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Abstract  

 

Background 

Survivors of childhood, adolescent and young adulthood (CAYA) malignancies have an 

increased risk of subsequent primary malignancies, particularly after exposure to 

therapeutic radiation. The Peter MacCallum Cancer Centre Late Effects (PMCC LE) 

service provides individualize, multidisciplinary care and surveillance advice for 

survivors of malignancies, especially CAYA malignancies.   

 

Methods 

A retrospective review was performed of patients exposed to therapeutic radiation 

attending the PMCC LE service from 1st January 2000 to 20th February 2013. All 

invasive malignancies, in-situ malignancies, benign tumours and deaths were evaluated. 

Separate time-to-event analyses was performed for radiation-associated breast, thyroid 

and solid malignancies in patients exposed to chest, thyroid and any therapeutic 

radiation respectively, measured from the date of first attendance to the PMCC LE 

service and stratified by the interval from completion of radiation to the first attendance. 

The incidence of breast and thyroid malignancies was compared to the Australian 

general population. Compliance with breast and thyroid surveillance recommendations 

was determined by assessing the number of screen events over the period of attendance 

to the service. Clinicopathological features and management of radiation-associated 

breast and thyroid and other solid malignancies was examined. Ultrasound and 

cytological workup of radiation exposed thyroid nodules was assessed. 
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Results 

After excluding 187 patients, 534 included patients developed 194 invasive 

malignancies; 147 were radiation-associated and 47 non-radiation associated. The most 

common malignancies were non-melanoma skin (37.1%), thyroid (17.0%) and breast 

(12.9%) malignancies. Patients whose first attendance was ≥15+ years after radiation 

exposure experienced the highest incidence of radiation-associated breast, thyroid and 

solid malignancies, with 23%, 8% and 27% affected after 10 years of subsequent 

follow-up respectively. The incidence of breast and thyroid malignancy was elevated 

11.2 and 57.6 times respectively compared to the Australian general population (both 

p<0.001). Compliance with breast surveillance using mammography or any screening 

modality was observed in 18.4% and 28.6% of women at risk respectively. Twenty-

eight radiation-associated breast malignancies occurred in 24 women (16.7% 

bilaterality). Breast malignancies diagnosed after the first attendance to the PMCC LE 

service were more likely screen-detected (p=0.002). Most were hormone receptor 

positive (87.5%), invasive ductal carcinomas (82.1%) managed with mastectomy 

(89.3%). Compliance with thyroid surveillance was observed in 76.9% of patients at 

risk. Ultrasound features of microcalcification and increased internal vascularity had a 

low sensitivity (62.5%) for predicting a malignant nodule, which improved when used 

in conjunction with a Bethesda IV-VI result (91.7%), although cytological assessment 

was not performed in 45.6% of operative cases. Thirty-three patients had a radiation-

associated thyroid malignancy; 45.4% (n=15) were incidental. The majority were 

papillary thyroid cancers (88.9%); of which 12.5% were node positive and 34.4% were 

multifocal. Node positive thyroid cancers were more likely to present symptomatically 

(p=0.03). There were 36 deaths in the cohort (6.7%), most commonly attributable to 
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radiation-associated malignancies (41.9%), especially brain, breast and sarcomatous 

malignancies.  

  

Conclusions 

Patients attending the PMCC LE service have a high burden of subsequent malignancies 

that typically occur after a long latency. Ongoing long-term surveillance is essential and 

judicious management with adherence to guidelines is advocated in this unique 

population of patients.  
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Chapter 1 Background 

 

The past four decades have seen a dramatic improvement in survival from childhood, 

adolescent and young adulthood (CAYA) cancers, with 5-year survival rates of around 

80%1. Consequent to this success has come recognition of survivorship issues, including 

the risk of second malignant neoplasms (SMN), cancers that arise subsequent to the 

primary malignancy and often related to prior genotoxic therapy, including radiation 

therapy and some chemotherapeutic agents. The 30-year cumulative incidence of SMN 

in CAYA malignancy survivors is 8%2. In the UK it is estimated that 0.45% of new 

cancers are related to previous therapeutic radiation3. There are three large population 

based cohort studies, namely the Childhood Cancer Survivor Study (CCSS) (North 

America, n=14359)2, British Childhood Cancer Survivor Study (BCCSS) (Great Britain, 

n=17981)4 and the Cancer registry of five Nordic countries (n=47697)5 that were 

established to better understand the late effects and other outcomes in this unique 

population.  

 

Compared to the general population, all three cohorts report an increased incidence of 

SMN, with standardized incidence radio (SIR) – the ratio of observed to expected cases 

- ranging from 3.3 to 6.0 (excluding non-melanoma skin cancers (NMSC) and non-

malignant meningiomas)4-6. Radiation therapy significantly increases the risk of SMN 

overall by 2.0-2.7 times2,4. In the CCSS cohort, the most common SMN were NMSC, 

breast cancer and thyroid cancer, with 30-year cumulative incidence of 9.1%, 5.0% and 

1.4% respectively6. Compared to the general population, the risk of breast cancer and 

thyroid cancer is elevated 2.4-9.8 and 5.4-18.0 times respectively4-7; the highest SIR is 
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observed for sarcomas and brain cancers (up to 30.5 and 87.8 respectively) due to its 

rarity in the general population2,4,5.  

 

SMN’s typically have a long latency (median 17.8 years, range 5.0-35.2 years) with a 

variation between different types of SMN, the longest median latency is reported for 

malignant meningioma (22.9 years) and bowel cancer (23.1 years)6. CAYA malignancy 

survivors continue to have an elevated risk of developing SMN even after age 40 (SIR 

2.2-2.5)4,5,8, although the magnitude decreases as cancers become more common in the 

general population (SIR 1.7 aged 50-59 and SIR 1.5 aged 60-69)4,5. Furthermore, 

compared to the general population, the risk of death from subsequent cancers is 

elevated 15.2 times, with radiation therapy being a significant risk factor (RR 2.9, 

confidence interval (CI) 2.1-4.2%)9. Deaths from SMN are most commonly attributable 

to sarcomas and cancers of the neurological and haematological systems9. Beyond 20 

years from primary diagnosis, the mortality rate from SMN continues to grow and 

surpasses a declining mortality rate from primary disease progression and recurrence to 

become the leading cause of death in CAYA malignancy survivors9. Importantly, this 

highlights the health impact of SMN and the need for ongoing lifelong follow-up.  
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Late effect breast cancers 

 

Therapeutic chest irradiation is an established risk factor for breast cancer. It has been 

extensively reported in survivors of CAYA malignancies, especially Hodgkin 

lymphoma (HL), where historically, treatment for early stage HL typically involved 

treatment to an extended field with high dose radiation ≥40 Gray (Gy). A mantle field 

was commonly used, which covered the mediastinum, bilateral axilla and neck (Figure 

1)10. Transition to combined-modality therapy with chemotherapy and advances in 

radiation therapy has allowed substantial reductions in radiation field and dose. At 

present, involved field radiotherapy based on diseased nodal regions11 is being replaced 

by targeted therapy to detectable involved node or involved site at lower doses (20-

30Gy)12. Nonetheless, there are many survivors successfully treated with radiation 

therapies from the past who remain at risk of radiation-associated second primary 

cancer of the breast (SCB).  

 

 

Figure 1: Mantle field 
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SCB are the most common solid cancer in female survivors of childhood HL13-16 and the 

second most common subsequent cancer in survivors of CAYA malignancy2.  Ibrahim 

et al. published the only meta-analysis of SCB in HL survivors. Thirty-four studies were 

included, involving 957 cases of SCB in 25,305 female HL survivors with a median 

follow-up of 14.5 years from diagnosis of HL. The median ages at HL diagnosis, SCB 

diagnosis and interval from HL to SCB were 23.7, 35.0 and 17.7 years respectively. The 

pooled overall relative risk (RR) of SCB compared to the general population was 8.23 

(95% CI, 5.43-12.47)17. The risk of breast cancer by age 50 was comparable to Breast 

Cancer susceptibility gene 1 (BRCA1) mutation carriers; namely 35% and 31% in HL 

survivors and BRCA1 carriers respectively18.  

 

There are recognized risk-modifying factors for SCB.  

 

o Age at irradiation13. Women exposed to chest radiation aged ≤15 have the 

highest RR (68.7) of SCB which then falls with increasing age to the level of the 

background population after age 4017. The risk is particularly elevated for 

women treated around puberty (10-16 years), possibly reflecting the tumorigenic 

effect of radiation on the proliferating breast14,15,19-21.  

o Duration since irradiation. Assessed in 5-year intervals, the RR starts to 

increase 5-9 years post treatment and peaks at 15-19 years (RR 13.87) then 

declines, though remains elevated even after >30 years17. In assessment of 

cumulative absolute risk, the majority of risk is incurred in the latter years19,22. 

For women aged <20 receiving >40Gy mantle irradiation without alkylating 

chemotherapy or pelvic radiotherapy, the cumulative risk of SCB at 10, 20, 30 

and 40 years is 0.4%, 7.6%, 28.3% and 47.9% respectively19. 
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o Radiation dose. There is a linear relationship between SCB risk and radiation 

dose, existing even at high doses (40-60Gy)1,23-25. Women receiving >37Gy 

have about 4.5 times the risk of SCB compared to those receiving <4Gy23,25.   

o Radiation field. A larger field, such as extended field mantle radiation has 

around 2 to 3 times the risk of SCB compared to smaller mediastinal involved 

field radiation at the same dose18,26,27. Furthermore, a lower dose (median 14Gy) 

to a larger field such as whole lung for metastatic Ewing’s sarcoma has a SCB 

risk similar to a higher dose (median 40Gy) to a relatively smaller mantle field18. 

o Early menopause significantly reduces SCB risk21,23,27. Compared to women 

who remain pre-menopausal at age 40, women who reach menopause before age 

30 and between 30-39 have a SCB RR of 0.2 and 0.3 respectively23. Premature 

menopause can be brought on by gonadotoxic chemotherapy, in particular 

alkylating agents or pelvic (ovarian) irradiation. Increasing cycles of alkylating 

agent correlates with the development of menopause and a decrease in SCB 

risk19,23,25. Pelvic irradiation ≥5Gy induces premature menopause in >90% of 

women and reduces SCB risk with near significance, with RR ranging from 

0.13-0.4, p=0.0618,20,23-25,27.  

 

The effect of other factors such as splenectomy14,23,28-32 and the presence of a 

mediastinal mass28,31 are not well understood with inconsistent results reported.  

 

Genetic predisposition to SCB has been reported, with the risk of breast cancer 

increased 2.5-2.7 times in CAYA cancer survivors with a family history of breast or 

ovarian cancer33,34. DNA analysis for breast cancer predisposing genes have found the 

FGFR2 genotype to be significantly more prevalent in women with SCB compared to 
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unaffected HL survivors35. Although individuals with ataxia-telangiectasia (AT) are 

hypersensitive to ionizing radiation and have an increased risk of cancer, no association 

between an AT gene mutation and SCB has been reported36-38. 

 

Mammographic screening is generally recommended from age 40 to 50 for women at 

average risk of breast cancer39,40. However, standard screening is not appropriate for 

women at risk of SCB, where the median age of onset is 35 years old. The age at which 

to commence mammographic screening in high-risk populations is not clear. There are 

differing views due to concerns about additional radiation risk and reduced sensitivity in 

young mammographically dense breasts. The European Society of Breast Cancer 

Specialists recommends against screening mammography below age 35, including 

women with prior mantle irradiation41. This is based on the predicted excess breast 

cancer risk from radiation balanced against a 15-25% mortality reduction from 

screening mammography as applied to BRCA mutation carriers42.  

