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ABSTRACT 
 

Cervical cancer takes an alarming 4th place 
among tumors in women and is a serious global 
problem of modern society. The gold standard in 
the treatment of locally advanced cervical cancer 
is based on concurrent chemoradiotherapy 
(external beam in combination with brachy-
therapy). However, during the treatment of 
cervical cancer, various forms of acute toxicity 
can occur, with the incidence of up to 84%. The 
most common adverse manifestations of this 
therapeutic approach include various hema-
tologic, gastrointestinal, genitourinary and 
dermatologic problems. 

Although most of the potential risk factors 
for acute radiation toxicity are primarily asso-
ciated with certain features of therapeutic moda-
lities, individual patient characteristics must also 
be taken into account. Knowledge of potential 
risk factors and early detection of patients with 
increased risk of acute radiation toxicity may 
significantly contribute to the administration of 
adequate corrective measures in order to prevent 
the occurrence of both acute and chronic toxicity, 
which is even more complex. Such an approach 
also leads to improvement of the quality of life 
of patients with locally advanced cervical cancer. 

 

Key words: risk factors, acute radiation 
toxicity, locally advanced cervical cancer. 
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САЖЕТАК  
 

Карцином цервикса утеруса се налази на 
алармантном 4. месту међу малигним тумо-
рима код жена, и представља глобални про-
блем. Златни стандард у лечењу локално 
узнапредовалог карцинома цервикса утеруса 
је хеморадиотерапија (екстерно зрачење и 
брахитерапија). Међутим, за време лечења 
карцинома цервикса утеруса настају различи-
ти облици акутне токсичности, који укључују 
оштећења крвних лоза, гастроинтестиналне, 
генитоуринарне и дерматолошке проблеме.  

Мада је већина потенцијалних фактора 
ризика за појаву акутне радијационе токсич-
ности везана за поједине модалитете терапије, 
треба увек узети у обзир индивидуалне карак-
теристике пацијената. Познавање потенци-
јалних фактора ризика и рано откривање  
пацијената са повећаним ризиком од акутне 
радијационе токсичности може значајно доп-
ринети примени адекватних корективних 
мера које ће спречити и акутну и још ком-
плекснију хроничну радијациону токсичност. 
Такав приступ доводи и до побољшања ква-
литета живота пацијената са локално узна-
предовалим карциномом цервикса утеруса. 

 

Кључне речи: локално узнапредовали 
карцином цервикса утеруса, акутна радијаци-
она токсичност, фактори ризика.  

 

INTRODUCTION 
 

Growing trend of cervical cancer (CC) pre-
valence is a serious global problem of modern 
society. The current data suggests that this tumor 
has high mortality and morbidity and takes an 
alarming 4th place among tumors in women, 
accounting for 15% of all oncology patients1,2,3. 
In a lot of developing countries, CC remains 
major public health problem with high overall 
incidence and a higher frequency of advanced 
stages at the time when diagnosis is established4. 
Factors that cause the CC may be related to pati-
ent lifestyle and sexual habits, poor socio-eco-
nomic status, poor prevention policy and the lack 
of organized screening5. Human papilloma virus 
is among the most important risk factors. 
Histologically, more than 90% of all cervical 
tumors are squamocellular, while adenocarcino-
ma makes 7-10%6. Due to the slow evolution and 
frequent lack of acute symptoms, in 70 to 90% of 
the patients the diagnosis is made when the di-
sease is locally advanced7. With organized scree-
ning and advanced preventive measures, the 
incidence of CC decreases8. The disease is 

detected by gynecological examination, Papani-
colau test, colposcopy, biopsy, or by using diag-
nostic imaging methods. In the early phase, the 
disease is usually asymptomatic, and later, 
abnormal vaginal bleeding, pelvic pain, and pain 
or discomfort during and after sexual intercourse 
can occur9. 

The disease staging is initially clinical, based 
on the gynaecological exam and results of the 
diagnostic visualization methods1. Tumor Nodus 
Metastasis (TNM) and Federation Internationale 
de Gynecologie et d'Obstetrique (FIGO) Classi-
fication are used for definitive disease staging10. 
Depending on the stage of the disease, CC pa-
tients are treated with surgery, chemotherapy and 
radiotherapy. Surgical treatment is used 
exclusively at early stages, when the tumor is 
limited to the cervix (FIGO Ia-IIa)1. 

