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Introduction

Rectal malignancy is the most prevalent malig-
nancy of the human large intestine and the third most 

frequent cancer in women [1, 2] and more than half 
of all patients receive radiotherapy for treatment 
[3]. Pelvic irradiation is one of the most important 
steps in the radiotherapy plan for rectal cancer [4]. 

ABSTRACT

Background: Radiotherapy has a significant side effect known as radiation-induced secondary cancer. This study aims to eval-
uate the dose and secondary cancer risk for women with rectal cancer treated with three-dimensional conformal radiation 
therapy (3D-CRT) to the organs at risk (OARs) and some sensitive organs using different types of radiation-induced cancer risk 
prediction models, including Biological Effects of Ionizing Radiation (BEIRVII), Environmental Protection Agency (EPA) and In-
ternational Commission on Radiological Protection (ICRP), and compare the results of the different models for same organs.

Materials and methods: Thirty female patients with rectal cancer were considered and dose calculations were based on 
the PCRT-3D treatment planning system, while the radiotherapy of the patients had been performed using Shinva linear 
accelerator with a total dose of 45 Gy at 25 fractions. Planning target volume (PTV), OARs, and some sensitive organs were 
contoured, three models were used to evaluate secondary cancer risk (SCR) using the excess relative risk (ERR) and excess 
absolute risk (EAR).

Results: The bladder presents the highest risk, in terms of ERR, and the femur head and uterus in terms of EAR from 
the three models (BEIR VII, EPA, and ICRP). 

Conclusion: Based on the obtained results, radiotherapy of rectal cancer is relatively higher for the bladder and femur head, 
compared to the risk for other organs, the kidney risk is significantly lower. It was observed that the SCR from the ICRP model 
was higher compared to BEIR VII and EPA models.
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According to previous studies [5–7], most sec-
ond malignancies related to radiotherapy occur in 
or close to the radiation-exposed region. 

Different organizations have developed pre-
diction models for the incidence or death due to 
radiation-induced cancer, the most updated data 
from the atomic bomb survivors’ data in Japan has 
been used to improve these cancer risk models 
[8]. In 1990 the National Academy of Sciences re-
leased its initial report named (BEIR) or BEIR VII 
— Phase 2 [9, 10]. From 1950 to 2000, there was 
a noticeable correlation between radiation expo-
sure and rectal cancer in survivors of the atomic 
bombs in Hiroshima and Nagasaki [11]. Addition-
ally, studies have shown that individuals who un-
dergo long-term radiotherapy have a higher risk 
of developing second cancers, often located in or 
near the area where the primary cancer was treated 
[12]. As a result, various national and internation-
al organizations, including the International Com-
mittee on Radiation Protection (ICRP), the Unit-
ed Nations Scientific Committee on the Effects 
of Atomic Radiation (UNSCEAR), the Biolog-
ical Effect of Ionizing Radiation (BEIR VII), 
and the Environmental Protection Agency (EPA), 
have developed risk models to estimate the inci-
dence of second rectal cancer. However, there is 
a significant level of uncertainty associated with 
each model, with some uncertainty overlapping or 
even exceeding the differences between the models 
[13]. The risk calculator utilizes risk models that 
are largely derived from the BEIR VII committee’s 
work in estimating the lifetime risk of site-specif-
ic cancers caused by radiation exposure to the US 
population [14]. 

New risk models have been introduced and de-
veloped such as ICRP and EPA models [15, 16]. 
These models enable one to estimate the risk of 
cancer arising from a specific dose of ionizing ra-
diation. Many studies show that, compared to men, 
women are more vulnerable to the development 
of cancer for a given radiation dose [17]. Due to 
the location of the rectum within the woman’s pel-
vis, the organs inside and near the pelvis can receive 
a high dose during radiotherapy of the rectum. 

Previous research by Birgission et al. [18] ob-
served an increase in secondary cancer risk (SCR) 
in patients with rectal cancer receiving 3D-CRT 
in tissues near the treated volume. Zwahlen et al. 
[19] in a study on estimated SCR after radiotherapy 

for rectal cancer, found that the SCR compared to 
3D-CRT and VMAT techniques were not different 
statistically significantly. The limitation of previous 
studies is using only one model, while the present 
study aimed to estimate the dose and the secondary 
cancer risk induction for OARs and some sensitive 
organs for women after rectal radiation therapy us-
ing BEIR VII, EPA, and ICRP.

Materials and methods 

Thirty female patients were evaluated retro-
spectively and computed tomography (CT) im-
ages were acquired for all the patients. Treatment 
plans and dose calculations were performed using 
the 3D-CRT treatment planning system (TPS). 
Radiotherapy irradiation had been conducted 
using 6-MVshinva linear accelerator machine 
(SHINVA, China) with a prescription dose of 
45 Gy given in 25 fractions of 1.8 Gy. The treat-
ment technique consisted of 4 box fields (4FB) 
including anterior, posterior, and 2 lateral fields. 
A summary of the steps for the calculation of 
the SCR using different models is presented in 
Figure 1. OARs included the small bowel, blad-
der, femur head and some other sensitive organs 
such as the ovaries, uterus, kidney, skin, and bone 
were also contoured, and dose volume histograms 
(DVHs) for all patients were obtained. The Dmean 
in Gy to OARs and sensitive organs were extract-
ed, the dose values were introduced into differ-
ent mathematical equations and the SCR was cal-
culated for all the specified organs, and the results 
of the three models were compared. 

