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INTRODUCTION

Cervical carcinoma has traditionally been treated with low-dose-rate
brachytherapy. High-dose-rate brachytherapy was developed to overcome
potential disadvantages of LDR brachytherapy (radiation exposure to medical
staff, prolonged treatment time, mandatory hospitalization and applicator
movement). Both, LDR and HDR brachytherapy have been combined with the
external beam therapy (EBT).

At the Institute for Oncology and Radiology of Serbia in Belgrade, the treat-
ment of the cervical carcinoma with the radiological methods has been exist-
ing for more than 70 years. Intracavitary brachytherapy of this malignancy
with gamma emitters began in 1932 using Ra-226 (LDR). Co-60 sources
were introduced in the clinical practice in 1964 and Cs-137 (LDR) in 1977.
The Parisian technique was applied in 1964, when a modification of the
Manchester technique was introduced. External pelvic irradiation has continu-
ously been applied for the treatment of the cervical carcinoma: ortovoltage
EBT since 1923, Co-60 teletherapy since 1960, 42 MeV Betatron since 1970,
and 10 MeV Linear accelerator since 1976. In Belgrade, afterloading technique
was started in 1970 with manual Co-60 LDR afterloading by Henschke and in
1977 with manual Cs-137 LDR afterloading by V. Vujniæ. In 1974 we started
with remote HDR afterloading using Cathetron (Co-60 HDR), in 1989
Selectron (Co-60 HDR), in 1993 - Microselectron (Ir-192 HDR).

MATERIALS AND METHODS

Patients
From February 25, 1974 to May 20, 1997, a total number of 18,141

patients with gynecological malignancy were irradiated at the Institute for
Oncology and Radiology of Serbia in Belgrade using HDR afterloading tech-

nique:
- Cathetron (Feb. 25, 1974 - May 20, 1997) - 14,250 patients (first appl.

by Z. Merka¹, S. Èikariæ, V. Vujniæ),
- Selectron HDR (May 30, 1989 - May 20, 1997) - 2,434 patients (first

appl. by S. Èikariæ, V. Vujniæ)
- Microselectron (Feb. 23, 1993 - May 20, 1997) - 1,457 patients (first

appl. by S. Èikariæ, Lj. Gr¾etiæ).
From this clinical material we made a retrospective analysis of 1,330

patients with the cervical carcinoma treated with HDR brachytherapy (Table
1). From July 1, 1997 to August 31, 1978, a group of 187 patients with the
cervical carcinoma have been irradiated radically using manual Cs-137 LDR
afterloading technique (Table 1).

Squamous cell carcinoma was dominant in both groups (HDR-94.8%,
LDR - 96.8%). There were no patients younger than 20 years and the peak
incidence occurred in the age group of 50-55 years in both, HDR and LDR
series (peak incidence in surgery + radiation HDR series was in the age
group of  40-44 years (X = 51.8) (LDR series).

RADIATION TREATMENT

Intracavitary brachytherapy
We used uterine tube and two vaginal ovoids with both techniques (HDR

and LDR),. Total activity of sources (uterine tube + 2 vag. ovoids) was 333
GBq and 8.88 GBq at the and of August 1978. Dose rate at point A was 180
and 1.4 cGy/min; number of fractions 4-5 and 2 doses per fraction at point A
950-1000 and 3000-3200 cGy; time of 1 fraction 5-6 min and 33-39 h; inter-
val between 2 fractions 1 week and 2 weeks, total treatment time 21 and 15
days, total dose at point A was 3.800-4.000 and 6.000-6.400 cGy (Table 2).

External beam therapy
In all cases we combined intracavitary brachytherapy and the external

megavoltage beam therapy (Table 2).

In LDR series (1977/78) EBT regimen was as follows: total midplane
pelvic dose 45-50 Gy, 22-30 fractions, 4-5 fractions/week, 2 parallel oppo-
site fields and the central lead shield.