The gold standard in the treatment of locally 
advanced CC (FIGO IIb to IVa) is based on con-
comitant chemo-irradiation (external beam in 
combination with brachytherapy) (11). Cisplatin 
is usually administered at a dose of 40 mg/m2 
once a week, for up to 6 cycles, during standard 
radiotherapy fractionated to a 5-day regimen12. 
This type of treatment prolongs the patient’s ove-
rall survival by 5-8%, prolongs the interval to 
local recurrence of the disease by 5-9% and 
reduces the risk of disease progression by 40 to 
60%1,2,13. The results of a recent meta-analysis, 
with the help of fixed-effects models, confirmed 
higher incidence of toxicity in patients who were 
treated with concurrent chemoradiotherapy 
(CCRT) compared to those treated exclusively 
with radiotherapy6. Cisplatin can cause severe 
side effects such as nausea, ototoxicity, 
neurotoxicity, and nephrotoxicity. Also, it is 
shown that the use of cisplatin particularly inc-
reases severity of acute hematological and ga-
strointestinal toxicity14-17. 

In a therapeutic setting, the cervix tolerates 
high radiation dose, and for this reason, the total 
dose delivered is increased by concomitant use 
of external beam RT and brachytherapy. There 
are different modalities of brachytherapy such as 
high-dose-rate (HDR) brachytherapy, low-dose-
rate, middle-dose-rate, and pulse-dose-rate18,19,20. 
However, HDR is currently the most commonly 
used, because treatment time is the shortest and 
the most comfortable for the patients, compared 
to other modalities. Also, short treatment time 
ensures constant geometrical relation between 
applicator system, the radioactive source and 
anatomic structures, and gives an opportuity to 
precisely control the dose delivered to the tumor 
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and to the organs at risk. The American 
Brachitherapy Society recommends a dose less 
then 7.5 Gy21. Frequently used  regimens are 6 
Gy in 5 fractions, 5 Gy in 6 fractions and 5,5 Gy 
in 5 fractions21. Optimal brachitherapy treatment 
is administration of a single dose of 7 Gy in 4 
fractions, after completing the external beam tre-
atment22. Also,   

The American Brachitherapy Society, the 
Radiation Therapy Oncology Group and the 
Gynecology Oncology Group also suggest that 
ideal duration of CCRT treatment is between 50 
and 55 days, due to optimal compliance and trea-
tment tolerance23,24. In developing countries, 
usually due to delays of intracavitary 
brachytherapy initiation, the treatment lasts for 
about 10 weeks on average25. Extended duration 
of treatment induces tumor regrowth, which 
results in worse disease control and shorter sur-
vival rates23,24,25. In terms of toxicity, gastrointe-
stinal system is the most frequently affected25.  

 

ACUTE RADIATION TOXICITY - 

GENERAL ASPECTS 
 

The term acute radiation toxicity refers to the 
toxicity observed during and shortly after 
radiotherapy or CCRT26. This adverse effects and 
morbidity can seriously affect the patient’s 
quality of life1,27. Acute toxicity occurs from 
radiation induction to the 90th day, while late 
toxicity occurs months and years after 
radiotherapy has been completed28. The basic 
principle of radiotherapy is to apply the thera-
peutic tumoricidal radiation dose to the malig-
nant tumor (target volume), and at the same time 
to spare the surrounding normal tissues (organs 
at risk)29,30. Previous studies have shown that 14 
to 68% of patients with abdomen or pelvic 
tumors are treated with curative or palliative 
radiotherapy25,31. During the treatment, the 
incidence of anaemia, leukopenia, cystitis, 
diarrhoea and neuropathy rises to 84%, which is 
significantly more than after completion of the 
treatment29,32-35. Grade 3 and 4 toxicity occurs in 
4 to 40% of patients and correlates with the tar-
get volume size, fractionation regimen, received 
dose and radiation techniques25,35,36. 

Radiation Therapy Oncology Group mor-
bidity scoring criteria and Common Terminology 
Criteria for Adverse Events for radiological 
toxicity assessment have been used in studies 
related to toxicity in CC patients treated with 
CCRT35,36. In addition to these two scales, the 
Franco-Italian glossary, which has a system 
similar to the Radiation Therapy Oncology 

Group scale is also used, but in practice it is not 
widespread36. Creating a reliable and validated 
test, which could identify patients with an 
increased risk of radiation toxicity, using genetic 
and clinical factors, would significantly reduce 
the occurrence of early and late radiation 
complications37. 

It is known that certain radiotherapy factors 
such as the therapeutic dose, number of fractions, 
size, number and localization of radiation fields, 
and radiotherapy techniques can affect the acute 
radiation toxicity25,38,39. Due to high contact 
doses, brachytherapy has a significant effect on 
development of early and late postradiation 
toxicities, in particular those of grade 3 and 
425,38,39,40. The occurrence of acute radiation 
toxicity may depend on the biologically effective 
dose, the dose distribution heterogeneity received 
by the organs at risk and the effective volume41, 

42.  
 