 

Consensus guidelines recommend the early initiation of breast screening in women 

exposed to chest irradiation despite a paucity of studies that examine the benefits and 

risks of early screening43. The International Late Effects of Childhood Cancer Guideline 

Harmonization Group (IGHG) represents an international collaboration to harmonize 

varying surveillance recommendations for women at risk of SCB41,44-47. Annual 

mammography and MRI is recommended for women treated with ≥20Gy chest 

irradiation before age 30, beginning 8 years after radiation or age 25 (whichever occurs 

later) until at least age 5047. Women who have received lower doses of chest irradiation 

(1-19Gy) have a lower risk of SCB and should be screened based on clinical judgement 

and additional risk factors47.  
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Prospective studies of HL survivors with prior irradiation report that most SCB (73-

100%) are visible on mammography and usually present as an irregular mass (56.8%) or 

microcalcifications (25.0%)48-52, with the breast being at least moderately dense in 52-

79%49,50. However, despite annual screening, a substantial proportion (42-58%) of 

cancers present as clinically palpable interval cancers48,50. Nonetheless, despite the 

limitations of screening mammography, a stage shift towards detection of earlier stage 

disease has been reported53,54. A matched cohort study comparing SCB in HL survivors 

to sporadic primary breast cancer (PBC) found that SCB were more likely to be screen 

detected (40% versus 33%) and present at an earlier stage55.  

 

There are four studies (one prospective and three retrospective) that have assessed 

breast magnetic resonance imaging (MRI) versus mammography in women with 

previous chest irradiation56,57-59. The sensitivity of mammography, MRI and both 

modalities combined are 67-70%, 67-92% and 94-100% respectively. Malignancies 

seen only on mammography were associated with suspicious microcalcifications, with 

the majority representing ductal carcinoma in situ (DCIS)56,57. Ng et al.’s prospective 

study identified 18 malignancies in 148 HL survivors screened with annual breast MRI 

and digital mammography over a 3-year period. Except for a case of phyllodes tumour, 

all malignancies were pre-invasive or early stage breast cancer. The only false negative 

result for both modalities was a <1mm focus of DCIS in a contralateral prophylactic 

mastectomy. This incidental finding would be beyond the resolution of breast MRI. 

Significantly, there were no interval cancers and the detection rate remained at about 

5% each year57. More recently, women with prior chest irradiation were found to have a 

significantly greater background parenchymal enhancement on breast MRI; this may 
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account for its lower sensitivity compared to other high-risk populations (67-92% 

versus 93-100%)60. Together, these findings support the use of regular intensive 

screening with mammography and breast MRI in women at risk of SCB.  

 

Given that early screening guidelines for women exposed to chest radiation have 

already been established, it is unlikely that there will be a prospective trial to assess the 

benefits of early screening in this population. The only evidence that early screening 

improves survival in this population comes from mathematical modeling61. The absolute 

risk of breast cancer mortality by age 75 for a HL survivor treated with chest radiation 

at age 15 is predicted to reduce from 16.65% with annual screening from age 40 (as 

recommended by the American Cancer Society for average risk women) to 16.28% with 

annual mammography from age 25 (option 1) to 15.4% with early MRI from age 25 

(option 2) and 15.38% with annual MRI and mammography from age 25 (option 3). 

However, the corresponding additional false positive biopsies due to early screening is 

expected to increase from 29.98 to 71.71 and 99.52 per 1000 screens with options 1, 2 

and 3 respectively. Furthermore, despite early screening, approximately 20-40% of 

malignancies are still predicted to present clinically. Although this study endorses early 

screening MRI and demonstrated only a small benefit with additional early 

mammography, the model did not include DCIS, which can sometimes present as 

microcalcifications and not detectable on MRI57.      

 

Retrospective identification and recall of women treated with chest irradiation can be 

difficult, with reported recruitment rates ranging from 32-81%48-50,52,53,62. Furthermore, 

screening compliance is scarcely reported; a prospective surveillance study reported 

85% compliance with annual mammography although the interval “annual” was not 
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clearly defined48.  Rates of screening outside a formal program are poor, with only 55% 

of women with prior chest irradiation having had a mammogram in the previous 2 years 

and 47.3% of those younger than 40 have never had a mammogram63,64. Importantly, 

women recommended by their clinician to undergo surveillance are three times as likely 

to have a mammogram, sometimes despite a negative perception of mammography64.  

  

SCB have a higher rate of bilaterality compared to PBC (6-34% versus 0.3-3%), of 

which up to 50% present synchronously20,28,31,34,54,55,65-70. The rate of a contralateral 

metachronous breast cancer has been reported at 1.36–3.2% per year54,66,71 and 18% at 5 

years55, which is higher than reported in sporadic breast cancers (6% at 5 years)55. SCB 

are more frequently found in the upper outer quadrant of the breast (38-

66.9%)24,28,51,54,55,65-68,71,72 and within or at the margin of the radiation field (75-

85%)54,67,73. 

 

The pathology of SCB is typically invasive ductal carcinoma (67-94%) and DCIS (4-

28%) in a variable proportion24,28,34,52,65-75. Compared to PBC, SCB are more commonly 

oestrogen receptor (ER) negative (27-49% versus 12-25%), triple negative (39% versus 

14%) and high-grade (35% versus 22%)70,76. Stratified by time since HL, Dores et al. 

reported a greater increase in the risk of ER negative high-grade cancers, suggesting 

radiation contributes to the development of cancers with a poorer prognosis72. However, 

other matched cohort studies have not found a significant difference in ER status, grade 

or rate of lymphovascular invasion compared to PBC55,68,71. When reported, human 

epidermal growth factor receptor-2 (HER-2) was amplified in up to 13.7% of SCB with 

no significant difference compared to PBC48,55,65,69,70,75.  
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Studies suggest that SCB may have a more aggressive phenotype and differ in their 

pathogenesis from the usual type of breast cancer. On gene expression profile, SCB 

clustered separately from the control group of similar age women without prior 

radiotherapy or strong family history and correlated most commonly with the basal 

subtype (27%)77; proliferation marker Ki-67 was also expressed at a significantly higher 

level77,78. Increased microsatellite alteration and a higher prevalence of chromosomal 

instability, nuclear polymorphism, topoisomerase II alpha expression and amplification 

of the HER2 containing (17q12) region has also been reported77,79-81.  

 

Despite this, no significant difference in breast cancer event-free survival and breast 

cancer-specific mortality has been demonstrated between SCB in women following HL 

and PBC55. However, there is a significantly worse overall survival in women with prior 

HL that is mainly attributable to competing conditions such as cardiac disease and non-

breast cancers55,76.  

 

Surgical management of SCB usually necessitates mastectomy due to concerns that a 

previously irradiated breast is unable to tolerate further radiotherapy after breast 

conservation surgery. Most women with SCB are managed by mastectomy (56-

100%)28,52,55,65,66,68,69,71,75,76 and overall use of radiotherapy is significantly less (8-46%) 

compared to PBC55,65,69,71,75. Re-irradiation may cause a variety of problems including 

radionecrosis, which may take many years to present54. A limited number of women 

have undergone re-irradiation, some using alternative techniques such as intraoperative 

radiotherapy with electrons and three-dimensional conformal partial-breast irradiation, 

usually many years after the previous treatment without significant issues65,69,82-85.  
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If breast reconstruction is desired, autologous tissue is generally recommended for 

women with prior chest wall irradiation in order to bring healthy, well-vascularized 

tissue into the mastectomy defect. Additional considerations in this population include 

donor and recipient site vascular issues secondary to radiation, prior surgery limiting 

donor options and a higher rate of bilaterality, which may influence the decision to use 

autologous tissue for unilateral reconstructions54,86. Nonetheless, proponents of implant-

based reconstruction suggest that it may be an option in carefully selected patients with 

minimal visible radiation change87-89. A favourable result may be attributable to tissue 

recovery during the long interval between radiation and reconstruction and potentially 

less breast damage from shielding with mantle irradiation88.  

 

There is limited information on secondary prevention of SCB. Endocrine prevention 

with tamoxifen reduces ER positive breast cancer incidence by 48% in populations at 

increased risk of breast cancer90. However, it has no effect on ER negative cancers, 

which maybe more prevalent in SCB70,90. A feasibility study to assess the role of 

tamoxifen in HL survivors treated with chest irradiation found that 86% of eligible 

participants declined and 31% of those who commenced tamoxifen failed to complete a 

one year course; nearly half due to side-effects91. Currently, there is no information 

addressing prophylactic surgery in women with prior chest irradiation and its role is 

undefined. 
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Late effect thyroid cancers 

 

 

The young thyroid gland is very sensitive to radiation. Up to 40-67%% of patients 

exposed to thyroid irradiation will develop a thyroid disorder, most commonly 

hypothyroidism, but also nodules and cancer92,93. Compared to the general population, 

the incidence of thyroid cancer in CAYA malignancy survivors is increased 14.0-18.0 

times (CI 11.7-23.8)6,7. However, the cumulative incidence is low overall, variably 

reported as 0.5% by age 457 with a 30-year cumulative incidence of 1.3% in women and 

0.6% in men94. Treatment with radiation significantly increases thyroid cancer risk (RR 

4.6-5.5, p<0.01)7,95 with those exposed to 10-40Gy thyroid irradiation reporting a 20-

year cumulative incidence of 2.2%94. Most thyroid cancers (88-95%) occur within or 

adjacent to the radiation field7,96.  

 

Recognized risk-modifying factors for thyroid cancer include radiation dose, sex, age at 

radiation exposure, attained age and chemotherapy use. 

 

o Radiation dose. Thyroid cancer is the only solid cancer to observe a downturn in 

risk with increasing radiation dose that is thought to be due to cell killing. The 

relationship best fits a linear-exponential quadratic model, in contrast to all other 

solid cancers that follow a linear model97. A recent pooled analysis confirmed a 

linear increase in thyroid cancer risk up to about 10Gy (RR 13.7, CI 8.0-24.0), 

after which the risk plateaued, with a fitted maximum RR of 14.9 at 15.9Gy. 

Risk declined after 30Gy, although remaining elevated at doses ≥40Gy (RR 

5.1)95. This unique feature may have implications for patients treated with more 
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recent low-dose radiation regimes, where the risk of subsequent thyroid cancer 

may remain stable or even increase compared to older high-dose regimes98. 

 

o Sex. Women have a higher risk of radiation-associated thyroid cancer than men 

(RR 2.2, CI 1.6-3.1)95. However, the risk compared to the general population is 

significantly higher for men than women (SIR 25.0 and 11.5 respectively), 

reflecting the lower background incidence of thyroid cancer in men6.  

 

o Age at radiation. Thyroid cancer relative risk significantly decreases with 

increasing age at thyroid irradiation (p<0.01)95. Thyroid radiation when aged 

≥15 has less than one third the risk of thyroid cancer compared to radiation when 

younger than 1 (RR 0.3)95, although the risk of radiation at age ≥15 is still 

significantly higher than for the general population (SIR 7.4, CI 4.7-11.5)6.  