The demographic and characteristics of patients, 
as well as the prescribed dose (Gy), are listed in 
Table 1.

Treatment planning 
Computed tomography (CT) images were tak-

en using a 16-slice CT unit with 5 mm axial plane 
slice. Treatment plans and dose calculations were 
performed using PCRT-3D TPS (version 6.0.2.14, 
Spain), using a superposition algorithm. With 
a 3 mm dose grid, differential DVHs for all 30 fe-
male patients were obtained and dose delivery was 
performed with the prescription dose of 45 Gy giv-
en in 25 fractions of 1.8 Gy. The treatment tech-
nique consisted of 4 fields box including anterior, 
posterior, and 2 lateral fields.
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Here, the OARs, including the small bowel, 
bladder, femur head, and some sensitive organs, 
such as ovaries, uterus, kidney, skin, and bone, 
were contoured. The planning was performed to 
cover the PTV within 95–107% of the prescribed 
dose. For the PTV, a 10 mm margin was added 
to the CTV to consider patient movement. From 
the DVHs, the mean absorbed dose in Gy was ob-
tained for the OARs and sensitive organs during 
the 3D-CRT conformal radiotherapy treatment of 
the thirty patients. Figure 2. shows sample DVH 
curves for the PTV and OARs. Then the Dmean val-

ues were introduced into different mathematical 
equations, the SCR was calculated for all the speci-
fied organs, and the results of these three risk mod-
els were compared. 

Calculation of secondary cancer risk 
Both excess relative risk (ERR) models for 

the relative change in rates and excess absolute 
risk (EAR) models for the absolute difference in 
rates for exposed values for OARs and some sen-
sitive organs were calculated using BEIR VII, EPA 
and ICRP models. Mathematical equations were 
used and specific parameters such as sex, age 
at exposure, and the attained age were applied. 
The method of calculating the ERR and EAR of 
SCR is presented in the sections which follow 

BEIR VII model
The ERR and EAR for SCR were calculat-

ed by mathematical equations and according to 
the parameters, which were selected based on 
the patient’s gender, body organs, and age at expo-
sure. The parameter βs, γ, and η are listed in Table 2. 
ERR and EAR can be calculated using the following 
formulas:

𝐷AR � ��𝐷𝐷 𝐷𝐷𝐷𝐷�𝛾𝛾𝛾𝛾∗� �𝑎𝑎 60� �� 
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Table 1. Characteristics of the patients with rectal cancer in 
the present study

Characteristics Number

Number of female patients 30

Age [range in years] 37–75

Prescribed dose [Gy] 45.00 

PTV volume [cc] 558.60 

Small bowel volume [cc] 458.99

Bladder volume [cc] 179.52

Right femur head [cc] 132.34

Left femur head [cc] 130.71

Right ovary [cc] 7.06

Left ovary [cc] 9.35

Uterus [cc] 102.57

Figure 1. A summary of the steps for calculation of Biological Effects of Ionizing Radiation (BEIR VII), Environmental Protection 
Agency (EPA), and International Commission on Radiological Protection (ICRP) models

BEIR VII model
1 — excess relative risk

2 — excess absolute risk

EPA model
1 — excess relative risk

2 — excess absolute risk

ICRP model
1 — excess relative risk

2 — excess absolute risk

Patients
30 women with

rectal cancer

Radiation therapy
• 3D conformal radiotherapy 

(3DCRT)
• 6-MV linear accelerator 

(Shinva)

OARs
• small bowel
• bladder
• femur-head

Sensitive organs
• uterus
• ovaries
• kidney
• skin
• bone

Secondary cancer risk model
(liner no-threshold)

(LNT)

Based on dose-volume
histograms (DVHs)
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βs, γ, and η are changed based on the type of EER 
and EAR, where βs is referred to β for males or fe-
males, which means the risk type per Gy at the age 
of exposure 30 and attained age 60, βs differs de-
pending on the patient’s sex.

D is the Dmean to organs in Gy, the γ value sug-
gests that the risk of cancer at age e decreases for 
each decade that the age of exposure is increased.

η suggests that at the attained age, the absolute 
level of risk is decreased.

𝐷AR � ��𝐷𝐷 𝐷𝐷𝐷𝐷�𝛾𝛾𝛾𝛾∗� �𝑎𝑎 60� �� 
 

𝐷RR � ��𝐷𝐷 𝐷𝐷𝐷𝐷�𝛾𝛾𝛾𝛾∗� �𝑎𝑎 60� �� 
 

𝑒𝑒∗ � 𝛾𝛾 � �0
10  
 

 EARkidney cancer �
𝜆𝜆�𝑠 kidney �𝑠𝑠𝑠 𝑠𝑠�
𝜆𝜆�𝑠 residual �𝑠𝑠𝑠 𝑠𝑠� EAR�������� 

 

 EAR����𝐷������𝐷 � 0�2𝐷𝐷 � 0������ 
 

 EARbone cancer 𝐷� �𝐷𝐷 � 𝑔𝑔�𝛾𝛾� � ℎ�𝑡𝑡�𝐷
 

𝑔𝑔�𝑒𝑒� � 𝛾𝛾������������� 
 

ℎ�𝑡𝑡� � �2𝜋𝜋𝜋𝜋������ � 𝛾𝛾
������������������ � 1

𝑡𝑡 
 

𝐷RR𝐷 � 𝑔𝑔�𝐷𝐷 � 𝛾𝛾���⋅���������⋅��� ���� 
 

𝐷AR𝐷 � 𝑔𝑔�𝐷𝐷 � 𝛾𝛾���⋅���������⋅��� ���� 

 

and e* = zero if e ≥ 30, α is the attained age 
(years) and is equal to α = e + L. 