ACUTE RADIATION TOXICITY – MOST 

COMMON MANIFESTATIONS AND RISK 

FACTORS 
 

Gastrointestinal toxicity 
 

Gastrointestinal toxicity is the most common 
type of toxicity after whole pelvic iradiation43. 
Severe forms can be observed in 12 to 44% of 
patients during radiotherapy treatment, whether 
or not chemotherapy is also administered44,45. 
Small intestine radiation can cause diarrhea, 
pain, abdominal colic, loss of appetite, nausea 
and dehydration. Rectal toxicity is expressed in 
the form of diarrhea, tenesmus or rectal pain. 
Malnutrition is common in these patients44. 

Manifestations of acute gastrointestinal 
toxicity depend on the following: volume of the 
intestine that is involved in the 95% therapeutic 
isodose, height of the dose, doses that are registe-
red at risk organs during brachytherapy (rectum, 
sigma, bladder), planning method (2D vs 3D), 
extended fields application, and treatment dura-
tion46,47. Increased frequency of the small inte-
stine toxicity may be attributed to previous sur-
gical, or laparoscopic interventions, adhesions, 
unsuccessful reperitonealization, vascular disea-
ses, diabetes, pelvic inflammatory disease and 
age48,49. Prior surgical intervention in the abdo-
men or pelvis increases the risk of small bowel 
obstruction in patients who have received a dose 
of over 50 Gy50. Use of the IMRT technique 
affects a smaller volume of the small intestine 
compared to 3D conformal radiation therapy, and 
also causes less damage to the rectum43. Larger 
volume of the intestine is a risk factor for the 
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occurrence of grade 2 toxicity at the small inte-
stine and severe diarrhea in patients suffering 
from gynecological cancer who had surgery in 
the abdomen51.  

Gastrointestinal toxicity in women is more 
frequent compared to men undergoing pelvic 
irradiation due to anatomical differences. Since 
entrance into the small pelvis is wider in women, 
larger volume of the intestine is irradiated52. The 
occurrence of high grade acute toxicity doubles 
the risk of late toxicity. The mechanism of con-
nection between these factors is not fully under-
stood, but it was noted in many studies. Possible 
explanation of this mechanism is the depletion of 
mucous stem cells that prevents cell renewal48. 
Risk factors for the occurrence of proctitis grade 
2 or higher are younger age and higher dose 
received on the rectum52. Patients with cervical 
cancer have in 12 to 19% of cases a total cumu-
lative rectal toxicity grade of over 250. Unlike the 
male pelvis, which is characterized by a tight 
space between the prostate and the rectum (rectal 
faction, Denonville fascia), the female pelvis is 
characterized by a large space with a lot of free 
tissue in the rectovaginal area. The second ana-
tomical difference is extent of the cul de sac 
extension along the vaginal and uterine posterior 
wall, that is variable53. Marnitz et al. confirmed 
that, during transcutaneous radiotherapy, hyd-
rogel administration reduces the dose received by 
the anterior rectum wall by 50% and signi-
ficantly reduces the risk of acute radiation 
toxicity53.  

The occurrence of acute radiation toxicity, 
especially gastrointestinal toxicity, can be con-
tributed to the factors related to personal charac-
teristics of the patient, age, race, genetics, clini-
cal risk factors, general condition, lifestyle, smo-
king, application of other treatment forms, 
cardiovascular, renal, genitourinary, gastrointe-
stinal or metabolic diseases 25,37,39,40,41,42,51. Smo-
king is, however, an independent risk factor for 
late radiation toxicity occurrence in the small 
intestine54. It has been observed that toxicity is 
more common in socially maladjusted women, 
with poor nutritional status, with chronic disea-
ses and insufficient medical supervision during 
treatment55. Furthermore, increased frequency of 
acute and chronic toxicity can be attributed to 
previous inflammatory disease of the pelvis, 
blood vessels, diabetes, atherosclerosis, collage-
nosis, or inflammatory bowel disease56.  

