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ABSTRACT
Aim: Secondary malignancy estimation after radiotherapy of post mastectomy patients is becoming an important 
subject for comparative treatment planning. The data from modern treatment planning systems provide accurate 
three-dimensional dose distributions for each individual patients, thereby opening up new possibilities for more 
precise estimates of secondary cancer incidence rates in the irradiated organs.

Methods: This study estimates the probability of secondary malignancy using radiobiological model for post 
mastectomy patients in a low-resource center, Nigeria. The secondary cancer complication probability (SCCP) 
was computed for linear, linear-exponent and linear-plateau models.

Results: The result shows that comparing the three models the mean SCCP for the contralateral breast ranged 
between 0.41%-0.93%; for the lung (0.34%-5.93%); while for the chest wall is between 0.65%-31.95%. Also, 
the result showed that based on the differential dose volume histogram, the SCCP in the chest wall is highest 
compared to the lung and contralateral breast; while the linear model overestimate the risk of secondary 
malignancy, the linear-exponent and the linear plateaus gave values not outrageously high.

Conclusion: The models in this study have shown that the risk of secondary malignancy in these post 
mastectomy patients is low.
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INTRODUCTION
The most common malignancy reported among women worldwide is breast cancer[1]. In Nigeria, majority 
of patients that are diagnosed with breast cancer each year are firstly treated with surgery followed by 
radiation therapy[2]. Recent technological developments in both diagnosis and treatment of breast cancer as 
well as awareness campaign of this disease have led to early detection and better treatment management. 
Subsequently, the increase in the population of long-term survivors of breast cancer patients[3].

The early breast cancer trialists’ collaborative group meta-analysis has shown an overall survival benefit 
in favour of adjuvant radiotherapy (RT) after breast cancer surgery[4]. Although, the risk for radiotherapy 
treated patients regarding the induction of secondary cancer is small, it remains a relevant consideration 
among post mastectomy patients[5]. Quite a number of population-based studies have shown the association 
between primary breast tumour irradiation and the risk of second cancer within or outside the treatment 
field[6-8].

In most cases, the treatment of breast cancers are with surgery, radiotherapy and chemotherapy, or most 
often with a blend of all the above. A significant proportion of patients diagnosed with breast cancer 
usually undergo radiotherapy[9]. Although, following radiotherapy, the cure often a times comes at a price 
of developing the risk of a second cancer among breast cancer survivors, it is however higher than that for 
the general population[6,8,10-12].

In particular, irradiation of surrounding tissues during breast RT can cause secondary malignancies 
to develop within these tissues[13]. Secondary malignancy refers to a new histologically proven primary 
cancer in a person who has survived an earlier cancer event. While the benefits of RT outweigh the risks 
of developing subsequent cancers, it is imperative to evaluate the long-term consequences of breast cancer 
therapy. Modelling secondary cancer risk is not very new, and has been applied for many cancer diseases, 
also for breast cancer patients[14,15], however developing countries with low resource RT centers are yet 
to adopt this approach. Applying this modelling approach, will go a long way to give quality assurance 
as to the nature of treatment plan patients are exposed to. The aim of this study is to estimate the risk of 
secondary cancer after radiotherapy of post mastectomy patients using radiobiological model.

METHODS
Forty-six patients treated in the Radiotherapy Unit, University of Benin Teaching Hospital, Benin city, 
Nigeria, between January 2012 and March 2014 for breast cancer after radical mastectomy were included 
in this study. All patients underwent computed tomography (CT) simulation in supine position on an 
angled board, with both arms placed above their head, which was rotated to the contralateral side (GE 
Brightspeed CT-scanner, GE Medical Systems). Patients received 50 Gy in 25 fractions for 5 weeks. The 
Elekta PrecisePlan was used for the computerised planning process. The organs at risk were the heart and 
lungs. The Elekta radiotherapy machine was used in treating the patients.

After the patients information have been annonymized the imported dose volume histograms (DVHs) 
from the computerised treatment planning system will now be used to calculate the equivalent uniform 
dose (EUD) and the secondary cancer complication probability (SCCP).

EUD
This is defined as the uniform dose that, if delivered over the same number of fractions as the non-uniform 
dose distribution of interest, yields the same radiobiological effect[16].

The phenomenological formula for the generalised EUD (i.e., normal and tumor cells) as proposed by 
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Niemierko (1997)[17] is

[18]

Where vi is fractional organ volume receiving a dose of Di and a is tissue-specific parameter that describes 
the volume effect.

SCCP
The theory of SCCP adopted for this study is based on the Schneider model[19]:

(1) 

where Inorg is the organ specific absolute cancer incidence rate for a low dose in percent per gray. These 
values represent lifetime risk, and assume a residual life expectancy of 50 years. Therefore, any effect of 
radiation-induced breast cancer associated with age was ignored in this study. Data from atomic bomb 
survivor was used to estimate the inorg for the breast and thereafter applied to whole-body irradiation. 
OEDorg is the organ equivalent dose and represents the corresponding dose in gray for an inhomogeneous 
dose distribution, which if it was distributed evenly throughout the organ, would cause similar radiation-
induced cancer incidence[19].