EPA model 
Similar to the BEIR VII model, EAR and ERR 

were calculated. In addition, additional mathemat-

ical models for specific types of cancers were used 
in the EPA model, where the risk of kidney, bone, 
and skin cancers was calculated using the new mod-
els which are presented below:

First, for kidney cancer as 
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Where λi kidney is the kidney cancer incidence rate, 
and λi residual is the incidence rate of other solid tu-
mors.

For skin cancer the corresponding formula for 
ERR is as below: 
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Where D is Dmean to the skin, e is the age at 
the time of exposure 

Figure 2. A sample of dose volume histogram (DVH) curves and organs at risk (OARs) for rectal cancer radiotherapy patient 

Table 2. βMale, βFemale, γ, and η parameters for calculation of risk of excess relative risk (ERR) and excess absolute risk (EAR) using 
Biological Effects of Ionizing Radiation (BEIR VII) and Environmental Protection Agency (EPA) models

Cancer type
ERR EAR

βMale βFemale γ η βMale βFemale γ η

Colon 0.63  0.43 –0.3 –1.4 3.2 1.6 –0.41 2.8

Uterus – 0.055 –0.3 –1.4 – 1.2 –0.41 2.8 

Ovary – 0.38 –0.3 –1.4 – 0.7 –0.41 2.8 

Bladder 0.5 1.65 –0.3 –1.4 1.2 0.75 –0.41 6.0 

Other tumors 0.27 0.45 –0.3 –2.8 6.2 4.8 –0.41 2.8
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The related EAR formula for bone cancer is 
shown below, it is based on data on radiation-in-
duced bone sarcoma from the BEIR IIV calcula-
tion methods by Nekolla et al. [16].
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Where α = 178 ×10–1 Gy–1, t = 12.3, t0 =12.72, 
σ = 0.61 

D is the Dmean to the bone, g (e) shows the risk 
variance.  e is the exposure age, and h (t) shows 
the change over time following exposure. 

ICRP model 
The third model is the ICRP model with differ-

ent mathematical equations and different parame-
ters which are defined as follows: 
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Where D is Dmean to organs, gs, ge, ga
 parameters 

for the ICRP model are listed in Table gs, is risked 
per Gy at age of 70 for exposure at age of 30, ge 
the age at exposure 100% change in ERR or EAR 
per decade increase ga is the parameter by which 
the EAR or ERR differs: the power of attained age.

Statistical analysis 
The statistical analyses were performed using 

Statistical Package for the Social Sciences (SPSS) 

software (version 25, SPSS Inc., Chicago, United 
States). The Kolmogorov-Smirnov test was applied 
to the dosimetric data to evaluate if the data has 
normal distribution or not. The independent t-test 
was used to analyse the data having a normal dis-
tribution. Whereas the Mann-Whitney U test for 
those data that had not normally distributed. A sig-
nificant difference between the two models that 
were compared was defined as p < 0.05.

Results

Organ doses
For 30 women who received rectal cancer treat-

ment with 3D-CRT, the absorbed dose in dif-
ferent organs was evaluated. These values were 
obtained for each organ using the DVHs curves. 
The Dmean in Gy for PTV and OARs including small 
bowel, bladder, and femur head were 18.12 Gy, 
44.44 Gy, and 22.99 Gy, respectively. The Dmean 
for ovaries, uterus, kidney, skin, and bone was 
44.56 Gy, 45.37 Gy, 2.20 Gy, 16.65 Gy, and 22.20 Gy, 
respectively. Table 4 lists these doses compared to 
the tolerance dose of normal tissues to therapeutic 
radiation based on the study by Emami et al. [21].

Secondary cancer risk using BEIR, EPA, 
and ICRP models

Our results for ERR and EAR to OARs and sen-
sitive organs in unit per 100,000 persons-year from 
the BEIR VII model are presented in Table 5. 
The average value of ERR for the small bowel blad-
der and femur head is 3.77, 37.91, and 6.11, respec-
tively, while the ERR for sensitive organs such as 
ovaries, uterus, kidney, skin, and bone are: 8.83, 
1.27, 0.52, 4.20, and 5.89, respectively. The EAR for 
OARs including the small bowel, bladder, and fe-

Table 3. gs, ge, ga coefficients from the International Commission on Radiological Protection (ICRP) cancer risk model for 
calculation of excess relative risk (ERR) and excess absolute risk (EAR)

Cancer type
ERR EAR

Sex gs ge ga gs ge ga 

Colon
Male 0.68 –0.017 –1.65 5.76 0.024 2.38

Female 0.33 –0.017 –1.65 2.40 0.024 2.38

Ovary
Male – – – – – –

Female 0.32 –0.017 –1.65 1.47 0.024 2.38

Bladder
Male 0.67 –0.017 –1.65 2.77 0.011 1.38

Female 0.10 –0.017 –1.65 7.45 0.024 1.38

Other tumors
Male 0.22 0.017 –1.65 7.45 0.024 2.38

Female 0.17 –0.017 –1.65 10.40 0.024 2.38
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mur head is 10.19, 14.80, and 38.61, respectively. 
EAR for sensitive organs such as the ovaries, uterus, 
kidney, skin, and bone is 11.19, 19.08, 3.71, 27.87, 
and 37.43, respectively. The highest risk is related to 
the bladder in terms of ERR and the femur head in 
terms of the EAR. The risk for the kidney is consid-
erably lower in terms of ERR and EAR compared to 
the other organs.

