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Initial Response

The first observed effects following radiot​‐
herapy are vascular and inflam​matory.

The most commonly seen effect is
erythema (redde​ning) of the skin or mucous
membranes.

This is due to release of cytokines from
irradiated cells, partic​ularly endoth​elial cells
and macrop​hages. These factors exert a
paracrine effect on the area, leading to
vascular dilatation and the resulting
erythema and sensation of pain.

Acute radiation responses occur mainly in
renewal tissues and have been related to
death of critical cell popula​tions such as the
stem cells in the crypts of the small
intestine, in the bone marrow, or in the
basal layer of the skin. Responses in these
tissues depend on the cell kinetics of the
particular tissue but usually occur within 3
months of the start of radiot​herapy.

They are not usually limiting for fracti​onated
radiot​herapy because of the ability of the
tissue to undergo rapid repopu​lation to
regenerate the parenc​hymal cell popula​tion.

The time until healing takes place is
dependent on total dose and fracti​onation
schedule. Higher doses, or more intense
fracti​onation may both lead to prolonged
early effects due to increased stem cell
depletion.

Generally these biological changes resolve
within a few weeks after treatment and
therefore are little cause for concern.

Early Skin Reactions

 

Initial Response (cont)

1. Erythema (redde​ning) occurs within
hours of doses over 5 Gy to the skin; it is in
response to release of inflam​matory
cytokines from the cells of the epidermis
and dermis. With fracti​onated radiation,
erythema may not become apparent for one
- two weeks.

2. Dry Desqua​mation occurs after doses of
40 Gy, and is charac​terised by dry, itchy
skin. The skin may appear pigmented or
scaling. This situations is due to a loss of
function of the merocrine sweat glands as
well as complete dysfun​ction of the basal
skin layer. Dry desqua​mation typically heals
within 1 - 2 weeks after cessation of radiot​‐
herapy

3. Moist desqua​mation occurs when there is
complete loss of the epidermis and
exposure of the dermis. It is charac​terised
by redness of the skin, with prominent ooze
/ slough. Infection is likely in this scenario
as the protective epidermal layer has been
completely lost. Moist desqua​mation usually
requires doses in excess of 20 - 40 Gy.
Doses over 60 Gy lead to a 50% risk of a
non-he​aling ulcer of the skin.

The extent of these reactions and the length
of time for recovery depend on the dose
received and the volume (area) of skin
irradi​ated, because early recovery depends
on the number of surviving basal cells that
are needed to repopulate the tissue.

Early Reactions of the Oral Mucosa

One of the most critical early responding
tissues in the body.

Dysfun​ction of this mucosa can lead to
reduced oral intake and severe pain, limiting
the ability of the patient to continue with
treatment.

 

Initial Response (cont)

Erythema (redde​ning) of the affected
mucosa. This takes 5 - 10 days to develop
with conven​tional fracti​ona​tion, with doses
over 20 Gy.

Mucousitis (Loss of the epithe​lium)
becomes apparent between 10 - 15 days.
This is initially patchy but gradually
becomes confluent with increasing dose
(usually 11 - 20 days to develop).

The latency in these effects is due to the
gradual loss of dividing cells in the basal
layer of the epithe​lium.

An important feature of the oral mucosa is
the potential for repopu​lation. In response to
loss of a signif​icant part of the stem cell
popula​tion, the surviving cells decrease
their cell cycle time and tend to create more
stem cells rather than differ​ent​iating cells.
Repopu​lation begins after 1 week, and is
fast enough to counter normal fracti​onation
after two weeks.

Early Gut Reactions

The small and large intestines are
frequently irradiated during abdominal or
pelvic treatm​ents. Areas of fixed bowel (eg.
rectum or retrop​eri​toneal parts), are partic​‐
ularly suscep​tible as they are unable to
move signif​icantly within the peritoneal
cavity.

Stomach: the first response usually seen is
nausea.

