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INTRODUCTION

Pain is one of the more common symptoms of malig-
nant disease. It is an extremely unpleasant and frighten-
ing symptom that as a rule manifests in more advanced 
stages of the disease. Due to the nature and spread of tu-
mor disease (incurability), the pain experienced by on-
cologic patients is frequently of a chronic type. In such 
conditions, there is no doubt that pain adversely aff ects 
the patient quality of life. Alongside physical pain, pa-
tients suff ering from a malignant disease can also expe-
rience mental (emotional) pain. Consequently, the pain 
felt by oncologic patients is not only a physical experi-
ence but a manifestation of a variety of psychological, 
social and spiritual elements. Th at is why the concept of 
‘total pain’ is used. When treating pain, the focus should 

not be only on the pain itself (physical pain) but also on 
the person as a whole. Since all the components of pain 
must be attended, treating oncologic patients very oft en 
requires a multimodal and multidisciplinary approach. 
Pharmacological treatment of pain, which includes the 
use of non-opioid analgesics, opioids and other drugs, 
is the basis of treating pain (1-6). Radiotherapy also 
has its place in the treatment of pain, for example, pain 
caused by bone metastases and pain (headaches) asso-
ciated with primary and metastatic brain tumors. Th is 
paper aims to briefl y outline the role of radiotherapy in 
treating cancer pain. Since such clinical situations most 
oft en involve patients suff ering from incurable diseas-
es, palliative radiotherapy approach is adopted with the 
aim of alleviating discomfort (pain) and maintaining or 
improving the quality of life (2, 7-9).
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Radiotherapy is a standard cancer treatment modal-
ity. It is based on the use of ionizing radiation, most 
commonly high-energy x-ray beams or high-energy 
electron beams. Nowadays, radiotherapy is used in the 
treatment of more than 50% of all patients suff ering 
from a malignant disease. Since the discovery of x-ray 
in 1895 by Wilhelm Roentgen, this treatment modality 
has evolved considerably both in technical and clinical 
terms (8,10-13).

Technically, these beams are most frequently applied 
in the form of so-called external beam radiotherapy 
(EBRT) or teletherapy. Th is means that the beam source 
is outside the body or at a distance from the treated 
patient who is lying on the treatment couch. Nowa-
days, EBRT is administered using linear accelerator as 
a radiotherapy machine or beam source. In the linear 
accelerator, high-energy x-ray beams are produced by 
accelerating a stream of electrons and allowing them to 
collide with a metal target. High-energy electrons are 
obtained by removing the target from the stream of ac-
celerated electrons. Th e resulting high-energy rays or 
beams are aft erwards pointed at a particular part of the 
body, either the tumor (primary or metastatic tumor) 
or the tumor bed aft er the tumor has been surgically 
removed (adjuvant radiotherapy) (8,10-13). 

When x-rays or electrons are passing through the cells, 
energy is absorbed, which results in ionization of a 
number of atoms and generation of fast moving elec-
trons and free radicals. Th e ionization of atoms can al-
ter both the structure and function of cell (macro)mol-
ecules. Biologically, the most signifi cant damage at the 
molecular level is that of deoxyribonucleic acid (DNA) 
impairments in the form of strand breaks. Since DNA 
molecules are cell genetic or hereditary material, any 
damage to them can, unless repaired, block their ability 
to further divide and proliferate. Cells whose DNA is 
damaged beyond repair are expected to stop dividing 
and die. Consequently, the main goal of radiation ther-
apy is to deprive cancer cells of their multiplication po-
tential and eventually kill cancer cells. Radiation ther-
apy can kill cancer cells by a variety of mechanisms, 
i.e. apoptosis, mitotic catastrophe, necrosis, senescence 
and autophagy. Th e SI unit for the absorbed dose of 
radiation is the gray (Gy), i.e. the energy absorbed per 
unit mass (joules per kilogram) (8,10-13).