As shown in Table 2, TDFf at point A was enlarged in 1984 and from 1989
to 1990.
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RESULTS

Survival
The 5-year crude survival rates for all radically irradiated cases classified

into high and low-dose-rate groups (HDR Co-60 vs. LDR Cs-137) treated in
period July 1977 - August 1978, were as follows: HDR vs. LDR - st. I - 3/3
(100%) vs. 0/1 (0%), st. II - 46/85 (54%) vs. 44/66 (69.7%), st. III - 19/52
(36.5%) vs. 52/120 (43.3%) and all stages - 68/140 (48.6%) vs. 98/187
(52.4%). The results are better in the LDR series (stage II-III), but difference
in the survival rates is not statistically significant (p<0,01).

The 5-year crude survival rates for cases treated from 1974 to 1990
(HDR brachytherapy + EBT) are shown in Table 3.

We compared our results with the average world results (FIGO 1988). As
we can see in Table 4, Belgrade results are better (statistically significant for
total survival).

As we can see in Table 3, a 5-year survival of stages IIb and IIIa+b was
statistically more significant in 1984 and between 1989-1990 versus 1974-
1975 and 1977-1978 (TDFf: £165 £175 vs. £140).

Late postirradiation sequelae
Only the complications that developed at least 2 months after irradiation

were considered late complications (Table 5).

Severe late postirradiation sequelae (G3+4) in Belgrade group of patients
between 1989-1990 were high (13.4%) but they are compared with same
sequelae in other world centers: Horiot - 14.8% (LDR), Rodrigus - 14.3%
(LDR), Clark - 5.0% (HDR) and 28.0% (HDR + CT).

CONCLUSIONS

1. Our clinical material of 1,330 patients with the cervical carcinoma treat-
ed between 1974 and 1990 was very similar to the clinical material of FIGO'94
(distribution by stage, by age, by histology, etc.).

2. The difference between disease control rates of intracavitary
brachytherapy of the cervical carcinoma using either LDR or HDR was not
statistically significant. 

3. The 5-year survival rates were better and late postirradiation complica-
tions were more frequent and severe in those patients who were treated (radi-
ation only, HDR) in 1984 and between 1989-1990 (TDFf at point A was: £165
and £175).

4. All patients (6 patients with stage IIIb) treated with doses higher than
175 TDFf at point A have died within five years after treatment.

5. The 5-year survival rate for 1,330 Belgrade patients of all stages was
61.8% and for 31,543 FIGO'88 patients was 53.5% (crude data). This differ-
ence is statistically significant (p < 0.01).

6. Severe late postirradiation complications (G3+4) in Belgrade group of
patients between 1989-1990 were high (13.4%) but they are compared with
the same sequelae in other centers of the World: Horiot - 14.8% (LDR),
Rodrigus - 14.3% (LDR), Clark - 5.0% (HDR) and 28.0% (HDR+CT).
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INTRODUCTION

Based on experience and basic investigations (radiobiology), generally
accepted attitude is that combined radiotherapy of malignant cervical cancer
with brachytherapy and transcutaneous therapy (X-rays of high energy
obtained on supervoltage machines) is the optimal method for achieving suc-
cess in either  post-operative or radical treatment (1).

The advanced production of artificial isotopes in last decades and the
introduction of manual and remote afterloading techniques allowed the use of
radionuclides of high- dose- rate radioactivity (HDR). In addition to the maxi-
mal protection of health care personnel, possibilities for out-hospital treat-
ment, shorter term of application, better fixation of applicator, individual plan-
ning and optimization, we had even better survival results with reduced com-
plication frequency (2).

Modern practice offers various technical solutions in source positioning
during the same radiation regimes (HDR), along the applied catheters (3).

Selectron is a machine for mechanic afterloading in intracavitary
brachytherapy in HDR therapeutic regimen, with Co-60 foci. A source train
consists of combination of active and inactive pellets which are linearly dis-
tributed and fixed, making possible the adequate distribution of desired radia-
tion dose and which are pneumatically transferred into applicator (4).