Small Intestine: death or disabl​ement of the
crypt stem cells from radiation leads to loss
of the intestinal villi within several days. This
leads to several problems: Poor absorption
of gut contents, causing diarrhoea; Risk of
sepsis; Nausea may also occur following
radiation of the small intestine.
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Initial Response (cont)

Large Intestine: radiation causes changes
in intestinal absorp​tion, causing diarrhoea
or consti​pation. Ulceration of the large
bowel can also occur, with risks of sepsis

Rectum, which is often irradiated during
pelvic treatm​ents, often develops acute side
effects. These include pain, urgency and
rectal bleeding. Haemor​rhoids are likely to
recur or get worse in patients with a past
history of this condition.

Early Eye Reactions The threshold dose for
radiat​ion​-in​duced eye cataracts is now
considered to be around 0.5 Gy for both
acute and fracti​onated exposures. The eye
lens seems to be the most sensitive organ
to beta radiation, even in doses far below
maximum permis​sible dose.

Fatigue And Radiot​herapy  Very common

Measur​ement of Early Toxicity

May be graded based on their severity or on
their impact to quality of life

Endpoints are specific clinical situations
which are seen following radiot​herapy
admini​str​ation. They allow classi​fic​ation of
radiot​herapy reactions.

Grading Systems have been developed to
grade radiation reactions.

For early effects, measur​ement needs to be
taken regularly (at least weekly) as they
may develop rapidly. The establ​ishment of
scoring systems allows clinicians and instit​‐
utions to compare and contrast different
treatment schedules. Most scoring systems
are based on a 6 tier model:

Grade 0 – No effect

Grade 1 – Mild, revers​ible, and heal sponta​‐
neously without any interv​ention

 

Measur​ement of Early Toxicity (cont)

Grade 2 – Moderate side effects which
require outpatient treatment and do not
require cessation of radiot​herapy

Grade 3 – Severe effects which usually
necess​itate hospital admission and intense
supportive care. They may require
cessation of radiot​herapy or alteration of the
treatment schedule.

Grade 4 – Life threat​ening effects which
must be treated immedi​ately to preserve
life. Radiot​herapy is perman​ently ceased.

Grade 5 – Lethal radiot​herapy side effect.

Note: These grades are also used to
measure late side effects.

Latency refers to the delay in side effects
appearing after a dose sufficient to cause
them has been delivered. The delay is due
to the turnover time of the tissue. Although
the stem cells have been killed, the transit
cells may continue to divide and differ​ent​‐
iate, mainta​ining the surface epithelium for
a time. This may lead to side effects
appearing after radiation has finished.

Subacute Radiation Effects

After treatment has completed but before 6
months have elapsed.

Lhermi​tte's sign is due to a transient
demyel​ination (damage to the protective
covering (myelin sheath)) within the spinal
cord and occurs 1 - 3 months after radiation
exposure (also seen in patients with
multiple sclero​sis).

 

Subacute Radiation Effects (cont)

It presents with pain radiation down the
back from the neck to the sacrum. Lhermi​‐
tte's sign is due to loss of oligod​end​roc​ytes,
the myelin​ating cells of the central nervous
system. They have a longer life span than
epithelial cells but still require replac​ement
from a prolif​erative compar​tment. The loss
of prolif​erative ability only becomes
apparent after several months, however
Lhermi​tte's sign is usually revers​ible.

Radiation pneumo​nitis occurs 2 - 6 months
following radiation treatment involving the
lungs. It is a potent​ially fatal condition
caused by inflam​mation of the lung in
response to radiation. There is a broad
spectrum of severity and corres​ponding
symptoms. Mild cases may be asympt​‐
omatic or have a dry cough. Moderate
cases may complain of a cough, fevers or
mild breath​les​sness. Severe cases present
with severe dyspnoea requiring admission
for respir​atory support.

Most cases respond without treatment, and
more severe cases will usually respond to
cortic​ost​eriods. Symptoms do not generally
last beyond 6 months. Occasi​onally,
pneumo​nitis may be progre​ssive and fatal.
Patients will nearly always develop
radiation fibrosis in the affected area.

Late Responses of Tissue

Late responses usually limit the dose of
radiation that can be delivered to a patient
during radiot​herapy.