 

 

 
 

Genitourinary toxicity 
 

The incidence of genitourinary toxicity in 
patients with cervical cancer treated by  CCRT 
ranges from 17 to 40%56. Severe acute 
genitourinary toxicity can be found in 2 to 5% of 
cases and is 6 times more common when 
brachytherapy is applied50. Symptoms are the 
most commonly reported three weeks from the 
beginning of transcutaneous radiotherapy, with a 
peak in the fifth week, which coincides with the 
introduction of  brachytherapy55. The risk factors 
for acute genitourinary toxicity associated with 
the treatment are: cumulative radiation dose, 
radiation volume, and modality of radiotherapy. 
The use of anticoagulant therapy and previous 
surgery can also contribute to toxicity in patients 
with cervical cancer56. Use of adjuvant radio-
therapy causes more frequent bladder dysfun-
ction, hydronephrosis, stress incontinence, and 
radiation cystitis25,56. Smoking is associated with 
fistula appearance in patients with genitourinary 
toxicity56. However, the use of CCRT does not 
increase rate of late genitourinary toxicity46. It 
has been reported that the incidence of urinary 
infections is significantly higher in patients with 
anemia treated with CCRT57. 

In a study conducted by Ferrigno and asso-
ciates, in patients with pelvic tumors treated by 
IMRT and 3D conformal techniques, it was 
shown that the use of IMRT did not affect the 
frequency of acute genitourinary toxicity44. It is 
therefore important to examine which potential 
factors, in addition to those associated with 
radiotherapy techniques, affect the occurrence of 
this form of toxicity. 

An increased incidence of acute gyne-
cological radiation toxicity in young and obese 
patients with cancer of genital organs was noted, 
while urinary and gastrointestinal toxicity were 
not associated with obesity58. On the contrary, 
Smits et al. claim that obesity and a body mass 
index over 30 kg/m2 are not associated with the 
larger of radiation toxicity59. 
 

Hematologic toxicity 
 

During pelvic irradiation, the radiation dose 
affects the bone marrow. This leads to hemato-
poietic stem cell depletion, and erythrocyte, 
leukocyte and thrombocyte precursors are affec-
ted60. The hematologic toxicity is often a limiting 
factor for the application of  CCRT61. Radio-
therapy leads to reduction of the red bone 
marrow, which is responsible for hematopoiesis, 
while at the same time the yellow bone marrow 
becomes more dominant61. A study showed that 
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the frequency of hematologic toxicity, after 
administration of combined chemotherapy with 
cisplatin, ranges from 20 to 25%. Another study 
in India showed, on the contrary, that almost all 
patients (97.5%) had anemia under this treatment 
regimen. The same study showed that 50% of 
patients with leukopenia had diabetes. The 
occurrence of hematologic toxicity is not related 
to other forms of toxicity, and the authors believe 
that this is because the cause is different57. Toxi-
city is increased by expanded radiation fields, 
due to larger volume of the bone marrow 
irradiated61. It is the most often manifested in the 
form of red cells depletion and neutropenia of 
grade 3 or 457. Patients with anemia and malnu-
trition have more side effects due to the treat-
ment with combined chemoradiotherapy. With 
new radiotherapy methods such as IMRT, the 
hematologic toxicity rate is reduced and toleran-
ce of chemotherapy improved60. Anemia and hy-
poxia in the course of radiation treatment affect 
both the tumor itself and the healthy tissue, 
reducing tolerance to radiation57.  

Frequency of neutropenia is higher when 
radiotherapy is combined with cisplatin57. During 
the CCRT, elderly patients have an increased 
incidence of hematologic toxicity, more frequent 
treatment breaks and complications, and also 
more high-grade complications36,42. However, 
Chakraborty and associates showed that elderly 
patients, treated with combined chemotherapy 
and Rapid Arc IMRT (Intensity-Modulated Ra-
diation Therapy, IMRT) technique do not have a 
higher acute radiation toxicity rate than the 
younger ones63. 

 

Dermatologic toxicity 
 

Risk factors for the occurrence of acute der-
matologic toxicity are blood vessel diseases, 
smoking and poor nutritional status. Reactions 
are more frequent in patients with a larger body 
mass index. Grades 1 and 2 toxicities are enco-
untered in about 10 to 50% of patients with 
gynecologic malignancies, while severe skin 
reactions in this region are rare. The reactions 
occur during the first two weeks of radiation, and 
they withdraw in 3 to 4 weeks after completition 
of radiation50. 

 

PREVENTIVE MEASURES 
 

 

Heterogeneous symptoms and signs of acute 
radiation toxicity are usually consequence of 
neglecting the symptom appearance and the 
absence of a patient's reporting them to radiothe-
rapist, usually until the moment when the high 

grade toxicity develops. Considering that the 
emergence of serious acute radiation toxicity is 
one of the most important drivers of chronic 
toxicity development, which often requires 
extensive interventions and expensive, long-term 
treatment, the early recognition of risk factors for 
the occurrence of acute radiation toxicity would 
enable timely and accurate identification and 
observation of patients at increased risk. The 
symptoms of acute radiation toxicity affect the 
quality of life of patients, survival rates are redu-
ced and hospitalization is prolonged. The occur-
rence of severe forms of radiation toxicity 
following radiotherapy, such as intestinal obs-
truction, fistula formation and severe damage to 
the skin or mucous membranes, often requires 
surgical treatment. 