Three different dose-response models: linear, linear-exponential, and linear-plateau based on the 
differential DVHs was used in this study to compute the organ equivalent dose (OED)[20].

(2) 

(3) 

(4) 

The parameters α and δ are the organ specific model parameters for their respective dose-response models. 
The parameters used to calculate SCCP is given in Table 1.

Data analysis
The study employed descriptive and inferential statistics to analyse the data. Descriptive statistics used are 
mean, standard error of mean, percentage frequency distribution; while inferential statistics used include 
correlation analysis and one way analysis of variance; Scheffe post hoc was used to separate means where 
significant difference is observed in the SCCP of the different groups of mean dose and EUD. The level of 
significance was set at 0.05. The analysis was carried out using STATA version 12.

RESULTS
Using SCCP to evaluate the plans for risk of secondary cancer complication in the contralateral and chest 
walls and the paired lungs, there was observed difference between the linear, linear-exponent and linear-
plateau dose risk models for SCCP due to the fact that the linear model deviates from the other two models 
for dose larger than 5 Gy. This was very noticeable in the organs exposed with higher doses (paired lungs 
and planning target volume). This is given in Table 2.
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Table 1. Parameters used to calculate the secondary cancer complication probability

Organs α (Gy-1) δ (Gy-1) Inorg (%/Gy) Source 
Breast 0.085 0.139 0.78 [0.6-1.0] [21]

Lungs 0.085 0.150 1.68 [1.1-2.3] [22]



The relationship between DVH parameters and SCCP for the breasts, chest walls and lungs is presented 
in Table 3. It shows that the DVH parameters of the contralateral breasts did not show any significant 
relationship with the linear and linear-exponent models, while for the linear-plateau model a positive 
significant positive relationship exist between the max, min and mean doses. This shows that the max, min 
and mean doses on the DVH plan is predicative of secondary cancer. The DVH parameters of the lungs did 
not show any significant relationship with Linear-exponent SCCP; while the min, mean and EUD showed 
very strong positive relationship with the linear and linear-plateau SCCP. In the chest walls, the min and 
mean dose showed significant positive relationship with linear model SCCP, volume showed significant 
negative relationship with linear-exponent SCCP; while min and mean doses and volume showed 
significant positive and negative relationship respectively with linear-plateau model SCCP. It is interesting 
to note that in all the three organs, the minimum and mean doses are very strong positive parameters to 
be considered when planning a patient to reduce the risk of secondary cancer.

Table 4 shows the mean comparison of SCCP at different mean dose to the lung. From the table, it is 
evidence that for the linear model as the dose increases the SCCP value also increases significantly, but the 
linear-exponent model did not show any significance as increase dose did not affect the SCCP. The linear-
plateau model also showed significance in the mean comparison. The different treatment groups (mean 
dose) had significantly different SCCP and it follows an increasing order with mean dose.

Table 5 shows the mean comparison of SCCP at different EUD to the lung. From the table, it is clear that 
for the linear and linear-plateaus models showed significant differences on comparing the EUD groups; 
while the linear-exponent model did not show any significant difference (P > 0.05).
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Table 2. The secondary cancer complication probability (linear, linear-
exponent, plateau) indices for different organs

Table 3. Correlation of dose volume histogram parameters of breasts, chest 
walls and lungs with the secondary cancer complication probability

*P  < 0.05; **P  < 0.01. EUD: equivalent uniform dose

 Models Contralateral breast (%) Lung (%) Chest wall (%)
Linear 0.93 ± 0.24 5.93 ± 0.54 31.96 ± 2.08

Linear exponent 0.41 ± 0.05 0.34 ± 0.03 0.65 ± 0.06

Plateau 0.48 ± 0.07 1.81 ± 0.12 4.83 ± 0.26

Linear Linear-exponent Linear-plateau
Contralateral breast

  Max dose 0.437 0.179 0.546*

  Min dose 0.387 0.124 0.487*

  Mean dose 0.418 0.170 0.606**

  Volume -0.113 -0.293 -0.139

  EUD - - -

Lung

  Max dose 0.318 0.096 0.283

  Min dose 0.711** 0.390 0.803**

  Mean dose 0.912** -0.125 0.870**

  Volume -0.217 -0.059 -0.179

  EUD 0.759** -0.079 0.732**

Chest wall

  Max dose 0.040 0.085 0.059

  Min dose 0.936** 0.217 0.830**

  Mean dose 0.989** 0.361 0.870**

  Volume -0.373 -0.869** -0.469*

  EUD - - -



DISCUSSION
The risk of secondary malignancy in this study is 4.83% for the chest wall. This statistics is quite higher 
than the reported epidemiological result of Burt et al.[23] of approximately 3.4% of secondary malignancies 
were attributed to radiation therapy. This shows that to a great extent, radiobiological model agrees with 
epidemiological results; and can thus be incorporated into clinical evaluation of treatment plans during 
quality check by the medical physics. This statistics is lower than other studies where 6%-9% of the second 
cancers among irradiated breast cancer patients were estimated to be associated with radiotherapy[24,25]. 
This increase in the estimated risk could be as a result of initial treatment with chemotherapy[26-29]. This 
probability associated with the use of chemotherapy alone is lower than that of patients that underwent 
chemotherapy and radiotherapy[30].