For the EPA model (Tab. 5), including all average 
values of ERR and EAR in unit per 100,000 per-
sons-year, the average value of ERR for the small 
bowel and bladder are 3.77 and 37.91, respective-
ly. ERR for sensitive organs such as the ovaries, 
uterus, and skin is 8.83, 1.27, and 0.01, respective-
ly. The EAR for the small bowel, bladder, and fe-
mur head is 10.19, 14.80, and 24.23, respectively. 
For sensitive organs such as the ovaries, uterus, 
kidney, and bone are 11.19, 19.08, 0.06, and 24.35, 
respectively. According to these data, the high-
est SCR is related to the bladder in terms of ERR 

and bone in terms of the EAR. In comparison to 
the risk for the other organs, the kidney risk is con-
siderably lower in terms of ERR and EAR. 

For the ICRP model, ERR and EAR for OARs 
and sensitive organs in unit per 100,000 per-
sons-year are presented in Table 5. The average 
value of ERR for the small bowel bladder and fe-
mur head is 5.11, 42.88, and 3.30, respectively. For 
sensitive organs such as the ovaries, uterus, kidney, 
skin, and bone it is 12.64, 6.67, 0.30, 2.21, 3.33, re-
spectively. While EAR for the small bowel, bladder, 
and femur head is: 16.69, 55.26, 92.19, respective-
ly. For sensitive organs such as the ovaries, uter-
us, kidney, skin, and bone it is 11.09, 19.08, 3.71, 
27.87, and 37.43, respectively. The results show that 
the highest secondary cancer risks are related to 
the bladder in terms of ERR and the uterus in terms 
of EAR. The average risk for the kidney in terms of 
ERR and EAR is considerably lower compared to 
the other organs.

Discussion

The SCR was evaluated for 30 women with 
rectal cancer after radiotherapy using BEIR VII, 
EPA, and ICRP risk prediction models. The Dmean 
in Gy for PTV, OARs, and sensitive organs is pre-
sented in Table 4. The Dmean in Gy is the highest 
for the uterus, ovaries, and bladder: 45.37, 44.56, 
and 44.44 Gy, respectively, Dmean for other organs 
such as the small bowel, femur head, skin, and bone 
is 18.12, 22.99, 16.56 and 22.20 Gy, respective-
ly. The Dmean of the kidney is lower compared to 
the other organs. As it is clear from mathematical 

Table 4. Average Dmean (Gy) to organ at risk (OAR) 
and sensitive organs and comparing these doses to 
tolerance doses of normal tissues based on Emami et al. [22] 

Organ Dmean [Gy] Tolerance dose [Gy]

Small bowel 18.12 40.00

Bladder 44.44 65.00

Femur head 22.99 52.00

Ovaries 44.56 –

Uterus 45.37 –

Kidney 2.20 28.00

Skin 16.56 55.00

Bone 22.20 55.00

Table 5. Mean excess relative risk (ERR) and excess absolute risk (EAR) per 100,000 persons-year for rectal cancer patients 
from Biological Effects of Ionizing Radiation (BEIR VII), Environmental Protection Agency (EPA), and International Commission 
on Radiological Protection (ICRP) models

Organ
BEIR VII EPA ICRP 

ERR EAR ERR EAR ERR  EAR

Small bowel 3.77 10.19 3.77 10.19 5.11 16.69

Bladder 37.91 14.80 37.91 14.80 42.88 55.26

Femur head 6.11 38.61 – 24.23 3.30 92.19

Ovaries 8.83 11.19 8.83 11.19 12.64 25.49

Uterus 1.27 19.08 1.27 19.08 6.67 182.12

Kidney 0.52 3.71 – 0.06 0.30 11.75

Skin 4.20 27.87 0.01 – 2.21 66.14

Bone 5.89 37.43 – 24.35 3.33 89.88
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equations for risk calculation, the ERR and EAR 
are directly proportional to organ dose, in the BEIR 
VII, EPA, and ICRP models. It was observed that 
SCR increases with increasing doses to the or-
gans, Due to this effect, the highest Dmean was for 
the uterus, ovaries, and bladder. These organs have 
a higher risk compared to the risks for the kidneys 
and skin, which received a lower dose. In this study, 
the SCR was the highest in organs inside or near 
the treatment field such as the bladder, femur head, 
and uterus while the kidneys and skin had less risk. 
These results are in agreement with the studies by 
Dorr et al. [22] and Boice et al. [23] who noted that 

the highest SCR is observed in organs or tissues 
that are placed close to or on the edges of the PTV. 

As can be seen from the data in Figure 3A 
the average risks from the BEIR VII model for all 
30 patients which were calculated using the EAR 
and ERR risk in unit per 100,000 persons-year are 
for the small bowel, bladder, femur head, ovaries, 
uterus, kidney, skin, and bone. According to ERR, 
the bladder presents the greatest risk, which is 
37.91. The highest risk in EAR is 38.61, and 37.43 
for the femur head, and bone, respectively. On 
the other hand, the average risk for a kidney is 
significantly lower compared to the other organs 

Figure 3. The excess relative risk (ERR) and excess absolute risk (EAR) (per100,000 persons-year for organs at risk (OARs) 
and sensitive organs of patients treated with radiotherapy of rectal cancer using: Biological Effects of Ionizing Radiation (BEIR VII) 
(A); Environmental Protection Agency (EPA) (B); and International Commission on Radiological Protection (ICRP) (C) models
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which are: 0.52 and 3.71 in terms of ERR and EAR, 
respectively.