Late effects occur in tissues that manifest
early reactions, such as skin/s​ubc​uta​neous
tissue and intestine, but the nature of these
reactions is quite different from the early
reactions in these tissues.
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Late Responses of Tissue (cont)

Late effects occur due to processes that
take signif​icant time to develop, either
because the tissue renews slowly, their
relation to connective tissue cells, chronic
inflam​matory processes or genomic
damage.

The nature and timing of late reactions
depends on the tissue involved and can be
expressed as diminished organ function.

Effects on Connective Tissue The
connective tissues of an organ are a
frequent cause of late effects. The endoth​‐
elial cells and fibrob​lasts are the primary
targets.

1. Endoth​elial Cells have a long life
expectancy and divide rarely. If exposed to
radiation, they may therefore die at a time
distant to the exposure. Loss of endoth​elial
cells leads to prolif​eration of the surviving
cells. This can lead to:

Constr​iction of capill​aries due to prolif​‐
erating cells 
Thrombosis (local coagul​ation or clotting of
the blood) and fibrosis (thick​ening and
scarring of connective tissue) due to bare
areas of vessel walls

2. Fibrob​lasts - Genetic Damage: the DNA
is the target of radiation, and sufficient
damage leads to cell death. Cells may
survive radiation exposure in one of two
ways:

Repairing the damage
Not recogn​ising the damage - if the damage
is not fatal to the cell it may be 'missed' by
repair pathways

Repair is not a process without faults and it
is possible that surviving cells may carry
mutations. If these mutations occur in
sensitive parts of the DNA, there is potential
for radiation carcin​oge​nesis or hereditary
effects (only if gametes are involved).

 

Late Skin Reactions

Telang​iec​tasia: dilatation of the capill​aries
causing them to appear as small red or
purple clusters

Oedema: Swelling

Fibrosis: the thickening and scarring of
connective tissue. The latency for fibrosis is
about 3 years, and once it occurs it may be
progre​ssive.

Chronic Ulceration / Necrosis (cell death)

Hair follicles epilation (loss of hair): occurs
after very low doses - the threshold for this
determ​inistic effect is about 4 Gy in a single
dose. Permanent hair loss occurs with
single doses of 10 Gy or more. Fracti​onated
treatment spares hair follicles; hair growth
may return eventually even after doses of
40 Gy.

Skin glands: the eccrine, apocrine and
sebaeceous glands of the skin may all be
rendered non-fu​nct​ional by radiation with
tolerance doses of under 15 Gy. Recovery
is possible but function may be perman​ently
lost when doses climb over 30 - 40 Gy in
fracti​onated schedules.

Late Central Nervous System Reactions

 

Conseq​uential Late Effects

Conseq​uential late effects occur when an
early effect is so severe that healing cannot
take place.

Conseq​uential late effects are fundam​‐
entally different to other late effects as they:
Are a contin​uation of an early effect; Are
less dependent on the vascular and
connective tissues seen with typical late
effects

Examples:

Skin - non healing ulceration following
severe moist desqua​mation

 

Conseq​uential Late Effects (cont)

Oesophagus - healing of mucousitis can
lead to formation of strictures when
opposing surfaces stick together

Head and neck - mucosa may become
perman​ently ulcerated if a large dose is
admini​stered before repopu​lation can occur

Dysfun​ction of salivary glands is often seen
during the delivery of radiation, yet unlike
most other 'early effects' it persists
following treatment comple​tion, and may
never fully recover. Dry mouth syndrome is
common, and usually persists after radiation
is completed.

Survival Curves

The α/β ratio is relatively low for late-r​esp​‐
onding tissues.

The α/β ratio isrela​tively high for early-​res​‐
ponding tissues.

The dose-r​esponse relati​onship for late-r​‐
esp​onding tissues is more curved than that
for early-​res​ponding tissues.

