY



BED related

Time interval from RT

PATHOPHYSIOLOGY 



PATHOPHYSIOLOGY 

Influence of age at irradiation 

Early observations

The frequency of GH deficiency suggested that younger 
age  increases vulnerability to radiation damage



PATHOPHYSIOLOGY
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Samaan S et al (1987) Endocrine complications after

radiotherapy for tumors of the head and neck. J Lab
Clin Med
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BUT BOTH

VASCULAR ETIOLOGY              DIRECT DAMAGE TO THE CELL 
ARE PROPOSED
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Hypopituitarism and 
mortality

The prognosis of patients with RIH is in great 
measure influenced by the underlying disease 
and other effects of cancer treatment

However, hypopituitarism may be an 
independent risk factor for mortality, 
particularly due to cerebrovascular causes

Radiation induced damage to the vascular 
wall may be the cause of the enhanced 
cerebrovascular atherogenicity in 
irradiated patients





What about the RT technique ?
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OUR LIMITS….





New techniques of radiotherapy

FSRT SRT

TUMOR CONTROL
TOXICITY

STEREOTAXIC

STEREO -> DEALING WITH THREE DIMENSIONS OF SPACE

TAXIS -> REFERRING TO THE MANUAL RESTORATION OF 
A DISPLACED BODY PART



STEREOTACTIC RADIOSURGERY

GAMMA KNIFE

CYBER KNIFE

MODIFIED LINAC

CAN BE FRAMED OR FRAMELESS

WE USE FRAMLESS LINAC IMAGE GUIDED RT 
(IGRT WITH ON-LINE CONE BEAM CT SCAN )  
AND VMAT ( VOLUMETRIC RT)



STEREOTACTIC RADIOSURGERY



STEREOTACTIC RADIOSURGERY



RadioTherapy
ODM





NO LIMITS….BUT



DOSE CONTRAINTS IN SRS



WHAT ARE WE DOING?
Hippocampal Contouring: 
A Contouring Atlas for RTOG 0933



COMPARISON OF RADIATION TECHNIQUES



 The advent of modern radiotherapy has contributed to improved survival and 
QoL in patients with a variety of malignancies and benign tumours, albeit with 
an increased risk of treatment related side effects.

 RIH is to be one of the most common sequelae of RT.

 While hypothalamic–pituitary sparing techniques are being developed, 
strategies for risk-assessment and early recognition of RIH and other 
adverse effects should be initiated at completion of radiation treatments

 As regards RIH, pathophysiological tailoring of biochemical assessment and 
current availability of  replacement therapies closer to the physiology of the 
normal pituitary gland is expected to further improve outcomes in this 
population

 However, other possible side effects of the primary neoplasm and its 
treatments on the pituitary function, its target organs and the general health 
outcome should also be considered

 The recognition and management of radiation-induced brain disorders, 
endocrine and systemic effects of radiation and chemotherapy and the 
sequelae of the primary tumour are important tools for optimising outcomes

 As the population of cancer survivors continues to increase and cancer 
treatments evolve in a constant endeavour to improve survival rates, renewed 
efforts for defining and treating the sequelae of future cancer survivors 
should be undertaken.