Although radiation damages both normal cells and 
cancer cells, the goal of radiation therapy is to maxi-
mize the radiation dose to abnormal cancer cells while 
minimizing exposure to normal cells, which are adja-
cent to cancer cells or in the path of radiation. Clinical 
radiotherapy came to be applied in clinical practice as 
a result of the fact that normal cells are usually able to 
repair themselves at a faster rate and more eff ective-
ly than cancer cells. EBRT is normally delivered over 

multiple sessions (or fractions), usually as once-daily 
doses, to exploit the diff erences in repair and repop-
ulation between tumor cells and normal cells. Radio-
therapy can be applied with either curative or pallia-
tive intent to relieve the symptoms caused by cancer. 
Radiotherapy treatment intent thus depends on tumor 
extent (disease stage), tumor location, patient perfor-
mance status and comorbidities, availability of modern 
radiotherapy treatment machines and their technical 
and soft ware capabilities. It can be used as the sole 
treatment modality or combined with other treatment 
modalities, for example, concomitantly or sequentially 
with chemotherapy and surgery. Th e concomitant use 
of chemotherapy with radiotherapy can achieve a bet-
ter overall response, albeit with an increased number 
of treatment-related toxicities. In combination with 
surgery, it can be administered postoperatively as ad-
juvant, which is a form of radiotherapy with curative 
intent. It is directed at the operated tumor bed with the 
aim of reducing the chances of a local tumor relapse 
as a result of any potentially remaining tumor cells. If 
administered preoperatively (neoadjuvantly), its aim 
might be to shrink the tumor and make it operable or 
easily operable. Also, if preoperative staging indicates 
that the patient will need adjuvant radiotherapy, neo-
adjuvant application of radiotherapy can have less side 
eff ects and consequently result in better patient com-
pliance. Radiotherapy can also be applied, albeit rarely, 
intraoperatively (8,10-13).

In clinical radiotherapy, the radiation tolerance of nor-
mal tissue and organs surrounding the tumor limits 
the radiotherapy dose that can be given safely. As the 
dose is increased, the incidence and severity of normal 
tissue damage rise. When severe, normal tissue dam-
age can produce life-threatening morbidities. Multiple 
parameters such as total radiation dose, fraction size, 
overall treatment time, volume and type of normal tis-
sue to be irradiated, defi nition of target volume, and 
quality control of radiotherapy techniques should be 
taken into account. Reduction of radiotherapy-related 
toxicity is fundamental to the improvement of clinical 
results in oncologic patients. Th e present knowledge 
of radiation toxicity is derived from conventional and 
more recent 3-dimensional (3D)-conformal radiother-
apy (3D-CRT) data. Th e QUANTEC project produced 
data that are currently used to predict the side eff ects 
of radiotherapy and the plausibility of evaluated treat-
ment plans. Before being approved, all radiotherapy 
treatment plans have to be evaluated for the probability 
of organ-specifi c radiation toxicity (8,10-13).

Most EBRT is planned using computed tomography 
(CT) imaging to locate the tumor and provide infor-
mation on the patient shape and tissue density. As a 
result of evolving radiation imaging and computer 
technology, there have been a number of innovations 



A. Juretić. Radiotherapy as oncologic approach to the treatment of cancer pain.

Acta Med Croatica, 73 (2019) (Suppl. 1) 45-50

A C TA  M E D I C A  C R O AT I C A 47

in radiotherapy practice over the past several decades. 
Conventional 2-dimensional (2D) treatment simula-
tion has been replaced with CT planning, with volumes 
delineated according to the International Commission 
on Radiation Units and Measurements (ICRU) report 
and ICRU supplements. Th is CT-based planning, as 
well as the possibility of implementing other imaging 
methods such as positron emission tomography/com-
puted tomography (PET/CT) and magnetic resonance 
imaging (MRI) have enabled more precise target bor-
der and volume determination, with the consequence 
of radiotherapy treatment plans having better tumor 
dose conformity and sparing the surrounding normal 
tissue (10-13).