 

o Attained age and time since primary cancer. The relative risk of thyroid cancer 

increases with increasing attained age (p<0.01). The risk of thyroid cancer when 

aged ≥35 is nine times that of those aged <2095. Compared to the general 

population, the risk of thyroid cancer in the CCSS cohort is significantly 

elevated throughout the follow-up intervals assessed since the primary cancer (5 

to ≥25 years), although there is a slight peak at 15-19 years (SIR 12.6-16.6)6. 

Beyond the follow-up interval assessed by the CCSS, a recent pooled analysis of 

12 studies that included both environmental and therapeutic exposure to thyroid 

irradiation did not find an excess thyroid cancer risk in the first five years after 

exposure; the increased thyroid cancer risk started to decline after 30 years 

although remain elevated after more than 50 years99. 
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o Chemotherapy use. Multiple studies have demonstrated that overall, 

chemotherapy use does not significantly increase thyroid cancer risk (RR 1.4-

1.6, p=0.06-0.09)94,95. However, a subgroup analysis found that for those 

exposed to <20Gy thyroid radiation, chemotherapy increases the risk of thyroid 

cancer 4 times (RR 4.0, p=0.006). The risk is mostly attributable to alkylating 

agents and anthracycline, demonstrating a significant association with alkylating 

agent dose (p=0.009). For patients receiving >20Gy thyroid irradiation, thyroid 

cancer risk is not significantly influenced by chemotherapy use, probably due to 

any effect being mitigated by radiation induced cell killing.  

 

Thyroid nodules are common in the general population. Nodule prevalence depends on 

the screening modality and the population screened. In non-endemic goitre populations, 

nodule prevalence ranges from 0.5 to 5.1% with palpation100 to 19-68% on 

ultrasound100-104 and around 50% on autopsy in those without a history of thyroid 

disease105. Reported incidence of thyroid nodules in cohorts exposed to radiation vary 

widely, ranging from 2.3% to 87% depending on factors such as screening method (ie. 

palpation versus ultrasound) and duration of follow-up93,106-112. However, it is difficult 

to directly compare the nodule incidence in cohorts exposed to radiation reported in 

studies conducted in the 1980’s and 90’s to the nodule incidence reported in the general 

population, with some using modern high frequency ultrasound which is more sensitive 

at detecting nodules101. Nonetheless, despite a likely surveillance bias, a CCSS 

questionnaire of HL survivors found that the risk of thyroid nodules is 27.0 times that of 

sibling controls (CI 13.6-63.9, p<0.0001). The risk of having a nodule is significantly 

increased with longer interval since HL (RR 4.8 if ≥10 years from HL), female sex (RR 

4.0) and radiation dose (RR 2.9 if ≥25Gy)113. Twenty years from HL diagnosis, 20% of 
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female survivors had thyroid nodules113. Other studies have found an association 

between nodule incidence and younger age at radiation (p<0.02) and longer duration of 

elevated thyroid stimulating hormone (p<0.09)111.  

 

Nodules in the context of radiation are more likely to be malignant. Without a history of 

irradiation, 5% of nodules are malignant114. However, historical series of children 

irradiated for benign and malignant conditions report a nodule malignancy rate of 15.0-

27.0% and operative malignancy rate of 30.0-46.7%107,111,115,116. Mathematical modeling 

of thyroid cancer risk based on several large cohorts of CAYA malignancy survivors 

found that the presence of thyroid nodules is the strongest risk factor for thyroid cancer 

(RR 6.8-10.8)117. (Prediction tool for absolute risk of thyroid cancer following 

childhood cancer available at http://dceg.cancer.gov/tools/riskassessment)118. 

 

However, despite the frequency of thyroid irradiation, there is no consensus regarding 

the optimal approach to surveillance of the thyroid gland in this setting. The Children’s 

Oncology Group (COG) and UK Children’s Cancer Study Group recommend annual 

thyroid clinical examination for CAYA malignancy survivors exposed to thyroid 

irradiation. Ultrasound and fine need aspiration cytology (FNAC) is recommended only 

in cases with palpable nodules44,46. In contrast, the American Association of Clinical 

Endocrinologists, Associazione Medici Endocrinologi and European Thyroid 

Association recommend routine surveillance ultrasound of the thyroid even with a 

normal clinical examination and FNAC for nodules of any size119. In the setting of 

thyroid irradiation the American Thyroid Association (ATA) recommends a lower size 

threshold for FNAC due to the higher pre-test probability of malignancy; the normal 

http://dceg.cancer.gov/tools/riskassessment
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size threshold for FNAC is ≥10mm, ≥15mm and ≥20mm for nodules with 

high/intermediate, low and very low suspicion pattern on ultrasound respectively120.  

 

There are benefits and disadvantages of each surveillance approach (ie. clinical 

examination alone or in combination with surveillance ultrasound). Clinical 

examination is relatively quick and easy to perform. However, it is very insensitive at 

detecting thyroid nodules compared to ultrasound, with 54.4% of nodules >1.5cm 

missed on clinical examination112. Furthermore, a meta-analysis found that increasing 

nodule size, which intuitively should make a nodule more readily palpable, is a poor 

discriminator for malignancy across different size criteria (>10mm, >30mm, 

>40mm)121. In comparison, thyroid ultrasound is a very sensitive tool for detecting 

thyroid nodules. However, individual ultrasound features are not accurate at predicting 

malignancy121 and may lead to patient anxiety and further procedures such as FNAC 

and surgery.  

 

Nonetheless, there are persistent reports advocating surveillance thyroid ultrasound in 

CAYA malignancy survivors exposed to thyroid irradiation122-126. In these series, the 

reported prevalence of thyroid nodules and thyroid malignancy is 27.6-59.0% and 6.4-

11.1% respectively, with no reported recurrences or thyroid cancer deaths. Brignadello 

et al. reported on the utility of ultrasound surveillance in 197 patients exposed to thyroid 

radiation attending a late effects (LE) service. Thyroid nodules were detected in 37.5% 

of the patients, of which 47% were subjected to FNAC and categorized according to the 

Italian Consensus Working Group classification, which is a five tier system from TIR 1-

5 (for “tiroide”, Italian for thyroid)122,127. A result of TIR 3 (inconclusive /  

indeterminant follicular proliferation) was found in 25.7% of nodules and TIR 4/5 
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(suspicious  / diagnostic for malignancy) in 31.4%. Thyroid cancer prevalence was 

7.1% (n=14), all of which had a TIR 3, 4 or 5 cytology result. The positive predictive 

value for malignancy of a TIR 3 and TIR 4/5 result was 33.3% and 100% respectively. 

Importantly, the pathology of the thyroid cancers were T3 in 42.9% and node positive in 

42.9%, advocating that malignancies detected by ultrasound surveillance are clinically 

relevant122. 

  

Ultimately, the goal of cancer screening is to reduce mortality and improve quality of 

life128. However, this objective is difficult to achieve in the case of thyroid cancer. Most 

sporadic and radiation-associated thyroid cancers are differentiated thyroid cancers 

(DTC) with a very good prognosis even when it presents at a more advanced stage129. 

Nonetheless, a comparison of screen and non-screen detected thyroid cancers in a 

cohort treated with radiation in childhood for benign conditions found that screen-

detected cancers were smaller (9.3 versus 18.9mm) and less likely to be locally 

invasive, node positive (24.3% versus 55%) and recur (P=0.0005)130. In working 

towards establishing an evidence-based guideline for thyroid screening in CAYA 

malignancy survivors, a multidisciplinary working group has convened and reviewed 

the evidence from a systematic review of DTC. Extrapolating evidence from sporadic to 

radiation-associated thyroid cancer, the group concluded that detection of DTC at an 

earlier stage is associated with lower recurrence and mortality rates in children and 

adults131.   

 

However, increasing use of diagnostic imaging in the general population has almost 

certainly contributed to the epidemic of mostly small incidental papillary thyroid 

cancers worldwide132. A meta-analysis found such cancers have an excellent prognosis, 
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with very low rates of local recurrence (2.4%), distant metastases (0.27%) and cancer 

related deaths (0.34%)133. Furthermore, recent studies have suggested that active 

surveillance maybe safe in patients with micropapillary carcinoma, particularly older 

patients (>60yo) in whom the rate of progression is lowest132,134. However, this strategy 

has not been investigated in populations exposed to radiation for childhood 

malignancies; who may have more aggressive pathological features and potentially a 

long residual lifetime.  

 

Akin to sporadic thyroid cancer, papillary thyroid cancer (PTC) is the most common 

histological type of radiation-associated thyroid cancer, constituting 62.0-100% of 

cases6,95,96,113,122-125,135 with 41.6-78.6% being classic variant122,135,136. Clement et al.’s 

systematic review found that sporadic and radiation-associated DTC have similar 

clinical features in terms of lymph node and distant metastases, multifocality and 

extrathyroid extension (ETE).  Rates of recurrence and mortality are also similar131. 

However, individual studies report wide variations in the incidence of multifocality (29-

63%), ETE (26-37.5%) and lymph node metastasis (25-62.5%)122,135,136. Some studies 

have found that features of aggressiveness such as the presence of lymph node 

metastasis, ETE, locally advanced (pT3) stage and distant metastasis to be more 

common in radiation-associated thyroid cancers135,136. However, when matched for 

stage, there was no difference in local recurrence between radiation-associated and non-

radiation-associated thyroid cancers136.  

 

Perhaps illustrative of the other competing causes of death in CAYA malignancy 

survivors, Goldfarb et al. reviewed the American College of Surgeons’ database and 

reported a remarkable 6.63 times risk of death (CI 4.97-8.86, P<0.001) in CAYA 
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malignancy survivors with thyroid cancer compared to patients with sporadic primary 

thyroid cancer that was independent of demographic, cancer or treatment parameters137. 

However, the cause of death was not specified. When these results are viewed against 

those from the CCSS cohort, where the overall risk of death is 8.4 times that of the 

general population and thyroid cancer is not specifically listed as a common cause of 

death, it is plausible that Goldfarb et al.’s finding is demonstrative of other more 

common competing causes of death CAYA malignancy survivors such as recurrent 

primary disease and late effect conditions such as SMN and other medical conditions9. 

 

There is great interest in identifying a genetic signature for radiation-associated thyroid 

cancers. Most studies have assessed radiation exposure in the setting of nuclear fallouts. 

The Ret/PTC chimeric oncogene rearrangement is more prevalent in post-Chernobyl 

and paediatric PTC (60-80%) than in adult PTC (<30%). In contrast, the BRAF point 

mutation is less common in sporadic paediatric and post-Chernobyl PTC than in adults. 

Both mutations lead to decreased expression of genes related to thyroid differentiation. 

Most post-Chernobyl PTC have the RET/PTC3 rearrangement which is associated with 

solid / follicular variant PTC, whereas the RET/PTC1 rearrangement is more frequently 

seen in sporadic paediatric PTC and usually associated with classic, diffuse sclerosing 

variant PTC138. However, recent studies suggest that Ret/PTC rearrangements are in fact 

age related and not radiation specific139. Studies that have closely compared matched 

radiation exposed and non-exposed PTC using gene expression profiling have not found 

a significant difference between the two groups overall. However, novel approaches 

based on subtle gene expression differences and DNA copy number alterations suggest 

that radiation affected thyroid tissue and radiation-associated PTC may be subtly 
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different and have a genetic signature distinguishable from non-irradiated thyroid tissue 

and sporadic PTC respectively138,139.  