The finding from this study does not corroborate the findings of Corradini et al.[31] who reported a 
secondary cancer risk to the lungs as 0.65% and 2.49% using the linear exponent model at 50 years and 70 
years respectively for free breathing technique; while 0.63% and 2.42% was reported for the plateau model 
at 50 years and 70 years respectively. These values are however lower than the reported values in this study, 
but may be smaller if the deep-inspiration breath-hold radiotherapy technique is employed. Although no 
study has ascertained any significant difference in the risk of secondary cancer to the lungs using this 
technique, they however reported higher values of secondary cancer risk as well as radiation induced 
lung cancer[32-36]. In a meta-analysis, including over 700,000 women treated for early breast cancer, it was 
demonstrated that radiation therapy is significantly associated with an excess risk of second cancers in 
organs with fairly close proximity to the former treatment fields[37].

The average SCCP values for the lungs is 0.34% ± 0.03% using the linear-exponential model. In a previous study, 
average SCCP values using the linear-exponential model gave a prediction of 5.3% ± 0.1% for post mastectomy 
radiation therapy (PMRT)[38]; which is higher that the computed value in this study. It is however close to the 
value of 5.93% ± 0.54% obtained using the linear model. It is worthy of note here that the results from SCCP 
estimations are indicative of lifetime risk, with a mean residual lifetime of 50 years. It has been reported 
that smoking during radiation therapy or earlier caused an increase of the 15 years risk of developing a 
lung cancer after radiation therapy and breast conserving surgery by 4.7% and 6%, respectively when it was 
compared to 0.26% among non-smokers[39]. Apart from the inherent increased risk in cancer survivors due 
to lifestyle, chemotherapy and radiation therapy are both known to further boost the risk of second solid 
cancers[20].

The risk of developing cancer on the contralateral breast cancer after radiotherapy appears to be common 
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Table 4. Mean comparison of the secondary cancer complication probability at 
different mean doses to the lung

Table 5. Mean comparison of the secondary cancer complication probability at 
different equivalent uniform dose to the lung

Means with different superscripts are statistically significant at P  < 0.05

Means with different superscripts are statistically significant at P  < 0.05

  < 5 Gy 5-10 Gy Above 10 Gy P
Linear 3.01 ± 0.91 5.87 ± 0.31 9.78 ± 0.60 0.000
Linear-exponent 0.39 ± 0.10 0.32 ± 0.02 0.32 ± 0.02 0.558
Linear-plateau 1.13 ± 0.28 1.86 ± 0.05 2.49 ± 0.12 0.000

  < 5 Gy 5-10 Gy Above 10 Gy P
Linear 4.13 ± 1.00 5.92 ± 0.35 10.16 ± 0.65 0.000

Linear-exponent 0.33 ± 0.05 0.35 ± 0.04 0.30 ± 0.02 0.851

Linear-plateau 1.45 ± 0.24 1.83 ± 0.09 2.59 ± 0.11 0.004



among women who are in their premenopausal age (younger than age 40 to 45 years) when exposed to 
radiation therapy, however higher risk is observed for PMRT patients[40]. The mean age of patients in 
this study is 57.8 ± 8.7 years (46-83 years). The mean SCCP of the patients in this study using the linear 
exponential dose-risk model was 0.41% ± 0.05%. This value is lower than the average SCCP value of 1.0% for 
volumetric modulated arc therapy reported by Nichols et al.[38] using the linear-exponential dose-response 
model. The result of this study is very important for younger patients (below 50 years) who are at greater risk 
for radiogenic second malignancies. Hernandez et al.[41] reported that no excess breast cancer risk has been 
found among women irradiated at age 40 years or older, while Boice et al.[42] showed that after the age of 45 
years radiation exposure with mean radiation dose of 2.51 Gy entails very little, if any at all or no risk (relative 
risk, 1.01) of radiation-induced breast cancer for a female population with an average age of 51.7 years.

As much as several studies have reported second cancers attributed to the treatment of the primary, were 
identified in several anatomical sites[40-42], several others have not shown any appreciable risk in developing 
second primary cancer after breast radiotherapy, outside the treatment field[43,44].

There was significant increase in the risk of secondary malignancy as dose to the different organs 
increases. This agrees with the finding of Deutch et al.[45] who reported that higher dose of radiotherapy 
to lung in breast cancer patients was associated with increased incidence of subsequent radiation induced 
malignancies in both ipsilateral and contralateral lungs.
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