Owing to better delineation of tumor margins and 
reduced rates of radiation-associated toxicity, the 
currently standard radiation treatments based on the 
implementation of these various technical and tech-
nological advances in radiation planning and delivery 
have allowed for the design of clinical studies with ra-
diotherapy dose escalations and modifi ed fractionation 
schemes. Th e goal of radiation treatment is to improve 
clinical outcomes while reducing damage to normal 
tissue. Newer radiotherapy equipment, techniques and 
treatment planning soft ware can, owing to better de-
lineation of tumor margins and reduced rates of radia-
tion-associated toxicity, allow tumor dose escalation to 
improve local control and possibly lead to tumor cure. 
Advances in radiotherapy techniques were achieved 
by using functional images for target defi nition (PET/
CT), 4D-computed tomography (CT), intensity mod-
ulated radiation therapy (IMRT) techniques with im-
age guidance (image-guided radiation therapy; IGRT), 
adaptive radiotherapy and stereotactic (ablative) radia-
tion therapy (SRT) (10-13).

Since protons not only have the ability to potentially 
reduce the dose of radiation applied to normal tissue 
but are radiobiologically more eff ective than high-en-
ergy x-rays, proton therapy has found its place among 
the new therapeutic approaches. However, this type of 
therapy also has its limitations, so the number of radio-
therapy centers using this type of machines is relatively 
small (10-13).

Internal radiation or brachytherapy is delivered from 
inside the body directly to the tumor site by radioactive 
sources sealed in catheters or seeds. It is especially used 
in the routine treatment of gynecologic malignancies 
(10-13).

FRACTIONATION

Radiation therapy delivered in a fractionated regimen 
is based on diff ering radiobiological properties of can-

cer and various normal tissues. Th ese regimens in gen-
eral amplify the survival advantage of normal tissue 
over cancer cells, largely as a result of better sublethal 
damage repair of radiation damage in normal cells as 
compared to cancer cells. A typical radiation therapy 
regimen with curative intent consists of daily fractions 
of 1.8 to 2.0 Gy given over several weeks. Commonly 
used doses for conventional fractionation with cura-
tive intent radiotherapy with or without chemothera-
py range from 60 to 70 Gy with daily fractions of, as 
has already been mentioned, 1.8 to 2.0 Gy per fraction. 
Postoperative or adjuvant radiotherapy doses range 
from 50 to 60 Gy, 1.8 to 2.0 Gy per fraction (10-13). 
Palliative radiotherapy treatment aims at alleviating 
symptoms (for example, pain) and improving the pa-
tient quality of life. Th e stage of the patient’s disease or 
his/her medical condition is such that cure, unfortu-
nately, is not expected. Th erefore, in the case of patients 
with a limited expected survival time, late side eff ects 
of radiotherapy are of secondary importance. Anoth-
er aim is to spare disabled patients and their families 
and accompanying persons from having to visit too 
frequently radiotherapy centers when the aim of their 
treatment is palliative radiotherapy. Consequently, pal-
liative radiotherapy uses much shorter courses of larg-
er fraction size (hypo-fractionation). In terms of the 
equieff ective dose delivered in 2-Gy fractions (EQD2), 
these palliative doses are below the radical doses with 
standard size fraction (for example, with 60 Gy dose in 
30 fractions, 2 Gy per fraction). Examples of palliative 
radiotherapy doses include 30 Gy in 10 fractions, 20 
Gy in 5 fractions or 8 Gy in 1 fraction (2,7,9). Th e 30 
Gy dose in 10 fractions is considered to be biologically 
equivalent to the dose of 40 Gy or 33 Gy in 2 Gy frac-
tions (EQD2; calculated with the alpha/beta (a/b) ratio 
of 1 and 10, respectively). Th e 20 Gy dose in 5 fractions 
is considered to be biologically equivalent to the dose 
of 33 Gy or 23 Gy in 2 Gy fractions (EQD2; calculat-
ed with the a/b ratio of 1 and 10, respectively). Th e 8 
Gy dose in 1 fraction is considered to be biologically 
equivalent to the dose of 24 Gy and 12 Gy in 2 Gy frac-
tions (EQD2; calculated with the a/b ratio of 1 and 10, 
respectively) (14-16).