 

Total thyroidectomy is most commonly performed for the radiation-exposed thyroid 

when operative management is required122-125. Some LE services also advocate routine 

central node dissection in the setting of malignancy122,123. The ATA advocates 

management of thyroid nodules based on the FNAC result. In the setting of prior 

radiation, the ATA endorses a total thyroidectomy in settings where a lobectomy will 

normally be recommended in the general population. Such scenarios include small 

(<1cm) node negative cancers without ETE or following a Bethesda140 III 

(indeterminant) FNAC result, due to the increased risk of malignancy and to facilitate 

plans for radioactive iodine (RAI) ablation and follow-up120. The ATA does not have 

specific recommendations regarding the role of prophylactic central neck dissections in 

the setting of prior radiation; it generally supports its use in the setting of a locally 

advanced (T3/4cN0) cancer, positive lateral neck nodes (N1b) or where the information 

will impact further management120. Nevertheless, nodal information is relevant to risk 

stratification and may impact decisions regarding RAI ablation and follow-up. Large 

populational studies based on the Surveillance, Epidemiology and End Results (SEER) 

and American National Cancer Data Base have found that node positive patients have a 

worse overall survival than node negative patients (79% versus 82% at 14 year, 

p<0.05)141. This is evident even in patients younger than 45 (HR 1.29-1.32, p=0.021-

0.006) in whom nodal status does not impact the American Joint Committee on Cancer 

(AJCC) stage142.   
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Other late effect malignancies 

 

Late effect central nervous system tumours 

 

Central nervous system (CNS) tumours are the most common SMN in two large cohorts 

of CAYA malignancy survivors5,143. Compared to the general population, the risk of all 

CNS tumours and specifically of gliomas and meningiomas is increased 9.5-52.3, 8.9-

24.3 and 41.2-714.7 times respectively in CAYA malignancy survivors144. In the 

BCCSS, the 40-year cumulative incidence for meningiomas and gliomas was 2.3% and 

0.8% respectively in the cohort overall; and 6.3% and 2.4% respectively in patients 

irradiated for a primary brain cancer143. The average latency from primary cancer to 

diagnosis of CNS tumour is slightly longer for meningiomas than gliomas (10.7-23.1 

versus 8-20 years respectively)144.   

 

Bowers et al.’s systematic review reported that children exposed to cranial radiation are 

at increased risk of CNS tumours144. A CCSS case-control study showed that the risk of 

glioma and meningioma is increased 6.78 and 9.94 times respectively with cranial 

radiation145. CNS tumour risk is not significantly elevated in those not exposed to 

radiation145.  

 

The risk of CNS tumour has a strong linear dose relationship with the dose of cranial 

radiation143-146. This is especially pronounced for meningiomas. Compared to patients 

not exposed to cranial radiation, a significant elevation in the risk of meningioma is 

observed from 20Gy, increasing to a relative risk of 479.1 (CI 25.0-657.2, p<0.001) in 

patients exposed to ≥40Gy. The risk of glioma is elevated 4.4-fold (CI 1.2-16.4, 

p=0.028) following similar radiation doses143. Although survivors of primary brain 
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cancer and leukemia are most at risk of late effect CNS tumours, primary diagnosis is 

not a significant risk once corrected for cranial radiation dose143,145. 

 

The risk of glioma increases with younger age at cranial radiation143,145,146. Patients 

exposed when younger than 5-6 years old have the highest risk of glioma, possibly 

reflecting the susceptibility of the brain to radiation effects during development145,146. 

An association between meningioma risk and younger age at primary cancer was found 

in some studies2, but not others143,146. 

 

Overall, chemotherapy does not influence CNS tumour risk143,145. Nonetheless, the 

BCCSS found that the risk of meningioma (but not glioma) rises with increasing dose of 

intrathecal methotrexate. Adjusting for radiation dose, patients that received ≥70mg/m2 

intrathecal methotrexate had 35.6 times (CI 4.8-599.4, p<0.001) the risk of meningioma 

compared to patients that did not receive any143. However, this finding was not 

unanimous across studies and there were few survivors treated with intrathecal 

methotrexate without cranial radiation to assess for an independent causal 

effect143,145,146. 

 

Survival from radiation-associated CNS tumours is comparable to similar histological 

types of CNS tumours in the general population144. Most radiation-associated gliomas 

are high-grade (WHO147 grade 3 and 4), with a dismal 5-year survival of 0-19.5%144. In 

a single institutional series of paediatric CNS tumour survivors, late effect high-grade 

CNS tumours was second only to progressive primary disease as the leading cause of 

mortality, accounting for 15.2% of deaths148. Radiation-associated meningiomas have a 

higher rate of multiplicity (15.8-31.6%)149-153 compared to those in the general 
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population (2.4%)149. Majority (55.6-87.5%) of surgically resected meningiomas are 

WHO grade 1150-152 with 5-year survival ranging from 57.3-100.0%144.  

 

The COG recommends annual clinical assessment for patients exposed to cranial 

radiation (including cranial, total body, Waldeyer’s ring, nasopharyngeal, orbital and ear 

radiation) and brain MRI for symptomatic patients only44. Patients with 

neurofibromatosis have a particularly elevated risk of subsequent CNS tumour after 

radiation (around 50%) and biennial brain MRI can be considered from 2 years after 

radiation exposure44,154.  

 

Studies examining MRI or computed tomography (CT) screening in CAYA malignancy 

survivors exposed to cranial radiation report a high prevalence of asymptomatic 

meningiomas ranging from 7.4-19.7%, with higher rates reported in studies with longer 

follow-up (>20 years)150-153,155. Asymptomatic meningiomas are significantly smaller 

than symptomatic ones151.  These findings point to a potential role of periodic screening 

of asymptomatic survivors exposed to cranial radiation. However, the true benefits, 

harms and implications of screening are not sufficiently validated. Currently, there are 

no established, evidence-based screening guidelines and practices vary. 

 

 

Late effect gastrointestinal cancers  

 

Survivors of CAYA malignancies are at increased risk of gastrointestinal (GI) cancers. 

The CCSS and BCCSS report a SIR of 4.6 for GI cancers compared to the general 

population4,156. In particular, abdominopelvic radiaton increases the risk of GI cancer by 
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3.3-5.38-fold compared to patients not exposed4,156. Most (82%) subsequent GI cancers 

occur in or near (<10cm from) the radiation field156. There is a strong dose-response 

relationship; compared to patients not exposed to radiation, the RR is 5.2 and 9.6 in 

patients treated with 10-29Gy and >30Gy respectively157,158. Interestingly, even patients 

not exposed to radiation have a small increase in GI cancer risk compared to the general 

population (SIR 2.4)156.  

 

In the CCSS and BCCSS cohorts, survivors of Wilm’s tumour (SIR 15.5), HL (SIR 

5.7), CNS cancer (SIR 6.8), bone cancer (SIR 6.8) and hereditary retinoblastoma (Rb) 

(SIR 12.5) have a significantly elevated risk of GI cancers4,156. For the former two 

primary cancer types, GI cancer risk is probably attributable to abdominopelvic 

radiation. However, the majority of GI subsequent cancers in the latter three primary 

cancer types did not occur in relation to abdominopelvic radiation. This may point to an 

underlying genetic predisposition such as a p53 germline mutation, although self-

reported family history was not significantly different156. 

 

Chemotherapy increases GI cancer risk156-158 although its role is not clearly defined. A 

European cohort found that chemotherapy increases GI cancer risk, both alone (SIR 9.1) 

and especially in combination with radiotherapy (SIR 29.0)157. In the CCSS cohort, 

platinum-based chemotherapy (hazard ratio (HR) 7.6) and high-dose of the alkylating 

agent procarbazine (HR 3.2) was found to increase GI cancer risk after controlling for 

radiotherapy156,159. However procarbazine in the absence of abdominopelvic irradiation 

did not increase GI cancer risk. This may be due to a potentiating role of chemotherapy, 

or a type 2 error from small patient numbers156.  
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The majority (53.3%) of subsequent GI cancers are colorectal cancers156 with reported 

30-year cumulative incidence ranging from 0.4% to 2.4%2,96. By age 50, 1.4% of 

survivors treated with abdominopelvic radiation will develop colorectal cancer, which is 

comparable to the risk of having 2 or more first-degree relatives with colorectal cancer4. 

From a screening perspective, GI cancers deserve attention as it has one of the highest 

absolute excess risk (excess number of cases compared to expected in the general 

population), especially in survivors aged ≥404,157. Furthermore, colorectal cancer has a 

well-established adenoma-carcinoma sequence and prognosis is highly dependent on 

pathological stage160.  

 

The COG recommends 5-yearly colonoscopy in patients treated with ≥30Gy 

abdominopelvic radiotherapy, beginning 10 years after radiation or age 35, whichever is 

later44. However, the age to commence screening and the treatment dose threshold may 

require re-evaluation. Series of subsequent primary colorectal cancers report a median 

age of diagnosis ranging from 32.4 to 37.0 years old, with the youngest patient 

diagnosed at 11 years old96,156-158.  Furthermore, a significant proportion of cases occur 

below the screening threshold of 30Gy, with reported median dose to the site of 

colorectal cancer ranging from 4.7Gy to 29.2Gy157,158. Compliance with screening is 

poor despite surveillance recommendations. A recent CCSS survey found that only 

29.5% of respondents had a colonoscopy or sigmoidoscopy within the last 5 years. 

Compliance was associated with age ≥50 as well as frequent and recent physician 

visits161. 
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Late effect sarcomas 

 

Survivors of CAYA malignancy are at increased risk of sarcomas. In the CCSS cohort, 

sarcomas represent 15% of subsequent malignancies2. Compared to the general 

population, the risks of osteosarcoma, bone cancer, and soft tissue sarcoma are elevated 

30.0, 19.0 and 8.1-fold respectively, particularly in patients exposed to radiation therapy 

and diagnosed with a CAYA malignancy at a young age2. Sarcomas are lethal, 

accounting for 3.4% of overall deaths and 18.4% of deaths due to subsequent 

malignancies in the CCSS cohort9.  

 

Henderson et al. reported on the largest number of sarcomas in CAYA malignancy 

survivors162.  A nest case-control study was performed comparing 105 cases of second 

primary sarcoma to 422 controls that were matched for sex, age at primary cancer and 

type of primary cancer. The median latency from primary cancer to second primary 

sarcoma was 11.8 years (range 5.3-31.3 years) and the most common histological types 

were osteosarcoma (31.0%), malignant peripheral nerve sheath tumour (10.9%), 

malignancy fibrous histiocytoma (9.1%) and leiomyosarcoma (8.2%). The risk of 

second primary sarcoma was most strongly associated with radiation exposure (odds 

ratio (OR) 4.1, CI = 1.8-9.5). The risk was significantly increased beyond 10Gy and 

displayed a linear dose relationship with no downturn of risk even at high doses 

(>50Gy). Compared to a non-exposed reference, the risk of sarcoma was elevated 15.6, 

16.0 and 114.1 times with increasing doses of 10-29.9Gy, 30-49.9Gy and >50Gy 

respectively. Anthracycline was the only class of chemotherapeutic agent observed to 

increase sarcoma risk (OR 3.5, CI 1.6-7.7), with a significant correlation between 

increasing risk and cumulative dose (p trend = 0.004). Other studies have reported a 

linear increase in risk with increasing cumulative dose of alkylating agents, though few 
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patients were treated with anthracycline to independently assess its effect on sarcoma 

risk163. 