The last generation of brachytherapy machines is Microselectron that has
one Ir-192 source with small dimenzions, moving "step by step" along the
applicator, with previously defined steps (stepping source). The desired iso-
dose distribution is obtained by programming dwell positions and times for
the single source within each applicator (4).

Having in mind various technical solutions in source positioning we
wished to compare treatment results in patients with cervical cancer treated
in the frame of combined radiation treatments: brachytherapy with Selectron

(linear distributed and fixed sources Co-60 HDR) or with Microselectron (step-
ping source Ir-192 HDR). We analyzed clinical parameters, therapeutic effica-
cy, complication level and the speed of radiation dose in certain points of
interest.

MATERIALS AND METHODS

At the Institute of oncology and radiology, Selectron (linear distributed and
fixed sources Co-60 HDR g-rays of 1,25 MeV) has been used for brachyther-
apy in cervical cancer from 1989. Microselectron (stepping source Ir -192
HDR g. rays of 0,35 MeV) has been used from 1992.

The retrospective study involved 216 patients with cervical cancer of all
stages (FIGO), treated with brachytherapy on Microselectron or Selectron (Ir-
192 group versus Co-60 group) within postoperative or radical combined radi-
ation treatment. During 1995, a group of 108 patients were treated on
Microselectron, and the same number of patients - 108 was in the group treat-
ed on Selectron during 1993. Stage distribution of patients in both groups (Ir-
192 group versus Co 60 group) was similar: St. I - 32 versus 17, St. II - 36
versus 49, St. III - 34 versus 37, St. IV - 6 versus 5 (Table 1).

The dominant histopathological type in both groups was planocellular
cancer (cca 95% of all patients). Other patients had adenocarcinoma of the
cervix which belong to less frequent histopathological type (1). The youngest
patient in this study had 20 years, and the oldest 80 years, while the majority
of patients belonged to the age group 40-55 in both groups.

All patients experienced combined treatment with transcutaneous radio-
therapy and brachytherapy. Transcutaneous radiotherapy (X ray of 6-10 MeV)
was conducted with TD of 36 to 46 Gy in 16-22 fractions with or without cen-
tral lead shield.

In cases of radical radiation treatment, brachytherapy was delivered with
uterine probe and two ovoids in 4 to 5 applications and TD of 7 to 8Gy in the
point A. In postoperative radiation treatment brachytherapy was delivered with
two vaginal ovoids and TD of 7 to 8 Gy in 4 applications and the dose calcu-
lated at 0.5 cm from the applicator (Table  2).

Two investigated groups of patients were uniform regarding age, histo-
logic type, and disease stage and treatment regimen.

RESULTS AND DISCUSSION

Four years survival of patients, according to stages, presented in percent-
age, treated with Microselectron and Selectron (Ir-192 versus Co-60 group)
was equalized: St. I - 24/27 (89%) vs. 14/16 (88%), St. II - 24/31 (77%) vs.
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28/36 (78%), St. III - 8/27 (30%) vs. 10/22 (45%), St. IV - 0/3 (-) vs. 0/4 (-),
and all stages 56/88 (64%) vs. 52/78 (67%), except in the group of patients
with stage III with better survival in the group of patients treated with Selectron
(45% versus 30%) than patients treated with Microselectron (Figure1).

The analysis of the late post-irradiation sequelae (French-Italian glossary)
was also performed: G1-20% vs. 14%, G2 - 8% vs. 10%, G3 - 10% vs. 7%,
G4 - 4% vs. 1% and total - 42% vs. 32%. The complications were with slight-
ly higher percentage in the group of patients treated with Microselectron.

Based on the results obtained, the Department for radiotherapy physics
and dosimetry of the Institute analyzed the medium and maximal dose speed
at the point A on Selectron and Microselectron with the same total activity of
the machines and in the same clinical conditions. The analysis revealed that:

- Medium dose speed in the point A on Selectron was 2 to 3 times high-
er than on Microselectron in any point in referent volume but in the relevant
part out of it also (Figure 2).