The overall response to multi-​fra​ction
radiation regimens can be illust​rated by
consid​ering a tumour, an early-​res​ponding
tissue and a late-r​esp​onding tissue. The
total dose delivered by multi-​fra​ction
treatment is the product of the number of
fractions and the dose per fraction. A large
number of small dose fractions will produce
relatively less damage to late-r​esp​onding
than to early-​res​ponding tissues. This is
because the cell survival fraction at low
doses is higher for late-r​esp​onding tissues.
The tumour regresses and disapp​ears. The
early-​res​ponding tissues show a reaction
but repopulate by rapid cell division. The
late responding tissues show little damage.

By Molly
cheatography.com/molly/  

Not published yet.
Last updated 24th October, 2016.
Page 3 of 5.

 
Sponsored by CrosswordCheats.com
Learn to solve cryptic crosswords!
http://crosswordcheats.com

http://www.cheatography.com/
http://www.cheatography.com/molly/
http://www.cheatography.com/molly/cheat-sheets/3-6-early-and-late-effects-of-tissue-irradiation
http://www.cheatography.com/molly/
http://crosswordcheats.com


3.6 Early and Late Effects of Tissue Irradiation Cheat Sheet
by Molly via cheatography.com/30516/cs/9586/

Survival Curves (cont)

In contrast, a small number of large dose
fractions will produce relatively more
damage to late-r​esp​onding than to early-​‐
res​ponding tissues. The tumour regresses
and disapp​ears, though there is evidence of
a higher recurrence rate perhaps because
there is less opport​unity for reoxyg​enation
to occur. The early-​res​ponding tissues show
a reaction but repopulate by cell division,
the same as for many small fractions.
However, the late-r​esp​onding tissues carry
a large amount of latent damage, which is
seen months or years later when the cells in
these tissues begin to turn over.

Dose response curves

 

Effect of Time and Fracti​onation

Early responding tissues typically have a
hierar​chical organi​sation, with a population
of stem cells that is constantly dividing to
maintain population of differ​ent​iating cells.

The main implic​ation of this is that early
responding tissues continue prolif​era​ting,
and if treatment takes place over a longer
period of time they will be able to withstand
the dose more easily.

The other factor affecting early responding
tissues and total treatment time is that early
tissues may begin repopu​lation after 1 - 2
weeks have elapsed of fracti​onated
treatment.

This repopu​lation involves increasing the
numbers of dividing cells as well as
shortening the cell cycle time. These cells
are capable of countering a standard fracti​‐
onation dose; therefore healing may occur if
hyperf​rac​tio​nation without accele​ration
occurs.

Total treatment time has a signif​icant impact
on the severity of early effects.

Fracti​onation, by itself, has little effect on
the develo​pment of early effects.

It is the total dose delivered, rather than the
fracti​onation of dose, that determines the
develo​pment of effects.

Late effects show a signif​icant dependence
on the dose of individual fractions due to
their quadratic cell survival curve.

Fraction size has a major impact on the
occurrence of late effects.

This is because many of the cells which
develop late effects have low α/β values -
that is, they are able to resist radiation
effect​ively at low doses but become
overwh​elmed rapidly at higher doses.

 

Effect of Time and Fracti​onation (cont)

This can be exploited by delivering the dose
in small fractions that only deliver dose that
the late tissues can tolerate. This feature is
uncommon in early responding tissues or
tumours, which have more dependence on
total dose due to a high α/β ratio.

Volume Effects

Tissue tolerance describes the dose of
radiation an organ can receive before it fails

It has expanded to include concepts such
as serial​/pa​rallel functional sub units,
volume effects and is one reason for using
dose volume histog​rams. Tolerance values
are usually quoted for conven​tional fracti​‐
onation using photons or electrons.

The volume of a normal organ that is
irradiated often plays a signif​icant role in its
sensit​ivity to irradi​ation. The effect of
volume can be considered in the context of
the functional subunits of an organ (e.g. in
kidney, the tubules; in the lung, the alveoli)
and whether the organ has a ‘parallel’
functional structure (e.g. lung, kidney or
liver), where the different function subunits
perform the same function, or a ‘serial’
functional structure (e.g. spinal cord) in
which the functional subunits must work
together in series for tissue function.