 

After adjusting for treatment factors, patients in the CCSS cohort with primary HL and 

sarcoma were most likely to develop a second primary sarcoma compared to primary 

leukemia patients as a reference. The risk was elevated 10.8 and 8.9 times for HL and 

primary sarcoma survivors respectively162. Survivors of retinoblastoma (Rb) are not 

included in the CCSS; a British cohort study of 13175 CAYA malignancy survivors 

observed a particularly elevated risk of second primary sarcoma in patients with 

hereditable Rb compared non-heritable Rb and other childhood cancer survivors (SIR 

381, 14, 26 respectively). The 3-year cumulative risk of sarcoma was 7.2% in patients 

with heritable Rb. However, factors other than radiation may be important in patients 

with Rb, as only 41.4% of sarcomas after Rb developed within or on the edge of the 

radiation field compared to 76.6% of sarcomas after other CAYA malignancies163.  

 

Overall radiation-associated sarcomas represent 3-6% of all sarcomas164. Diagnostic 

criteria for radiation-associated sarcomas require that the sarcoma must develop within 

the radiotherapy field, the histological features must be different to the primary 

malignancy and there should not be evidence of the sarcoma being present prior to 

radiation165. The required latency from radiation exposure until development of sarcoma 

is controversial, with variable definitions of 6 months166, 2 years167 and 5 years168.  

 

Case control studies have demonstrated significant differences between radiation-

associated sarcomas and sporadic sarcomas166,167.  Radiation-associated sarcomas are 

more commonly located in a central site (60% versus 23%), and patients are less likely 
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to undergo surgery (64% versus 77%) or receive radiotherapy for the sarcoma (22% 

versus 33%). When surgery is performed for radiation-associated sarcomas, the chance 

of a positive margin is higher (34% versus 23%) and more patients develop a local 

recurrence (41% versus 17%)167. Amongst radiation-associated soft tissue sarcomas, 

histological type is a significantly predictor of survival; malignant peripheral nerve 

sheath tumours have the worst prognosis and fibrosarcomas have the best prognosis (5 

year survival 12% and 76% respectively)166. A differently designed comparison 

between malignant fibrous histiocytoma, osteosarcomas and all other soft tissue 

sarcomas did not show a significant association between histology and survival167.  

 

Overall, prognosis for radiation-associated sarcomas is poor, with a 5-year disease 

specific survival of 32-58%166,167. Although survival from radiation-associated sarcomas 

is significantly worse than for sporadic sarcomas, this is mainly attributable to higher 

rates of central tumour location and incomplete removal. Whilst radiation therapy is a 

likely mediator in the pathogenesis of sarcomas, radiation therapy itself has not been 

shown to be an independent prognostic factor167. When complete removal of the 

sarcoma can be achieved, survival is improved, with a similar 5-year sarcoma-related 

survival of 67% in patients with radiation-associated and sporadic sarcomas167.  

 

The COG guideline recommends annual clinical review for assessment of late effect 

sarcomas, in particular to elicit a history of bone pain and to examine the bones, skin 

and soft tissues within the irradiated field. Routine diagnostic imaging is not 

recommended, and is only advocated for patients with clinical symptoms44. 
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Peter MacCallum Cancer Centre Late Effect Service 

 

The Peter MacCallum Cancer Centre (PMCC) LE service was established in 2000 and 

is the first adult service of its kind in Australia. The service is available to cancer 

survivors aged over 18 and at least 5 years post completion of therapy for their primary 

cancer. It provides ongoing multidisciplinary care for survivors of cancer, in particular 

CAYA malignancies in order to improve or maintain their biopsychosocial wellbeing 

from the effects of cancer or its treatment. A previous study reported that referrals to the 

service come from children’s hospitals (49.4%), adult hospitals (38.3%), general 

practitioners (6.3%), self referrals (4.1%) and other sources (1.9%)169.  

 

The PMCC LE clinic is held weekly on a Thursday afternoon at the PMCC Melbourne 

campus and twice a year in Bendigo and Hobart. The consultative team includes 

specialists in radiation and medical oncology, haematology, endocrinology, cardiology, 

neurology, a nurse specialist, GP liaison and social worker. Prior to clinic attendance, 

all attending patients are discussed in a multidisciplinary meeting and anticipated issues 

are highlighted. Specialists relevant to the patient’s issues review the patient on the 

same day with the patient generally remaining in the same consulting room. Referral to 

affiliated specialists in other disciplines are made as required. The PMCC LE service 

works in close collaboration with the patient’s general practitioner (GP), often in a 

“shared care” approach to provide ongoing screening and surveillance at a level 

appropriate to the late effect requirements of the patient.   

 

The PMCC LE service has an online screening and surveillance guideline for GP’s170, 

adapted from the COG guidelines (Version 3.0 – October 2008)171 which outlines 
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potential late effects, special considerations and follow-up recommendations for a 

comprehensive list of chemotherapy, radiation and surgical treatments. This includes 

screening for radiation-associated malignancies based on the radiation therapy received 

for the primary cancer.  

 

Specific recommendations by the PMCC LE service for thyroid and breast surveillance 

after radiation exposure are outlined below. 

 

i) Patients exposed to thyroid irradiation (both direct and scatter) are 

recommended to have yearly thyroid examination and screening thyroid 

ultrasound commencing 2 years after radiation. The ultrasound is 

repeated 2 yearly if the result is normal and yearly if nodules <5mm are 

detected. Patients with nodules >5mm are recommended to have 

endocrine or surgical review and considered for FNAC. This 

recommendation was applied to patients exposed to scatter thyroid 

irradiation since 2005. This contrasts with the COG guideline that does 

not recommend screening thyroid ultrasound, but rather diagnostic 

thyroid ultrasound and FNAC for evaluation of palpable nodules.   

ii) Patients exposed to chest radiation ≥20Gy are recommended to have 

yearly breast examination and annual mammography and/or breast 

ultrasound beginning 8 years after radiotherapy. This contrasts with the 

COG and IGHG47 guidelines that recommend annual mammography and 

breast MRI commencing from age 25 or 8 years after radiotherapy, 

whichever occurs last. This is primarily because the Australian breast 

MRI screening access program does not fund breast MRI for women at 
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increased risk due to therapeutic chest irradiation, therefore such testing 

will need to be self-funded172.   

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        

 

Study aims and hypothesis 

 

Primary Hypothesis:  

Patients attending the PMCC LE Service exposed to therapeutic radiation are at 

increased risk of breast and thyroid cancer compared to the Australian general 

population and guidelines for screening in this high-risk group need greater compliance. 

 

 

Primary aim:  

❖ To characterize the time until detection of radiation-associated breast, thyroid 

and solid malignancies in patients referred to the PMCC LE service from 

1/1/2000 to 20/2/2013. Specifically,  

 

o Radiation-associated breast malignancy amongst women treated with 

prior radiation to the chest and referred without a prior diagnosis of 

breast malignancy; 

o Radiation-associated thyroid malignancy amongst patients treated with 

prior radiation to the thyroid and referred without a prior diagnosis of 

thyroid malignancy; 
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o Radiation-associated solid malignancy amongst patients treated with 

prior radiation and referred without a prior radiation-associated solid 

malignancy. 

 

❖ To compare the age-specific incidence of breast and thyroid malignancy in 

patients exposed to therapeutic radiation attending the PMCC LE service to that 

in the Australian general population. 

 

Secondary aims:  

 

❖ To assess compliance with breast and thyroid screening recommendations from the 

PMCC LE service.  

 

❖ To assess the surgical management and outcome of lesions detected in the breast 

and thyroid in patients exposed to chest and thyroid radiation respectively. 

 

❖ Amongst all patients with radiation-associated breast and thyroid malignancies:  

• To compare the mode of presentation (symptomatic or screen-detected) 

  to the period of diagnosis either prior to or following the first attendance 

  at the PMCC LE service; 

• To compare the mode of presentation (symptomatic or screen-detected) 

and the distribution of stage at diagnosis. 
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Chapter 2 Methodology 

 

A list of all the patients that were booked to attend the PMCC LE service from the 1st 

January 2000 up to 20th February 2013 was obtained from the PMCC medical records 

department. Patients were extracted based on the clinic codes for the clinics managed by 

the PMCC LE service (Table 1). The PMCC electronic patient medical record for each 

patient was retrospectively reviewed.  

 

   Table 1: PMCC LE service clinics 

Clinic Code Clinic name 

BLE Bendigo Late Effects 

LEC Late Effects Consultation 

LEF Late Effects New 

LEH Late Effects Haematology 

LER Late Effects Review 

NPLEC Nurse Practitioner Late Effect 

    

 

Patients were excluded from the study if they: 

• Did not receive therapeutic radiation for their primary cancer or recurrence of 

their primary cancer 

• Never attended the PMCC LE service 

• Carried a cancer predisposing genetic mutation 

• Were less than five years from curative treatment to death or last follow-up by 

the PMCC LE service 

• Exposed to radiation accidentally 
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Clinical information was retrieved from the PMCC electronic patients records for the 

patients included in the study. Patient data was recorded in a password protected 

computer on a spreadsheet using Microsoft® Excel® for Mac 2011, Version 14.1.0.  

 

Specific data fields collected for all included patients include: 

• Date of birth 

• Gender 

• Primary malignancy type and year of diagnosis 

• Date of first and last attendance at the PMCC LE service 

• The radiotherapy field, dose and last date of radiation treatment was 

recorded for each course of radiotherapy. The radiotherapy field was 

classified according to the body region or regions that received radiation. 

The body region options were head, neck, chest, abdomen / pelvis, upper 

limb and lower limb.  

• Date and cause of death 

 

All invasive malignancies, in-situ malignancies and benign tumour events were 

recorded; events were collected from both internal and external patient correspondence 

and confirmed with pathology and medical imaging reports where available.  

 

Invasive malignancies were considered either solid or haematological. Solid cancers 

were classified as radiation-associated if the malignancy occurred within the body 

region that was exposed to radiation and followed the completion of radiation treatment 

to that region. All other invasive malignancies were considered non-radiation 

associated, including malignant events that occurred distant from the radiotherapy 

treatment region or prior to completion of radiation to that region. All haematological 
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malignancies and carcinoma of unknown primary were considered non-radiation 

associated. Skin cancer events without a specified site and/or date were considered non-

radiation associated. DCIS of the breast that occurred after radiation to the chest was 

classified with radiation-associated invasive breast cancer as a radiation-associated 

breast malignancy; DCIS not associated with radiation was classified as an in-situ 

malignancy. Metastasis from the primary malignancy to another organ was considered a 

recurrence.  

 

Brain tumours were graded according to the 2007 WHO classification of tumours of the 

central nervous system147. WHO grade I brain tumours were considered benign and 

WHO grade II, III and IV brain tumours were considered malignant. Meningiomas that 

were managed non-operatively were considered WHO grade 1 (benign).  

 

The date of operation was considered the date of diagnosis for all invasive 

malignancies, in-situ malignancies and benign tumours managed surgically. The date of 

biopsy (or earliest date of detection on imaging if biopsy not performed) was considered 

the date of diagnosis if the tumour was manage non-operatively or with neo-adjuvant 

therapy.  

 

The burden of invasive malignancies per patient was classified as the number of 

radiation-associated and non-radiation associated invasive malignancies per patient.  