A strategy for reducing gastrointestinal 
toxicity involves use of multiple radiation fields, 
to ensure the homogeneity and precision of the 
delivered dose. It is advised that radiotherapy 
courses are performed in patient lying in prona-
tion, with a full bladder in order to displace the 
small intestine from the pelvis. Use of the 
modern radiation techniques significantly redu-
ces acute and chronic radiation toxicity50. More-
over, with this form of radiotherapy planning it is 
possible to include all the surrounding lymph 
nodes and overcome anatomical differences, 
such as uterine retroversion65. For EBRT 
radiotherapy and brachytherapy planning it is 
ideal to use magnetic resonance imaging (MRI) 
because the anatomical levels are better defined, 
radiotherapy fields are determined more effi-
ciently, adverse effects are reduced, and trea-
tment tolerance is improved1. Planning of the 
IMRT technique, compared to 3D conformal or 
conventional radiotherapy, requires more time, 
knowledge and new technologies, but reduces 
toxicity to the surrounding tissues44. Adaptive 
Image Guided Radiation (IGRT) directs radio-
therapy using the image coordinates of the real 
radiation treatment plan and includes time as a 
factor, during radiation, as the fourth dimension. 
By this method it is possible to reduce the dose 
received by the surrounding healthy tissues, 
while the target volume and regional lymph 
nodes receive a higher dose7,50,64,65. IMRT and 
Stereotactic Beam Radiation Therapy (SBRT) 
are highly sophisticated methods that, with extre-
me precision, destroy the cells of the primary 
tumor or metastases with minimum exposure of 
the surrounding healthy tissue66. 

Special attention should be paid to patients 
who undergo brachytherapy in terms of special 
preparation and care of the irradiated region. 



 Marija Živković Radojević, Vesna Plesinac Karapandžić,  
Aleksandar Tomašević, Neda Milosavljević, Marko Folić 

 

48 

Also, the appropriate diet should be followed. 
Ultrasound Guided Conformal Brachytherapy 
use provides good visualization of organs and 3D 
conformal planning in real time. In contrast to 
MR, it is a cheaper and more widely available 
diagnostic tool and has its place in smaller cen-
ters67. 

It has been shown that hydrogel application 
provides good separation between the rectum and 
the extraperitoneal cervical and upper parts of 
the vagina, and that the peritoneal part is fixed 
and there is no distention. This fact is also 
important in EBRT radiotherapy and 
brachytherapy53. Basu and associates placed 
hydroxypropyl methylcellulose gel between the 
vagina and rectum in a patient with cervical can-
cer, with no early or late irradiation complica-
tions68. However, these method needs to be 
improved. 

Some studies have shown that analysis of 
molecular biomarkers can predict acute intestinal 
irradiation toxicity in these patients. It has been 
shown that there is a down regulation of the OPN 
cytokine fragment, thyroid hormone-binding 
protein, hepcidin (the acute phase protein), and 
the C1-INH fragment (an inhibitor of the com-
plement system early activation) and that there is 
an upstream regulation of the fragment of the 
neurosecretory protein vascular growth factor in 
a patient with acute radiation toxicity69. 

The goal of all radiogenomic studies was to 
develop a strategy that would, with high 
sensitivity and specificity, identify patients who 
have an increased risk of the occurrence of acute 
and chronic radiation toxicity37. Analysis of the 
human genome isolated a single nucleotide 
polymorphism and identified aspecific chromo-
some region 11q14.3 that may be associated with 
the occurrence of acute gastrointestinal toxicity 
in patients undergoing prostate radiotherapy37,50. 

 

CONCLUSIONS 
 

Modern concept of locally advanced cervical 
cancer treatment is based on concurrent 
chemoradiotherapy. However, during this kind of 
therapy, various manifestions of acute radiation 
toxicity can occur, i.e. gastrointestinal, hemato-
logic, genitourinary, dermatologic or other 
forms. Although the most of the potential risk 
factors for the development of acute radiation 
toxicity are primarily associated with certain the-
rapeutic modalities, individual patient characteri-
stics must also be taken into account in this 
regard. Known potential risk factors and early 
detection of risk factors for the acute radiation 

toxicity may contribute to better individualiza-
tion of the treatment. New clinical studies are 
needed, based on analysis of the importance of 
known, but also many other, insufficiently defi-
ned potential risk factors for the acute radiation 
toxicity in patients with local advanced cervical 
cancer.  
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