- Maximal dose speed in the point A on Microselectron was lower from
15 to 20 percent than on Selectron, during the same activity. In the point B,
the speed was lower approximately for 50%. At the surface of the intrauterine
probe the condition was inversely proportional. Maximal dose speed was 4 to
5 times higher on Microselectron than on Selectron (Figure 3).

In accordance with the obtained results of clinical investigation and phys-
ical analyses, the question arises: would the evidence of higher medium dose
speed on Selectron ( Co-60) in the point A and apart of it in the referent vol-
ume, and in the relative part out of it, be the explanation for slightly worse ther-
apeutic response in treatment on Microselectron (Ir -192) in case of patients
with advanced cervical carcinoma (St.IIIb FIGO), especially in conditions
when the activity of the source declines? Or, another question: can high speed
of contact dose on Microselectron be significant both from aspect of tumor
degradation and from aspect of applicator and healthy tissue and postirradia-
tion sequelae, concerning that our clinical study revealed that late post-irradi-
ation sequelae were represented in the group of patients treated on
Microselectron? Unfortunately, data in literature dealing with these problems
are very poor (5,6).

CONCLUSION

To conclude, we can say that, from the standpoint of our results, and
according to the of various technical solutions in source positioning, further
clinical investigation in strictly controlled studies with dosimetric investiga-
tions are necessary in order to define the most optimal therapeutic approach
in treatment of cervical carcinoma.
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Figure 1. 4-year survival corrected for the cases lost to follow-up in
groups Ir-192 and Co-60

Figure 2. Comparison of medium dose speed

Figure 3. Comparison of maximal dose speeds in the point A plane
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INTRODUCTION

Since the beginning of the combined radiotherapy approach in patients
suffering advanced cervical cancer, the goal of radiation oncologists has been
oriented towards determination of the total therapy dose, relation between the
doses given by external beam (EBRT) and brachythearpy (BHRT), etc., which
would give the best therapy result that assumes the highest degree of tumour
control while minimizing acute and late complications predominantly on the
urinary bladder, rectum and small bowel. When EBRT as a part of combined
treatment is concerned, some kind of consensus was established assuming
that the pelvic side wall dose should be kept in a range 50 Gy for early stages,
to 65 Gy for advanced ones (1). However, one has to keep in mind that the
pelvis sidewall dose is generated not only by EBRT but also with BHRT (with
less extent). On the other hand, brachytherapy depends on various circum-
stances that include irradiation regimen (LDR, MDR or HDR), the initial tumour
volume, ability to displace the urinary bladder and rectum. But there is agree-
ment among therapists that the total therapy dose to the point A (in a term of
LDR equivalent dose) should be kept to at least 80 Gy for early stages, or 90
Gy for advanced disease stages (1). Porurquier and collaborators (2) report
that the total dose of 75-80 Gy generates G2-G3 complications in 5% of treat-
ed patients, while the total doses greater than 80 Gy enrolls more than 10%
of treated patients. Although pathophysiologic mechanisms of sequel gener-
ation are well known (3-5), strict limits of a tissue tolerant total dose are not
known. The problem seems open when different therapy approaches and
brachytherapy regimens (from LDR to HDR) are assumed. Only few authors
reported results on MDR brachytherapy regimen, as a part of combined radio-
therapy treatment in patients with cancer of the cervix (6). On the other hand
numerous authors report that patients suffering from late postirradiation
sequels have statistically significant benefit in the overall survival than patients

without complications (2,7), which points out significance of magnitude of the
total dose for cancer control. 

It seems that sophisticated brachytherapy units, computer treatment plan-
ning, dose optimization and individualization, can be powerful tools that can
insure good therapy results (maximum tumour control and overall survival
with minimum late complications), in this patient group.

In this paper we would like to report therapy results in group of patients,
suffering advanced cancer of the uterine cervix, treated at the Institute of
Oncology in Sremska Kamenica, from 1987 to 1993. End point of this study
is to correlate the total dose and volume dose to the urinary bladder and rec-
tum with late complication (8).