 

Analysis of the common radiation-associated solid malignancies was performed and the 

lethality of the types of radiation-associated malignancies with ≥5 cases was 
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determined. Lethality was considered the proportion of patients with the condition that 

died of the condition. All causes of death in the PMCC LE cohort was also assessed.  

 

Incidence analysis 

Time to event analyses were performed separately for:  

i) Radiation-associated breast malignancies amongst female patients with 

prior chest irradiation as part of their primary treatment, excluding 

patients with a breast malignancy prior to their first attendance at the 

PMCC LE service;  

ii) Radiation-associated thyroid malignancies amongst patients with prior 

thyroid irradiation as part of their primary treatment, excluding patients 

with thyroid cancer or a total thyroidectomy prior to their first attendance 

at the PMCC LE service; 

iii) Radiation-associated solid malignancy amongst patients with prior 

irradiation as part of their primary treatment, excluding patients with a 

radiation-associated solid malignancy prior to their first attendance at the 

PMCC LE service.  

 

Patients were stratified by the time interval between the completion of radiation 

treatment and the time of first attendance to the PMCC LE service (0-5, 5-10, 10-15, 

15+ years). Note that the stratification variable could be <5 years even though the initial 

exclusion criteria stated that patients had to have their last PMCC LE attendance >5 

years after completion of radiation for their primary cancer. This was due to some 

patients who first attended the PMCC LE service within 5 years, but had their last 

appointment after 5 years from completion of radiation treatment. All time to event 
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analyses were measured from the date of first PMCC LE service attendance, and were 

censored at the last date of PMCC LE service attendance, date of death, or when the 

organ at risk of radiation-associated malignancy was no longer present, for example due 

to a benign total thyroidectomy in the cohort being observed for radiation-associated 

thyroid cancer. Kaplan-Meier product limit curves for time from first PMCC LE 

attendance until date of diagnosis of radiation-associated malignancy was produced for 

each stratum and presented on the same set of axes. Some patients were excluded from 

analysis due to the fact that they only visited the PMCC LE service once and effectively 

had zero follow-up.  

 

A comparison was performed between the incidence of radiation-associated breast and 

thyroid malignancy diagnosed whilst under the guidance of the PMCC LE service and 

the number that would be expected in a sample from the Australian general population 

of the same size, gender and age distribution. Any breast or thyroid malignancy that 

occurred outside the time period between the first and last attendance at the PMCC LE 

service were excluded. The number of patient-years and radiation-associated breast or 

thyroid malignancy observed in the sample for each 5-year age bracket was compared to 

the age-specific incidence per 100,000 patients in the Australian general population. 

The age-specific incidence of breast cancer in women and thyroid cancer in both sexes 

were obtained from the Australian Institute of Health and Welfare (AIHW)173,174, based 

on incidence data from the 2013 version of the Australian Cancer Database (ACD).  

 

Surveillance compliance analysis 

Compliance with breast and thyroid surveillance whilst under the guidance of the 

PMCC LE service was assessed for women exposed to chest irradiation and all patients 
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exposed to thyroid irradiation respectively. Surveillance compliance was assessed by 

dividing the number of screen events by the duration at risk in years. Compliance with 

breast surveillance was defined as a ratio of ≥0.8 (ie. 1 screen event per 1.25 year) and 

thyroid compliance was defined as a ratio of ≥0.5 (ie. 1 screen event per 2 years). An 

assessment of compliance was performed for all patients exposed to thyroid irradiation 

and separately for women exposed to i) any dose, ii) ≥20Gy, ii) ≥10-<20Gy, iii) 

<10Gy/scatter and iv) unknown dose of therapeutic chest irradiation. 

 

Patients were excluded from the surveillance compliance analysis if a radiation-

associated breast or thyroid malignancy event occurred prior to their first PMCC LE 

service attendance, or if the organ being surveyed was not present, for example due to a 

total thyroidectomy performed prior to the first PMCC LE service attendance in the 

cohort being assessed for thyroid surveillance compliance. Patients that attended the 

PMCC LE service once were excluded as they effectively had no duration at risk. 

 

The duration at risk usually commenced on the date of the first attendance at the PMCC 

LE service and concluded at the last date of attendance, at diagnosis of radiation-

associated breast or thyroid malignancy, or when the organ being surveyed was entirely 

removed, for example, due to a total thyroidectomy with benign pathology during 

surveillance. For women exposed to chest irradiation whose first PMCC LE service 

attendance was younger than 25 or <8 years post chest radiation, the duration at risk 

commenced at the latter of age 25 or ≥8 years post chest radiation. For patients exposed 

to scatter thyroid irradiation whose first PMCC LE attendance was prior to 2005, the 

duration at risk commenced from the 1st January 2005, after which thyroid screening 

was recommended for patients exposed to scatter thyroid irradiation. 



 51 

 

Each screen event performed within the duration at risk, or performed in preparation for 

the patient’s first attendance at the PMCC LE service, or within 1 month prior to the 

patient’s first PMCC LE attendance was considered a screen event for evaluation of 

compliance. Thyroid ultrasounds performed solely for performance of FNAC following 

a surveillance ultrasound was not considered a screen event. Breast surveillance 

compliance was assessed separately for mammography and any modality 

(mammography or breast ultrasound or breast MRI). Breast surveillance events 

separated by less than 6 months were considered one screen event, so for example 

mammography and breast ultrasound separated by 2 weeks was considered one screen 

event. Breast Screen results were considered biennial.  

 

Breast and thyroid screen events were obtained from the medical imaging report, which 

were located in the “Radiology” or “Scanned documents” section of the electronic 

patient medical record for patients screened at PMCC or at an external radiology service 

respectively. 

 

Additional radiation-associated breast malignancy analyses 

 

All radiation-associated breast malignancies, regardless of whether it was detected whilst 

under the management of the PMCC LE service or not were assessed for: 

 

• The median age at diagnosis of breast malignancy and latency from the completion of 

chest radiation until the diagnosis of breast malignancy. The first course of chest 

radiation was considered in patients with multiple radiation courses to different body 



 52 

regions and the first breast malignancy was considered in patients with metachronous 

malignancies. 

  

Each breast malignant event was considered in patients with bilateral breast 

malignancies to assess: 

• The proportion that presented prior to or following the patient’s first 

attendance at the PMCC LE service.  

• The distribution of mode of presentation of breast malignancies, ie. 

symptomatic or screen-detected, regardless of whether the patient was 

participating in screening and their compliance.  

• The proportion of breast malignancies visible on mammography. 

• The proportion of breast malignancies managed with mastectomy versus 

breast conserving surgery, radiation therapy, endocrine therapy and 

chemotherapy.  

• The proportion of mastectomies that underwent reconstruction and the type 

of reconstruction (autologous or implant based). Both therapeutic and 

prophylactic mastectomies were considered and each mastectomy was 

considered a separate event.  

• The distribution of histological subtypes, grade, hormone receptor, HER-2 

status and AJCC 7th edition stage175 amongst breast malignancies. Grade was 

recorded using the modified Scarff-Bloom-Richardson grading system 

(grade 1-3)176. Oestrogen and progesterone receptor status were recorded 

using the ALLRED scoring system177 where possible and hormone receptor 

status was considered positive when the ALLRED score was >2 for the 

oestrogen or progesterone receptor. HER-2 status was based on the in-situ 
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hybridization result where available. When only the HER-2 

immunohistochemistry (IHC) was available, HER-2 status was considered 

non-amplified for a IHC result of 0 or 1+ and amplified for a IHC result of 

3+; a IHC result of 2+ was considered as unknown HER-2 amplification 

status. Breast malignancies were staged according to the AJCC TNM stage 

at the time of diagnosis (Stage 0, IA/B, IIA/B, IIIA/B/C, IV)175. 

• An association between the mode of presentation and i) the period of breast 

malignancy diagnosis either prior to or following the first PMCC LE service 

attendance was assessed using Fisher's exact test, ii) the distribution of stage 

at diagnosis was assessed using the Wilcoxon non-parametric test. 

 

Each woman with breast malignancy was considered to assess: 

• The proportion that underwent a contralateral prophylactic mastectomy. 

• The distribution of familial breast cancer risk as per the Familial Risk 

Assessment – Breast and Ovarian Cancer (FRA-BOC) online assessment 

tool178. Patients were classified as having an average or slightly above 

average risk; moderately increased risk; or potentially high-risk family 

history. 

• The number of women that developed a local recurrence, systemic 

recurrence or died due to breast cancer was interpreted in light of the amount 

of follow-up after the diagnosis of breast malignancy. Local recurrence was 

considered when there was evidence of recurrence in the local breast, chest 

wall or regional nodes. Systemic recurrence was considered when there was 

evidence of systemic metastatic disease. 
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All deaths in the cohort of women exposed to chest irradiation were also considered.  

 

 

 

 

 

 

 

Additional thyroid analyses 

  

All patients exposed to direct or scatter thyroid irradiation were considered to assess the 

proportion of patients with thyroid nodules, whether detected whilst under the 

management of the PMCC LE service or not. The proportion of thyroid nodules 

managed with FNAC, the distribution of Bethesda category140 and the resultant 

management (operative or non-operative) was assessed. The Bethesda category was 

obtained from the cytology report. If the Bethesda category was not available, a review 

of the cytology description in conjunction with an endocrine surgeon was performed 

and a Bethesda category recommended. In patients with multiple FNAC’s, the most 

recent result with the highest malignancy risk was considered. The hierarchy from 

lowest to highest malignancy risk was considered as Bethesda II, I, III, IV, V, VI. 

Management of the thyroid nodule/s was deemed to conclude at the point of surgical 

removal. Therefore, patients with further thyroid nodules following removal of less than 

the whole thyroid gland were considered to have two thyroid nodule events.  

 

For all operatively managed nodules, the proportion returning a malignant result and the 

distribution of “true positive” and “incidental” malignancy was assessed. A “true 

positive” malignancy was considered when the clinical or ultrasound detected lesion 

that led to surgery contained the malignant finding. An incidental malignancy was 

considered when the malignancy was not the principle lesion/s that led to surgery. 

Malignancies were considered “type unknown”, if it was not possible to determine 



 55 

whether the malignancy was true positive or incidental based on the available clinical 

information. For nodules that were managed operatively, the sensitivity and specificity 

of “suspicious” nodule features on ultrasound in isolation and in combination with a 

Bethesda category IV-VI result in predicting a true positive malignancy versus an 

incidental malignancy or benign surgical finding (considered collectively) was assessed. 

Suspicious nodule features were considered present when i) increased nodule internal 

vascularity or ii) microcalcification was reported. Cytology, histopathology and 

ultrasound reports were obtained from the “Pathology”, “Radiology” and “Scanned 

documents” sections of the PMCC electronic medical records. 

 

All patients with a past history of thyroid irradiation that underwent surgery, whether 

for thyroid nodules or another clinical indication such as lymphadenopathy was 

assessed for the proportion of benign versus malignant (true positive, incidental and 

type unknown) pathology and the distribution of surgical operations performed on the 

thyroid gland and cervical lymph nodes. Each thyroid operation was considered a 

separate event for patients having more than one thyroid operation, except when a hemi-

thyroidectomy was followed shortly by a completion thyroidectomy was considered a 

total thyroidectomy. The number and proportion of thyroid operations that were 

complicated by temporary or permanent recurrent laryngeal nerve (RCLN) injury, 

hypocalcaemia and other complications was assessed. RCLN injury was considered 

present if there was post-operative change in voice or hoarseness; the injury was 

considered transient if the voice returned to normal, regardless of whether fibre-optic 

endoscopy was performed. Complication events were obtained from available 

correspondence from the treating endocrine surgeon, ear nose and throat (ENT) surgeon 

or endocrinologist in the patient’s medical records.  
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All radiation-associated thyroid malignancies (excluding metastatic cancer to the thyroid), 

regardless of whether it was detected whilst under the management of the PMCC LE service 

or not were assessed for: 

• The proportion that presented prior to or following the patient’s first 

attendance at the PMCC LE service.  