The identi​fic​ation of volume as an important
concept in organs with parallel arrang​ement
of FSUs allowed tolerance doses to be
specified for partial irradi​ation of organs. In
general, organs of this type (liver, lung,
kidney) tolerate a higher dose if they are
only partially irradi​ated.
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Volume Effects (cont)

Another way of giving a tolerance is the
'mean dose' to the entire organ. In organs
with serial arrang​ement of FSUs, point
doses are more important than volume
irradi​ated. This is because loss of a single
FSU leads to signif​icant loss of function.

Modern radiot​herapy using intensity
modulation techniques (IMRT) can reduce
the volume of normal tissue in the high dose
volume, which can lead to reduced toxicity
partic​ularly in parallel organs but the
improved high dose distri​bution is often
gained at the expensive of giving a lower
dose to a larger volume of normal tissue.
The impact of this increased volume
receiving a lower dose is currently unknown
but has raised concerns about possible
second malign​ancies.

Remembered Dose

Retrea​tment Tolerance

Previously irradiated tissues may have a
reduced tolerance for subsequent radiation
treatm​ents, indicating the presence of
residual injury

For early responding tissues there is almost
complete recovery in a few months so that a
second high dose of radiation can be
tolerated.

For late-r​esp​onding tissues the extent of
residual injury depends on the level of the
initial damage and is tissue dependent.

Remembered Dose refers to the 'memory'
tissues retain of dose they have been
exposed to in the past.

 

Remembered Dose (cont)

Remembered dose is an important concept
when re-tre​ating patients. Re-tre​atment
may be necessary due to develo​pment of a
second malignancy within the treatment
field or in a nearby structure - for instance,
rectal cancer following prostate radiot​‐
herapy. An important point is that for some
reactions and in some tissues dose may be
'forgo​tten' over time, allowing a higher dose
to be delivered safely.

Remembered Dose in Early Responding
Tissues

Due to the nature of early reactions, it is
likely that if full recovery from the effect has
occurred tissues should be able to tolerate
a similar dose with nearly identical pre-tr​‐
eatment tolerance.

This is mitigated somewhat by the late
effects which can cause vascular insuff​‐
iciency or fibrosis in the underlying
submucosa.

Remembered dose is highly dependent on
the initial treatment - if it is too toxic then
there may be minimal recovery and minimal
retrea​tment tolerance, whereas lower doses
may allow signif​icant repopu​lation of both
tissue compar​tments.

Early responding tissues are able to recover
their normal tolerance if: 
-Their stem cell compar​tment is not
completely depleted by large initial doses 
-The supporting stroma is capable of
supporting the regene​rating tissue 
-Sufficient time is left between the
treatments

Remembered Dose in Late Responding
Tissues

Late responding tissues typically have more
'memory' than their early counte​rparts and
provide more of a barrier for retrea​tment.

Some tissues, in which there is progre​ssive
changes (such as lung fibrosis and the
kidney) show worsening retrea​tment
tolerance over time.

 

Remembered Dose (cont)

Others, such as spinal cord, show improved
tolerance with time.

Therap​eutic Ratio (or Index)

Ill-de​fined numeri​cally but the concept is
that of a comparison between tumour
control and normal tissue compli​cat​ions.

Tumour​-co​ntrol curves tend to be shallower
than those for normal tissue response
because of hetero​gen​eity.

The therap​eutic ratio is often defined as the
percentage of tumour cures that are
obtained at a given level of normal tissue
compli​cations

i.e., by taking a vertical cut through the two
curves at a dose that is clinically accept​‐
able, e.g., at 5% compli​cations after 5
years, to give the TD5/5 value

The dose leading to a 50% compli​cation
rate at 5 years is TD50/5

An approach more in keeping with the
definition of other ratios, is to define the
therap​eutic ratio in terms of the ratio of
radiation doses Dn/Dt required to produce a
given percentage of compli​cations and
tumour control (usually 50%).

It is then a measure of the horizontal displa​‐
cement between the two curves.

It remains imprecise, however, because it
depends on the shape of the dose-r​‐
esponse curves for tumour control and
normal tissue compli​cat​ions.

Therap​eutic Ratio
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