MATERIALS AND METHODS

Group of 100 patients with advanced cervical cancer (FIGO stages IIb and
IIIa) underwent combined radiotherapy (EBRT + BHRT) to the total pelvic
EBRT dose of 50 Gy (20 Gy/10 fractions; open field + 30 Gy/20 fractions;
central shielding) + BHRT dose 51 Gy/2 fractions (1 fraction weekly; mean
dose rate 250 cGy/h - MDR). In all patients rectum and the urinary bladder
maximum BHRT dose was planed to be 62% of the total BHRT dose, i.e. 31.62
cGy), that was in accordance with ICRU 38 recommendations (9). However,
some of patients received less than maximum BHRT dose. All patients sur-
vived more than 5 years post irradiation. Group was divided into two sub-
groups: I - patients without late complications and II - patients with late com-
plications. Other patient characteristics can be found elsewhere (8).
Appropriate statistical tests were applied to find difference between groups
and facilitate final conclusion (8). 

RESULTS AND DISCUSSION

Doses to the critical organ (rectum and/urinary bladder) were higher in
patients suffering from late complications than in patients with no complica-
tions. 

For G3 rectal complications we found difference in patients that received
BHRT dose from 33.16 Gy (65%) to 43.35 Gy (80%) which in combination
with EBRT totaled 53-63 Gy. However, it is shown that influence of BHRT
dose for G3 rectal complications is dominant (10), but only in the involved
rectum part that receives total dose higher than 75 Gy. On the other hand G2
complications are not in strong correlation with BHRT dose, and depend main-
ly on EBRT dose in a range above 70 Gy. Also, therapy dose volume plays sig-
nificant role in generation of late sequels on rectum. Sismondi et al. (1990)
(11) reported it, too.

Acute complications on the urinary bladder were greater when organ-point
(ICRU 38) total dose exceeded 62% dose limit, but for late complications no
correlation was observed. This is contrary to the result reported by Crook et
al. (1987) (10); however the authors (10) discuss degree of that correlation,
pointed out the urinary bladder referent point definition (9) and associated
marking and reconstruction problems. Barillot et al. (1993) (12) introduced
ultrasonography technique as promising technique for visualization of the uri-
nary bladder reference points.

CONCLUSION

In contrary to LDR and HDR brachytherapy, MDR brachytherapy regimen,
as a part of combined radiotherapy of advanced stages of the uterine cervix
cancer, is applied in limited number of radiotherapy centers and limited num-
ber of patients. It seems that these are reasons for limited data on therapy tox-
icity, as well as, therapy results. When combined radiotherapy toxicity in this
patient group is concerned, only correlation between the organ dose and late
morbidity (G2 and G3 complications) was obtained, pointed out that
brachytherapy dose significantly influences occurrence of G3 late complica-
tions on infected rectum part, while external beam therapy dose influences
occurrence of G2 late complications. For the urinary bladder no strong corre-
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lation was observed for same parameters.
Porurquier and collaborators (2) point out that BHRT dose given to criti-

cal organ (rectum and urinary the bladder) plays significant role in therapy late
morbidity and that BHRT individualization, associated with reduction of EBRT
dose to 45 Gy can improve radiotherapy outcome, mainly for late G2-G3
complications, in patients suffering advanced the uterine cervix cancer.
Approach of the American Brachytherapy Society (1) seems similar when
HDR brachytherapy regimen is concerned.
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This is a retrospective analysis of late complications occurring after radio-
therapy treatment of cervical cancer of all stages in 149 patients in the period
of 1989/90.

We use well known French-Italian classification of complications of rec-
tum and urinary bladder, by type and stage/from G1 a-f to G4.

Most patients in our clinical material were in stage III of the disease
(38,9% ). At the admission to the hospital patients were aged between 50-59
years, mostly. Histopathological type by far most often diagnosed was squa-
mous cell carcinoma (96.6%).