• The distribution of mode of presentation of thyroid malignancies, ie. 

symptomatic or screen-detected, regardless or whether the patient was 

participating in screening and their compliance.  

• The median age at diagnosis of thyroid malignancy and latency from the 

completion of thyroid radiation until the diagnosis of thyroid malignancy. The 

first course of thyroid irradiation was considered in patients with multiple 

radiation courses to different body regions.  

• The distribution of histological types (ie. papillary, follicular, medullary, 

anaplastic), AJCC stage (7th edition)175, and the proportion of radiation-

associated thyroid malignancies that were multifocal and node positive was 

assessed. Each histological type was considered in patients with more than 

one type. Thyroid malignancies were staged based on the age and TNM 

stage at diagnosis (Stage I, II, III, IV). Malignancies reported without a 

specified T stage were assigned a T stage based on the pathology description 

and operation report; NX and MX status was considered N0 and M0 for 

staging purposes.  

• An association between the mode of presentation and i) the period of thyroid 

malignancy diagnosis either prior to or following the first PMCC LE service 

attendance was assessed using Fisher's exact test, ii) the distribution of stage 
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at diagnosis was assessed using the Wilcoxon non-parametric test, iii) nodal 

positivity was assessed using Fisher’s exact test. 

• The proportion of thyroid malignancies treated with RAI ablation was 

assessed, excluding situations where RAI was used for thyroid cancer 

recurrence. 

• The number of patients that developed a local recurrence, systemic 

recurrence or died due to thyroid cancer was interpreted in light of the 

amount of follow-up after the diagnosis of thyroid cancer. Local recurrence 

was considered when there was an elevation of serum thyroglobulin and/or 

evidence of uptake in the neck on RAI scan. Systemic recurrence was 

considered when there was evidence of uptake outside the neck on RAI 

scan. 

 

All deaths in the cohort of patients exposed to thyroid irradiation were also considered.  

 

Statistical and data considerations 

Time related data was collected as year of event, as well as month and date where 

available. Cases where both month and date were unavailable were assigned to the first 

of July. Cases where the month was available but the date was unavailable were 

assigned to the 15th of the month. 

 

Missing data was managed using the pairwise deletion method, which allowed analysis 

of all cases in which the variable of interest was available. The proportion with a 

particular outcome was considered amongst all cases in which an outcome for the 

variable was known. For example, if the hormone receptor status was positive in 
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positive in 8, negative in 1 and unknown in 1, the proportion hormone positive was 

reported as 8/9 = 88.9%. 

 

All statistical analyses were performed using the R Project statistical software package 

version 3.3.1 using standard and validated statistical procedures. For all analyses, a p-

value of ≤0.05 was considered significant. 
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Chapter 3:  

The Peter MacCallum Cancer Centre Late Effects Service 
 

 

PMCC LE cohort description 

 

From 1st January 2000 until 20th February 2013, 721 patients were registered to attend 

the PMCC LE service. Five-hundred and thirty-four patients were included for analysis 

after excluding 187 patients (Table 2). The most common reasons for exclusion were 

because the patient did not receive radiation for their primary malignancy (n=134) and 

failure to attend the clinic (n=31); 12 patients carried a genetic mutation associated with 

increased malignancy risk, most commonly a BRCA mutation (n=5) (Table 3).  

 

Of the 534 included patients, the most common primary diagnoses were CNS primary 

tumours (30.3%), HL (26.0%) and leukemia (13.1%) (Table 2). Twenty-nine patients 

had “other cancers”, of which 14 cases (48.2%) were related to the ENT region, most 

common diagnosis being primary nasopharyngeal carcinoma (Table 4). Eight patients 

received radiation for a variety of benign conditions; the patient with Lyme disease 

received radiation for what was initially thought to be HL (Table 4). Of note, the 

interval from completion of radiation to first PMCC LE service attendance was typically 

long (median 19.4 years) due to factors such as the time it takes for a CAYA 

malignancy survivor to reach 18 in order to be eligible for the PMCC LE service and the 

availability of the service only since the year 2000. The included cohort of 534 patients 

had a total of 3257.5 patients-years of follow-up from the first to the last PMCC LE   
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service attendance; most patient-years of follow-up occurred for patients with a CNS 

primary (1310.7 patients-years) and HL (711.3 patient-years) (Table 2).   

 

 

 

 

Table 2: PMCC LE cohort by primary diagnosis 

 
**Age at completion of first course of radiation 

Abbreviations  HL Hodgkin Lymphoma 

   CNS Central nervous system 

   NHL Non-Hodgkin lymphoma 

   yrs Years 

 

  

Primary 

diagnosis 
Total Excluded Included 

 

Female:Male 

 

Median age 

at radiation 

exposure** 

(yrs, range) 

Median age at 

first PMCC  

LE service 

attendance 

(yrs, range) 

Median 

interval from 

radiation to 

first PMCC 

LE 

attendance 

(yrs, range)  

Patient-

years 

follow-up 

(yrs)  

HL 167 28 139 1 : 1.01 
25.1 

(5.6-52.3) 

43.9 

(21.9-71.7) 

18.9 

(3.0-49.8) 
711.3 

CNS 184 22 162 1 : 1.61 
10.8 

(0.8-55.3) 

22.5 

(15.1-65.4) 

11.8 

(2.5-40.2) 
1310.7 

NHL 92 42 50 1 : 0.67 
34.1 

(1.6-74.4) 

49.8 

(17.6-81.4) 

15.7 

(3.3-40.2) 
245.6 

Leukemia 102 32 70 1 : 1.06 
13.2 

(1.8-62.4) 

33.5 

(18.8-67.1) 

20.2 

(1.4-39.3) 
341.6 

Sarcoma 82 29 53 1 : 0.56 
10.5 

(1.5-20.3) 

22.5 

(17.6-58.6) 

12.1 

(3.4-46.1) 
335.3 

Wilm’s 26 3 23 1 : 0.64 
4.0 

(1.0-10.1) 

26.5 

(10.1-55.7) 

22.5 

(6.1-52.5) 
153.8 

Other 

cancers 
52 23 29 1 : 0.81 

31.4 

(0.9-73.7) 

50.4 

(20.2-89.5) 

19.0 

(4.1-48.6) 
110.6 

Benign  12 4 8 1 : 1 
9.2 

(0.2-50.3) 

57.2 

(18.4-63.7) 

48.0 

(5.6-57.9) 
48.6 

Accidental  
4 4 0 - - - - - 

Total 721 187 534 1 : 1.03 
15.7 

(0.2-74.4) 

35.0 

(10.1-89.5) 

19.4 

(1.4-57.9) 
3257.5 
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Table 3: Excluded patients (n= 187) 

Primary 

diagnosis 

No 

radiation 

Never 

attended  

<5 years from 

radiation to 

last PMCC 

LE 

attendance 

Genetic 

mutation 
Mutation Total** 

HL 22 6 0 0  28 

CNS 10 4 6 3 

Turcott syndrome: (PMS2 gene) 

SDHB mutation 

Tuberous sclerosis: (clinical) 

22 

NHL 33 7 3 1 BRCA2 42 

Leukemia 27 4 0 1 Lynch syndrome (PMS2 gene) 32 

Sarcoma 26 2 0 1 p53 29 

Wilm’s 3 0 0 0  3 

Other 

cancers 
10 7 5 6 

McCune-Albright syndrome 

TAR syndrome 

BRCA (x4) 

23 

Benign  3 1 0 0  4 

Accidental      4 

Total 134 31 14 12  187** 

**Total does not equal sum of columns due to some patients having more than one reason for exclusion 

Abbreviations  HL Hodgkin Lymphoma 

  CNS Central nervous system 

  NHL Non-Hodgkin lymphoma 

  SDHB Succinate dehydrogenase subunit B 

   BRCA2 Breast cancer susceptibility gene 2 

   TAR Thrombocytopenia absent radius 
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Table 4: Other cancers and benign diagnoses treated with radiation (n=29) 

Other cancers (29) ENT (14)                  nasopharyngeal carcinoma (8) 

                                  squamous cell carcinoma (3) 

                                  parotid (2) 

                                  tonsillar carcinoma (1) 

 

Lung (3)                   non-small cell (1) 

                                  small cell (1) 

        carcinoid (1) 

 

Gynaecological (3)   cervical carcinoma (2) 

                            endometrial carcinoma (1) 

 

Urological (3)           seminoma (2) 

                            teratoma (1) 

 

Breast (3) 

 

Others (3)                 melanoma (1) 

                                  hepatoblastoma (1) 

                                  anal cancer (1) 

 

Benign (8) • congenital vascular lymphangiomas 

• strawberry nevus 

• capillary haemangioma right forearm 

• aplastic anemia 

• multiple eosinophilic granuloma 

• cerebral arteriovenous malformation 

• tinea capitis 

• lyme disease 

*Number of cases is in parenthesis 

Abbreviation ENT Ear nose and throat 
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Invasive malignancies 

 

The burden of radiation and non-radiation associated invasive malignancies per patient 

is presented in Table 5. Of the 534 patients included in the analysis, 155 patients 

(29.0%) had another invasive malignancy; majority of the patients (71.0%, n=379) did 

not have another invasive malignancy. Overall, there were 147 radiation-associated 

invasive malignancies. The proportion of patients with 0, 1, 2 and 3 radiation-associated 

malignancies was 77.3%, 18.4%, 3.7% and 0.6% respectively. There were 47 non-

radiation associated malignancies. The proportion of patients with 0, 1 and 2 non-

radiation associated malignancies was 91.9%, 7.3% and 0.8% respectively. The highest 

observed number of subsequent invasive malignancies per patient was 3, either as 3 

radiation-associated malignancies (n=3) or 2 radiation-associated and 1 non-radiation 

associated cancer (n=1); this translates a burden of 4 cancers per patient when the 

primary malignancy is also considered.  

 

Table 5: Burden of radiation and non-radiation associated malignancies per patient  

 Number of non-radiation associated malignancies  

(per patient) 

Total 

0 1 2 

 

Number of                 

radiation-    

associated  

malignancies  

(per patient) 

 

0 379 30 4 413 

1 90 8 0 98 

2 19 1 0 20 

3 3 0 0 3 

TOTAL 534 
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Overall, in the cohort of 534 patients, there were 194 invasive malignancies, 147 

(74.6%) were radiation-associated and 47 (24.2%) were non-radiation associated. The 

most common types of invasive malignancies were NMSC, thyroid cancer and breast 

cancer, accounting for 37.1%, 17.0% and 12.9% of invasive malignances respectively 

(Table 6). Twenty-five patients had a breast malignancy; 1 case was considered non-

radiation associated as the breast malignancy was diagnosed before the patient received 

radiation for Non-Hodgkin lymphoma (NHL). The remaining 24 patients with 28 breast 

malignancies and will be described in detail in Chapter 4. Thirty-three patients had 36 

thyroid malignancies, all of which were considered radiation-associated. One patient 

had metastatic carcinoid to the thyroid from a primary in the lung and was considered to 

have recurrent metastatic disease although she was exposed to scatter neck radiation. 