Figure 1 shows schematic presentation of several frac-
tionation schedules in radiation treatment. Figures 2 
and 3 present simple palliative treatment plans with 
treatment fi elds.
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Conventional fractionation, 74 Gy dose in 37 fractions (defi nitive treatment of adenocarcinoma of the prostate), 2 Gy/fraction, Monday-Friday, total 
7 weeks and 2 days

Adjuvant treatment, 50 Gy dose in 25 fractions, 2 Gy/fraction, Monday-Friday, total 5 weeks

Palliative treatment, 30 Gy dose in 10 fractions, 3 Gy/fraction, Monday-Friday, total 2 weeks

Palliative treatment, 20 Gy dose in 5 fractions, 4 Gy/fraction, Monday-Friday, total 1 week

Single-fraction palliative treatment, 8 Gy dose in 1 fraction.

Fig. 1. Schematic presentation of several fractionation schedules in radiation treatment. Days of treatment are shown as white 
squares (Monday to Friday) and weekend days (Saturday and Sunday) as black squares.

Fig. 2. Radiotherapy treatment plan for a bone metastatic 
cancer located in the upper thoracic vertebra. Applied dose 

was 30 Gy in 10 fractions (3 Gy/fraction). It was executed by 
using two opposite anteroposterior 15 MV photon beams.

Fig. 3. Treatment fi eld for whole brain irradiation in a patient 
with multiple brain metastases. Applied dose was 20 Gy in 
5 fractions (4 Gy/fraction). It was executed by using two 

opposite lateral 6 MV photon beams

PALLIATIVE RADIOTHERAPY INDICATIONS

Palliative radiotherapy rarely improves overall surviv-
al. Also, since radiotherapy is a local anti-cancer treat-
ment option, palliative radiotherapy should supple-
ment and not replace holistic palliative care. Palliative 
radiotherapy is indicated for a relatively wide range of 

local symptoms such as pain resulting from bone me-
tastases (the most frequent indication and application 
in clinical practice), obstructive cancer disease in the 
mediastinum (superior vena cava syndrome), pain and 
neurological compromise due to malignant spinal cord 
compression, symptoms due to brain metastases, alle-
viation of symptoms due to advanced head and neck 
and pelvic cancers, tumor compression of surrounding 
tissue and organs in the head and neck region, abdo-
men and pelvic region, control of bleeding, pain, and 
malodor due to skin cancer or skin or subcutaneous 
skin metastases resulting from other tumors (for ex-
ample, locoregionally advanced breast cancer) (2,7,9).

Radiotherapy side eff ects depend on which tissues in 
cancer vicinity are receiving substantial radiotherapy 
doses. Since on the basis of tumor anatomical location 
it is possible to predict side eff ects, symptomatic thera-
py for preventive purposes can be administered as early 
as and concomitantly with radiotherapy. In other situ-
ations, it can be applied later on, with the appearance 
of relatively severe symptoms, if such symptoms appear 
at all (2,7,9).

CONCLUSIONS

In conclusion, in the case of oncologic patients with 
advanced cancer, palliative radiotherapy has a wide 
range of indications and is aimed at decreasing the 
intensity of their suff ering due to pain and other can-
cer-related symptoms. In clinical practice, it has proven 
to be an eff ective treatment modality for the majority 
of patients with indications for palliative radiotherapy. 
In the majority of such patients, the eff ects of radio-
therapy are visible within several weeks of fi nishing 
treatment, in some even during treatment. Based on 
these fi ndings, major oncologic and pain societies have 
included in their guidelines radiotherapy and palliative 
radiotherapy (17-19). Also, there are publications of 
updated results of palliative radiotherapy (20, 21).
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