According to the EPA model, the present re-
sults in Figure 3B show that the cancer risks using 
the ERR, and EAR in unit per 100,000 persons-year 
for the small bowel, bladder, ovaries, and uterus are 
equal to the corresponding values from the BIER 
VII model. This is because the same methodology is 
used for both quantities with the same mathemati-
cal equations for these two models. But the risks for 
bone, kidney, skin, and femur head are consider-
ably lower in the EPA model, which is, on the oth-
er hand, due to applying new mathematical equa-
tions developed in the EPA report. As it is clear that 
there is no ERR formula for some organs such as 
the kidney, femur head, and bone in the EPA mod-
el, ERR was not calculated for them. As regards 
the ERR values, the highest cancer risk is related to 
the bladder which is: 37.91, while the highest risk 
in EAR is 24.35, 24.23 for bone and femur head, 
respectively. These results are similar to those from 
the BIER VII model. The average risk for the kidney 
is lower: 0.06 in terms of the EAR and 0.01 in terms 
of ERR for skin due to applying the new mathemat-
ical equation in the EPA report. 

As shown in Figure 3C, the highest average ERR 
value for the bladder was 42.88 which is estimat-
ed using the ICRP model. Similar to the previous 
two models, the femur and bone were the high-
est estimation risk in EAR with values of 92.19, 
and 89.88, respectively. And the highest risk is 
related to the uterus with a value equal to 182.12, 
and this is because the uterus had a higher gs value 
in the ICRP model [15] compared to the other or-
gans. This means that the uterus is more sensitive to 
radiation. The average risk for the kidney is consid-
erably lower compared to the other organs which 
are: 11.75 and 0.30 in terms of ERR and EAR, re-
spectively.

By using BEIRVII, EPA, and ICRP models in ra-
diotherapy of rectum cancer it was observed that in 
ERR and EAR the bladder and femur head, respec-
tively, are associated with the highest SCR. This 
is mostly due to the location of the bladder and fe-
mur head within the irradiated volume, and be-
cause the SCR increases with the therapeutic dose 
of OARs which was 44.44 and 22.89 for the bladder 
and femur, respectively. According to the BEIR VII 
report in comparison to other organs, the bladder’s 
βs value was higher, indicating that it is more ra-

diation-sensitive. These results are consistent with 
the study reported by Guan et al. [24] who report-
ed that radiation-treated rectal cancer patients had 
a greater SCR for the bladder than the general 
population. Another study by Nangia et al. [25] 
on the estimation of SCR after treatment of rectal 
cancer has shown that uterine cancer incidence 
is higher than expected in people who receive pel-
vic radiation used for treating rectal cancer.

The comparison of the risk for the other organs 
shows that the kidney has a lower risk. This is be-
cause the location of the kidney is outside the irra-
diated volume and a low dose is received by the kid-
ney. Similar findings were reported by Horwich 
et al. [26] on the estimate of the SCR in patients 
receiving radiation therapy in stage I seminoma 
who found that treatment does not substantially 
increase SCR for organs outside the radiation field. 

This study aimed to compare the results of cancer 
risk from three models, therefore, there are three 
comparisons: the first between BIER VII and EPA, 
the second between BEIR VII and ICRP and, final-
ly, between EPA and ICPR. As indicated in Table 6, 
there are significant differences between these mod-
els in some cases. As can be seen from the data in 
this Table, for the ERR quantity, there is no statis-
tically significant difference (p > 0.05) for second-
ary cancer risk between BEIR VII and EPA models 
for the small bowel, bladder, ovaries, and uterus. 
Therefore, SCR values using BEIR VII are equal 
to the corresponding values from the EPA mod-
el, except for the risks for the bone, kidney, skin, 
and femur head, for which the SCR values are con-
siderably lower from the EPA model. According to 
the ERR data from BEIRVII and ICRP models, there 
are statistically significant differences (p < 0.05) be-
tween two models for the OARs and sensitive or-
gans. In other words, SCR using the ICRP model 
is significantly higher when comparing BEIR VII 
and ICRP models. For EPA and ICRP models, there 
is a statistically significant difference (p < 0.05) 
between these models for the OARs and sensitive 
organs, and it was observed that the risk using 
the ICRP model is significantly higher compared 
to the EPA model. 

As can be seen from the data in Table 7, accord-
ing to the EAR data from BEIR VII and EPA mod-
els, there is no statistically significant difference 
(p > 0.05) between these two models. Therefore, 
SCR using BEIR VII are equal to the correspond-
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ing values from the EPA model. This trend is due 
to applying the same methodologies for both quan-
tities with the same mathematical equations. How-
ever, for the bone, and kidney there are statistically 
significant differences (p < 0.05) between BEIR VII 
and EPA models. Therefore, generally speaking, 
SCR using BEIR VII is equal to the corresponding 
values from the EPA model, on the other hand, 
for BEIR VII and ICRP models there are statisti-
cally significant differences (p < 0.05) between 
these models and the same results were obtained 
when comparing the EPA and ICRP models for 
SCR for the OARs and sensitive organs. 