Treatment modalities:
l. For radiation only on CTR or SEL-HDR (1) with uterine tube and 2

ovoids-5x7 Gy/.A or 4x8-10 Gy.A, combined with external beam therapy with
dose of 46 Gy/22 fractions, with or without central lead shields,

2. For radiation after surgery, with 2 ovoids 4x7, 5-8 Gy/0,5 cm combined
with EBT -36-45 Gy/18-22 fractions.

TDFf was within interval of 135-175 (in our materials).
Five-year survival rate for all patients was 63.8%.  Our research showed

that there was no statistically significance depending on whether lead (Pb)
shield was or was not used. (2).

Occurrence of late complications in both systems, GIT and urinary,
staged from G1-G4, expressed in absolute numbers and percentage in 71
patients irradiated by SELECTRON and 78 by CATHETRON, showed that
regardless of the choice of machine, i.e. using either SEL. or CTR., the Gl
complications prevailed: 22.5% for SEL., of 149 patients complication were
seen in 48.3%. There is no difference in percentage of late sequelae using
either machine (3). As already said the highest percentage of complications
for both machines occurred in G1.

There is statistically significant difference in percentage of G1 complica-
tions for us (25 patients of 16.8%) in relation to G1 for gastrointestinal sys-
tem (12 patients or 8.1%), as well as the highest statistical difference for G4
complications (0.7% vs. 4% for GIT). Thirty patients were transcutaneosly
irradiated using central lead shield, and 119 without it. Complications of all
stages - G1 - G4 in patients in whom the lead shield was applied amount-per-
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cent. There was no statistically significant difference between these groups.
However, if only G3 and G4 complications are taken into consideration, sta-
tistically significant complications are seen in patients in whom the filter was
used.

CONCLUSIONS

1. Late postirradiation sequelae in patients with cervical cancer were most
frequently located in the gastrointestinal and urinary system.

2. Statistically significant difference in occurrence of late complications in
relation to selection of machine (Cathetron of Selectron HDR) was not pro-
vided in this paper. 

3. Percentage of complications of grade G1 is the highest.
4. Percentage of late complications of grade I (G1) located on urinary

system is higher in relation to percentage of the ones in gastrointestinal sys-
tem.

5. There is no statistically significant difference in occurrence of late com-
plications in relation to usage of central lead shield.

6. Higher TDFf value - higher complication percentage of higher grade.
7. The higher TDFf - the higher percentage of late complications - lower

rate of recurrences.
8. The French-Italian glossary is useful and applicable especially in mak-

ing comparisons in clinical practice (4).
9. Our results correspond to the world results.
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Radiotherapy is used for all stages of cervical cancer. When the surgery
is contraindicated, it is applied as the brachytherapy in microinvasive cervical
cancer. Postoperatively, in FIGO stages Ib and IIa, it is applied as the external-
beam irradiation and intracavitary brachytherapy. The radical combined radi-
ation therapy is used in advanced carcinoma, from IIb to IVa stages.
Radiotherapy is applied together with chemotherapy as the sandwich therapy
for the solitary metastases in IVb stadium. The basic aim of this report is the
description and analysis of the complications in cervical cancer radiation ther-
apy. From 1995 through 2001, 77 patients with cervical cancer were treated
and received follow-up care at the oncology department of the Medical Center
in Gornji Milanovac. Twelve patients were treated only with surgery, 24 with
surgery and further radiation, and 41 with radical radiation therapy. Most
patients were in FIGO I stage. The most dominant carcinoma was squamo-
cellular (>90%). The average age of the patients was 51.2 years. Median fol-
low-up was 25 months (range 2-71). Median survival for the whole group
was 29 months (range 6-72). Seven patients had recurrence after radiation
(10.8%), and in 6 patients (9.3%) metastases occurred. The most distinctive
late postirradiation complications were the rectal dysfunction and vaginal
strictures - 6.1%, cystitis, ureteral strictures and consequential hydronephro-
sis, as well as the appearance of ileus - 4.6%. According to the number,
weight and kind, postirradiation complications were in the expected limits. The
expertise of the radiotherapist is vital for the destruction of the tumor tissue
and preservation of the vital organs from the damage. 
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