Generally, as can be seen when comparing be-
tween BEIR VII, EPA, and ICRP models using 
both ERR and EAR values, there are different re-
sults between them. It was observed that the risk 
using the ICRP model was significantly higher 

when comparing BEIR VII, and EPA models as 
shown the data in Figure 4 which show three mod-
els of ERR and EAR values This is consistent with 
the study by Amaoui et al. [27] on the evaluation 
SCRs in breast cancer using the EAR and ERR 
from the ICRP models. They reported that the re-
sults are much higher (by around 19 times) than 
those calculated by Elgendy et al. [28] on the es-
timation of SCRs in breast cancer. A limitation of 
the current study was that the results were based 
on 3D-CRT. However, in applying BEIR VII or 
any other model to predict secondary cancer risk 
it’s critical to reduce the doses to surrounding or-
gans as much as achievable, and it is suggested to 
select IMRT techniques instead of 3D-CRT and it 
is predicted that the doses to OARs and SCR by 
IMRT will be less and this would be a subject of 
a future study. 

Table 6. Excess relative risk (ERR) (per 100,000 persons-year) and p-values for comparison of cancer risk from Biological 
Effects of Ionizing Radiation (BEIR VII), Environmental Protection Agency (EPA), and International Commission on Radiological 
Protection (ICRP) models

Organ
BEIR VII vs. EPA BIER VII vs. ICRP EPA vs. ICRP

BEIR VII EPA p-value BIER VII ICRP p-value EPA ICRP p-value

Small bowel 3.77 3.77 0.99 3.77 5.11 0.01* 3.77 5.11 0.01*

Bladder 37.91 37.91 0.99 37.91 42.88 0.04* 37.91 42.88 0.04*

Femur head 5.89 – – 5.89 3.30 0.02* – 3.30 –

Ovaries 8.83 8.83 0.99 8.83 12.64 0.01* 8.83 12.64 0.00*

Uterus 1.27 1.27 0.99 1.27 6.67 0.00* 1.27 6.67 0.00*

Kidney 0.52 – – 0.52 0.30 0.01* – 0.30 –

Skin 4.20 0.01 0.00* 4.20 2.21 0.05* 0.01 2.21 0.00*

Bone 5.89 – – 5.89 3.21 0.02* – 3.21 –

*p < 0.05 means a significant difference between two models

Table 7. Excess absolute risk (EAR) (per 100,000 persons-year) and p-values for comparison of cancer risk from Biological 
Effects of Ionizing Radiation (BEIR VII), Environmental Protection Agency (EPA), and International Commission on Radiological 
Protection (ICRP) models

Organ
BEIR VII vs. EPA BIER VII vs. ICRP EPA vs. ICRP

BEIR VII EPA p-value BIER VII ICRP p-value EPA ICRP p-value

Small bowel 10.20 10.20 0.99 10.20 16.69 0.00* 10.20 16.69 0.00*

Bladder 14.81 14.81 0.99 14.81 55.27 0.02* 14.81 55.27 0.01*

Femur head 38.62 24.24  0.00* 38.62 92.20 0.00* 24.24 92.20 0.00*

Ovaries 11.10 11.10 0.99 11.10 25.49 0.02* 11.10 25.49 0.01*

Uterus 19.08 19.08 0.99 19.08 182.1 0.00* 19.08 182.1 0.00*

Kidney 3.71 0.06  0.00* 3.71 11.75 0.00* 0.06 11.75 0.04*

Skin 27.87 – – 27.87 66.15 0.00* – 66.15 –

Bone 37.43 24.35  0.00* 37.43 89.31 0.01* 24.35 89.31 0.00*

*p < 0.05 means a significant difference between two models
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Conclusion

It was observed that there is a higher SCR in or-
gans near the volume target, and the highest sec-
ondary cancer risks are related to the bladder in 
terms of ERR, and to the femur head and uterus in 
terms of EAR from BEIR VII, EPA, and ICRP mod-
els. Compared to the risk for other organs, the kid-
ney risk is significantly lower. It was observed that 
the SCR from the ICRP model was higher com-
pared to BEIR VII and EPA models. 

Conflict of interests
There is not any relationship that might lead to 
a conflict of interest.

Funding
Shahid Beheshti University of Medical Sciences has 
financially supported the work and this is stated in 
the acknowledgment section of the article.

Acknowledgments
The authors would like to thank Shahid Behesh-
ti University of Medical Sciences for the support 
which was provided to accomplish this study. 

References

1.	 Siegel R, Desantis C, Jemal A. Colorectal cancer statistics, 
2014. CA Cancer J Clin. 2014; 64(2): 104–117, doi: 10.3322/
caac.21220, indexed in Pubmed: 24639052.

Figure 4. Mean excess relative risk (ERR) and excess absolute risk (EAR) per 100,000 persons-year for three models obtained 
from Biological Effects of Ionizing Radiation (BEIR VII), Environmental Protection Agency (EPA), and International Commission 
on Radiological Protection (ICRP) risk calculation models including ERR (A); EAR (B)

Bladder

Bladder

Femur 
head

Femur 
head

Ovaries

Ovaries

Uterus

Uterus

Kidney

Kidney

Skin

Skin

Bone

Bone

A

B

ER
R 

pe
r 1

00
 0

00
 p

er
so

n-
ye

ar
ER

R 
pe

r 1
00

 0
00

 p
er

so
n-

ye
ar

Small 
bowel

Small 
bowel

BEIR VII model

EPA VII model

ICRP model

BEIR VII model

EPA VII model

ICRP model

45

40

35

30

25

20

15

10

5

0

200

180

160

140

120

100

80

60

40

20

0

http://dx.doi.org/10.3322/caac.21220
http://dx.doi.org/10.3322/caac.21220
https://www.ncbi.nlm.nih.gov/pubmed/24639052


Rowaidah Hamzah et al.  Rectal cancer-Secondary risk assessment

581https://journals.viamedica.pl/rpor

2.	 Siegel RL, Miller KD, Jemal A. Cancer statistics, 2016. CA 
Cancer J Clin. 2016; 66(1): 7–30, doi: 10.3322/caac.21332, 
indexed in Pubmed: 26742998.

3.	 Schneider U. Modeling the risk of secondary malig-
nancies after radiotherapy. Genes (Basel). 2011; 2(4): 
1033–1049, doi:  10.3390/genes2041033, indexed in 
Pubmed: 24710304.

4.	 National Comprehensive Cancer Network NCCN. 2020. 
Rectal Cancer. https://www.nccn.org/professionals/phy-
sician-gls/pdf/rectal.pdf ( 04.2021).

5.	 Hegemann NS, Schlesinger-Raab A, Ganswindt U, et al. 
Risk of second cancer following radiotherapy for prostate 
cancer: a population-based analysis. Radiat Oncol. 2017; 
12(1): 2, doi:  10.1186/s13014-016-0738-z, indexed in 
Pubmed: 28049538.

6.	 Siva S, MacManus MP, Martin RF, et al. Abscopal effects 
of radiation therapy: a clinical review for the radiobiol-
ogist. Cancer Lett. 2015; 356(1): 82–90, doi:  10.1016/j.
canlet.2013.09.018, indexed in Pubmed: 24125863.

7.	 Trott KR. Special radiobiological features of second can-
cer risk after particle radiotherapy. Phys Med. 2017; 42: 
221–227, doi:  10.1016/j.ejmp.2017.05.002, indexed in 
Pubmed: 29103987.

8.	 Grant EJ, Yamamura M, Brenner AV, et al. Solid Cancer 
Incidence among the Life Span Study of Atomic Bomb 
Survivors: 1958-2009. Radiat Res. 2017; 187(5): 513–537, 
doi: 10.1667/RR14492.1, indexed in Pubmed: 28319463.

9.	 National Research Council of the National Academies. Na-
tional Research Council of the National Academies. Health 
risks from exposure to low levels of ionizing radiation, BEIR 
VII Phase 1. Washington : Washington.

10.	 National Research Council of the National Academies. 
Health risks from exposure to low levels of ionizing radi-
ation, BEIR VII Phase 2.2006. Washington : Washington.

11.	 Preston D, Pierce D, Shimizu Y, et al. Effect of Recent 
Changes in Atomic Bomb Survivor Dosimetry on Cancer 
Mortality Risk Estimates. Radiat Res. 2004; 162(4): 377–389, 
doi: 10.1667/rr3232, indexed in Pubmed: 15447045.

12.	 Baxter NN, Tepper JE, Durham SB, et al. Increased 
risk of rectal cancer after prostate radiation: a popu-
lation-based study. Gastroenterology. 2005; 128(4): 
819–824, doi:  10.1053/j.gastro.2004.12.038, indexed in 
Pubmed: 15825064.

13.	 Donovan EM, James H, Bonora M, et al. Second can-
cer incidence risk estimates using BEIR VII models for 
standard and complex external beam radiotherapy for 
early breast cancer. Med Phys. 2012; 39(10): 5814–5824, 
doi: 10.1118/1.4748332, indexed in Pubmed: 23039620.

14.	 National Research Council. Health risks from exposure 
to low levels of ionizing radiation: BEIR VII phase 2006. , 
Washington 2006.

15.	 International Commission on Radiological Protection. 
Recommendation of the International Commission on 
radiological protection. ICRP Publication. 2007; 103(2–4): 
173–200.

16.	 U.S. Environmental Protection Agency. EPA radiogenic 
cancer risk models and projections for the U.S. population. 
EPA Report 40 2-R-11-001. 2011: 16–48.

17.	 Bhatia S, Sklar C. Second cancers in survivors of childhood 
cancer. Nat Rev Cancer. 2002; 2(2): 124–132, doi: 10.1038/
nrc722, indexed in Pubmed: 12635175.

18.	 Birgisson H, Påhlman L, Gunnarsson U, et al. Occur-
rence of second cancers in patients treated with ra-
diotherapy for rectal cancer. J Clin Oncol. 2005; 23(25): 
6126–6131, doi:  10.1200/JCO.2005.02.543, indexed in 
Pubmed: 16135478.

19.	 Zwahlen DR, Bischoff LI, Gruber G, et al. Estimation of 
second cancer risk after radiotherapy for rectal cancer: 
comparison of 3D conformal radiotherapy and volumetric 
modulated arc therapy using different high dose fraction-
ation schemes. Radiat Oncol. 2016; 11(1): 149, doi: 10.1186/
s13014-016-0723-6, indexed in Pubmed: 27832799.

20.	 Nekolla EA, Kreisheimer M, Kellerer AM, et al. Induction of ma-
lignant bone tumors in radium-224 patients: risk estimates 
based on the improved dosimetry. Radiat Res. 2000; 153(1): 
93–103, doi:  10.1667/0033-7587(2000)153[0093:iomb-
ti]2.0.co;2, indexed in Pubmed: 10630982.

21.	 Emami B, Lyman J, Brown A, et al. Tolerance of normal tis-
sue to therapeutic irradiation. Int J Radiat Oncol Biol Phys. 
1991; 21(1): 109–122, doi: 10.1016/0360-3016(91)90171-y, 
indexed in Pubmed: 2032882.

22.	 Dörr W, Herrmann T. Second primary tumors after radio-
therapy for malignancies. Treatment-related parameters. 
Strahlenther Onkol. 2002; 178(7): 357–362, doi: 10.1007/
s00066-002-0951-6, indexed in Pubmed: 12163989.

23.	 Boice JD, Day NE, Andersen A, et al. Second cancers fol-
lowing radiation treatment for cervical cancer. An interna-
tional collaboration among cancer registries. J Natl Cancer 
Inst. 1985; 74(5): 955–975, indexed in Pubmed: 3858584.

24.	 Guan Xu, Wei R, Yang R, et al. Risk and Prognosis of Sec-
ondary Bladder Cancer After Radiation Therapy for Rectal 
Cancer: A Large Population-Based Cohort Study. Front 
Oncol. 2020; 10: 586401, doi: 10.3389/fonc.2020.586401, 
indexed in Pubmed: 33569344.

25.	 Nangia C, Taylor T, Tsang W, et al. Risk of second primary 
cancers after treatment for locoregional rectal cancer. 
J Clin Oncol. 2013; 31(15_suppl): 3578–3578, doi: 10.1200/
jco.2013.31.15_suppl.3578.

26.	 Horwich A, Fossa SD, Huddart R, et al. Second cancer 
risk and mortality in men treated with radiotherapy for 
stage I seminoma. Br J Cancer. 2014; 110(1): 256–263, 
doi: 10.1038/bjc.2013.551, indexed in Pubmed: 24263066.

27.	 Amaoui B, Safini F, Hadaoui A, et al. Evaluation of second 
cancer risks in breast cancer case of Regional Center of 
Oncology, Agadir. Materials Today: Proceedings. 2022; 52: 
142–145, doi: 10.1016/j.matpr.2021.10.511.

28.	 Elgendy R, Attia W, Attalla E, et al. Influence of Distinct Ra-
diotherapy Techniques to Induce Second Cancer Risks in 
Left Breast Cancer. Int J Med Phys Clin Engin Radiat Oncol. 
2018; 07(02): 193–202, doi: 10.4236/ijmpcero.2018.72017.

http://dx.doi.org/10.3322/caac.21332
https://www.ncbi.nlm.nih.gov/pubmed/26742998
http://dx.doi.org/10.3390/genes2041033
https://www.ncbi.nlm.nih.gov/pubmed/24710304
https://www.nccn.org/professionals/physician-gls/pdf/rectal.pdf
https://www.nccn.org/professionals/physician-gls/pdf/rectal.pdf
http://dx.doi.org/10.1186/s13014-016-0738-z
https://www.ncbi.nlm.nih.gov/pubmed/28049538
http://dx.doi.org/10.1016/j.canlet.2013.09.018
http://dx.doi.org/10.1016/j.canlet.2013.09.018
https://www.ncbi.nlm.nih.gov/pubmed/24125863
http://dx.doi.org/10.1016/j.ejmp.2017.05.002
https://www.ncbi.nlm.nih.gov/pubmed/29103987
http://dx.doi.org/10.1667/RR14492.1
https://www.ncbi.nlm.nih.gov/pubmed/28319463
http://dx.doi.org/10.1667/rr3232
https://www.ncbi.nlm.nih.gov/pubmed/15447045
http://dx.doi.org/10.1053/j.gastro.2004.12.038
https://www.ncbi.nlm.nih.gov/pubmed/15825064
http://dx.doi.org/10.1118/1.4748332
https://www.ncbi.nlm.nih.gov/pubmed/23039620
http://dx.doi.org/10.1038/nrc722
http://dx.doi.org/10.1038/nrc722
https://www.ncbi.nlm.nih.gov/pubmed/12635175
http://dx.doi.org/10.1200/JCO.2005.02.543
https://www.ncbi.nlm.nih.gov/pubmed/16135478
http://dx.doi.org/10.1186/s13014-016-0723-6
http://dx.doi.org/10.1186/s13014-016-0723-6
https://www.ncbi.nlm.nih.gov/pubmed/27832799
http://dx.doi.org/10.1667/0033-7587(2000)153%5b0093:iombti%5d2.0.co;2
http://dx.doi.org/10.1667/0033-7587(2000)153%5b0093:iombti%5d2.0.co;2
https://www.ncbi.nlm.nih.gov/pubmed/10630982
http://dx.doi.org/10.1016/0360-3016(91)90171-y
https://www.ncbi.nlm.nih.gov/pubmed/2032882
http://dx.doi.org/10.1007/s00066-002-0951-6
http://dx.doi.org/10.1007/s00066-002-0951-6
https://www.ncbi.nlm.nih.gov/pubmed/12163989
https://www.ncbi.nlm.nih.gov/pubmed/3858584
http://dx.doi.org/10.3389/fonc.2020.586401
https://www.ncbi.nlm.nih.gov/pubmed/33569344
http://dx.doi.org/10.1200/jco.2013.31.15_suppl.3578
http://dx.doi.org/10.1200/jco.2013.31.15_suppl.3578
http://dx.doi.org/10.1038/bjc.2013.551
https://www.ncbi.nlm.nih.gov/pubmed/24263066
http://dx.doi.org/10.1016/j.matpr.2021.10.511
http://dx.doi.org/10.4236/ijmpcero.2018.72017