The management of patients exposed to thyroid irradiation and a detailed description of 

radiation-associated thyroid malignancies will be presented in Chapter 5.  
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Table 6: Radiation and non-radiation associated malignancy types 

 

 Radiation-associated Non-radiation associated Total 

Breast cancer 24 1 25 

Thyroid 33 0 33 

NMSC 56 16 72 

Melanoma 4 4 8 

Brain  
7 

(5 WHO II/III meningioma,  

1 WHO III astrocytoma, 1 GBM) 

1 
(GBM) 

8 

Gastrointestinal 
4 

(1 oesophageal, 2 bowel, 1 anal) 

3  
(1 gastric, 2 bowel) 

7 

Urological 
3  

(2 renal, 1 bladder) 

6  
(3 prostate, 2 testicle, 1 bladder) 

9 

Lung 
2 

(2 non small cell) 

2  
(1 non small cell, 1 carcinoid) 

4 

ENT 
6  

(3 salivary gland, 3 oral SCC) 
0 

6 

 

Sarcoma 8 2 10 

Haematological 0 
10 

(3 HL, 3 NHL, 2 AML, 2 chronic 

leukemia) 
10 

CUP  2 2 

Total 147 47 194 

 

Abbreviations NMSC  Non-melanoma skin cancer 

  GBM  Glioblastoma multiforme 

  ENT  Ear nose and throat 

  SCC  Squamous cell carcinoma 

  HL  Hodgkin lymphoma 

  NHL  Non-Hodgkin lymphoma 

  AML  Acute myeloid leukemia 

  CUP  Carcinoma of unknown primary 
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There were 4 cases of lung cancer; 3 were non-small cell lung cancers (NSCLC) and 1 

was a lung carcinoid (Table 6). Two cases of NSCLC were classified as radiation-

associated although both patients were heavy smokers. One patient with a 60 pack 

smoking history developed squamous cell carcinoma of the lung 3.9 years after 1Gy of 

total nodal irradiation for graft-versus-host disease related to treatment for leukemia. 

The second patient was a current smoker when diagnosed with adenocarcinoma of the 

lung, 16.2 years after receiving 12Gy of total body irradiation and 18Gy of mantle 

irradiation for HL. The two non-radiation associated lung cancers occurred outside the 

radiation field. 

 

There were 8 brain malignancies, 7 of which were radiation-associated (Table 6). Six of 

the patients received cranial irradiation for a CNS primary and one patient received 

prophylactic cranial irradiation for NHL. The median age at radiation was 8.5 years old 

(range 1.6-27.5 years old) and the median latency from radiation to brain surgery was 

31.0 years (range 16.6-43.0 years). Histologically, the 7 malignancies consisted of 4 

WHO grade 2 meningiomas, 1 WHO grade 3 meningioma, 1 WHO grade 3 astrocytoma 

and 1 WHO grade IV glioblastoma multiforme (GBM). Median follow-up was 0.9 years 

(range 0.1-10.7 years) following brain surgery. Three patients died from their radiation-

associated brain cancer at 0.1, 0.2 and 0.6 years after brain surgery. One patient with 

abdominal lymphoblastic lymphosarcoma treated with chemotherapy and abdominal 

radiation at age 6 developed a non-radiation associated GBM at age 26. He was 

recurrence free at last follow-up 9.1 years after his treatment for GBM. There was no 

information available about the patient’s family history or referral to a familial cancer 

service.  
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Ten patients developed subsequent sarcomas, 8 were radiation-associated and 2 were 

non-radiation associated (Table 7). The median age at diagnosis of radiation-associated 

sarcoma was 30.6 years old (range 20.4-60.4 years old) and the latency from completion 

of radiation until sarcoma diagnosis was 21.1 years (range 1.1-25.7 years). There were a 

variety of primary diagnoses, affected sites and histological types. The mode of 

presentation was symptomatic in 6 patients, screen-detected in 1 patient and unknown in 

1 patient. The median follow-up was 3.8 years (range 0-25.2 years) from sarcoma 

diagnosis; there were 3 recurrences (2 local and 1 systemic) and 2 sarcoma related 

deaths. The 2 patients with non-radiation associated sarcomas had a uterine 

carcinosarcoma and dermal leiomyosarcoma occurring distant from the site of radiation.  
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Table 7: Radiation-associated sarcomas 

Patient Primary 

diagnosis 

XRT field 

and dose 

(Gy) 

Age at 

completion 

of XRT 

(yrs) 

Age at 

sarcoma 

diagnosis 

(yrs) 

Site and type 

(Presentation) 

Sarcoma 

follow up 

(yrs) 

Recurrence 

or death 

1 Ewing’s sarcoma L5 (50Gy) 14.4 36.0 

Small bowel 

leiomyosarcoma 

(Perforation) 

7.13 

 

LR 3.9yrs 

Death 7.1yrs 

2 Ewing’s sarcoma 
Pelvis 

(54Gy) 
16.5 41.0 

Uterine 

leiomyosarcoma 

(Vaginal bleeding) 

1.83 

 

Mets 0.7yrs 

Death 1.8yrs 

3 Medulloblastoma 

Craniospinal  

(brain 50Gy,  

spine 35Gy) 

9.4 20.4 

Left trapezius 

neurofibrosarcoma  

(Unknown) 

25.15 

 
N 

4 Medulloblastoma 

Craniospinal  

(brain 54Gy,  

spine 36Gy) 

5.4 22.4 

Occipital high 

grade pleomorphic 

osteosarcoma 

(Screen-detected) 

2.35 

 
N 

5 Medulloblastoma 

Craniospinal  

(brain 

50.4Gy, 

spine 30Gy) 

3.9 24.8 

Occipital scalp high 

grade pleomorphic 

sarcoma 

(Lump) 

(Currently 

in 

treatment) 

N 

6 Giant cell tumour  Tibia (60Gy) 20.3 41.1 
Tibial osteosarcoma 

(Pain and swelling)  
0.69 N 

7 
Non-Hodgkin 

lymphoma 

Total body 

irradiation 

(12Gy) 

23.9 25.1 

Small bowel 

spindle cell 

sarcoma 

(Abdominal pain) 

5.22 N 

8 
Hodgkin 

lymphoma 

Mantle 

(38Gy) 
34.7 60.4 

Latissimus dorsi 

high-grade 

pleomorphic 

sarcoma  

(Lump) 

6.72 

 
LR 4.2 yrs 

Abbreviations   XRT Radiation 

   LR  Local recurrence 

   Mets Metastasis 

   yrs Years 
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Figure 2 shows the Kaplan-Meier curve for radiation-associated solid malignancies, 

stratified by the interval from completion of radiation until the first PMCC LE service 

attendance. From the initial cohort of 534 patients, 89 were excluded due to a radiation-

associated solid malignancy prior to the first attendance or single attendance. Therefore, 

445 patients were included in this analysis, with most patients (45.6%) belonging to the 

stratum whose first PMCC LE service attendance was 15+ years from completion of 

radiation. Table 8 shows the freedom from radiation-associated solid malignancy at 5 

and 10 years from the first PMCC LE service attendance for each stratum. Patients first 

seen 15+ years from completion of radiation had a significantly higher incidence of 

radiation-associated solid malignancy; 17% and 27% had a radiation-associated 

malignancy at 5 and 10 years subsequent follow-up respectively. The incidence of 

radiation-associated malignancy was similar between the 5-10 and 10-15 year strata, 

approximately 2-6% at 5 years and 6-10% at 10 years. The 0-5 year stratum consisted of 

just 39 patients; the group had 4 radiation-associated malignancies early in the follow-

up period to yield a 14% incidence at 5 and 10 years. However, on review of the 4 

radiation-associated malignancies, there may be other factors at play, such as a case of 

lung cancer in a heavy smoker occurring 3.9 years after total nodal irradiation and a 

case of anal squamous cell carcinoma occurring 5.6 years after total body irradiation. 
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Figure 2: Kaplan-Meier curve for radiation-associated solid malignancy (n=445) 

 

Table 8: Freedom from radiation-associated solid malignancy at 5 & 10 years follow-up 

 

 

  

Time from completion of 

radiation until 1st PMCC LE 

service attendance (years) 

Subsequent 

follow-up  

(years) 

Freedom from radiation-

associated solid malignancy 

(%) [95% CI] 

0-5  5 86% [73%, 100%] 

0-5 10 86% [73%, 100%] 

5-10  5 98% [96%, 100%] 

5-10 10 90% [83%, 99%] 

10-15  5 94% [88%, 100%] 

10-15 10 94% [88%, 100%] 

15+  5 83% [78%, 89%] 

15+ 10 73% [64%, 82%] 
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Benign and in-situ malignancies  

 

 

There were 109 benign or in-situ malignancies in 100 patients (Table 9). Majority 

(78.2%) of these lesions were within the region of prior radiation therapy. It is possible 

that radiotherapy contributed to the formation of these lesions. Another factor could be 

increased detection from the performance of screening in patients attending the PMCC 

LE service.  

 

Meningiomas were the most common non-invasive neoplasm, making up 37.6% of non-

invasive malignancies. Overall in the PMCC LE cohort, there were 46 meningiomas; 5 

were WHO II/III and considered malignant as outlined previously (Table 6) and 41 

were benign (Table 9). All meningiomas occurred in the context of prior irradiation and 

the majority were intracranial except for one case that was situated in the extradural 

space at the level of T9. Of the 41 patients with benign meningiomas, 19 (46.3%) were 

managed surgically, of which 17 were WHO grade I and 2 had unknown WHO grade. 

Overall, the distribution of meningioma grade was WHO grade I (84.8%), WHO grade 

II (8.7%), WHO grade III (2.2%) and WHO grade unknown (4.3%), presuming the 

conservatively managed meningiomas were WHO grade I. Although WHO grade I 

meningiomas were considered benign, their intracranial position can lead to serious and 

occasionally lethal consequences. One patient died from an extensive skull base WHO 

grade 1 meningioma that was refractory to surgical and radiation therapy and the patient 

was not tolerant of medical therapy.  
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Table 9: Benign and in-situ malignancies 

 

 Radiation-associated Non-radiation associated Total 

Neurological 
50 

(41 meningioma, 9 PNST) 

4 
(2 pituitary, 2 PNST) 

54 

Gastrointestinal 
9 

(8 colonic polyps,  

1 oesophageal dysplasia) 

2 
(2 colonic polyps) 

11 

Hepatobiliary / 

adrenal 

3 
(1 pancreatic cystadenoma,  

1 FNH liver, 1 adrenal) 

3 
(1 liver adenoma,  

1 liver angiomyolipoma,  

1 adrenal adenoma) 

6 

Gynaecological 
3 

(2 uterine, 1 vulval SCC in-situ) 

6 
(4 CIN, 2 ovarian) 

9 

Breast 
2 

(2 fibroadenoma) 

3 
(2 fibroadenoma, 1 DCIS) 

5 

Skin 
2 

(1 SCC in-situ, 1 lentigo maligna) 

4 
(1 dysplastic nevi, 1 neurothekeoma,  

1 leiomyoma, 1 dermatofibroma) 

6 

ENT 

 

11 
(6 salivary gland, 2 oral SCC in-situ,  

2 parathyroid, 1 cholesteatoma) 

1 
(1 parathyroid adenoma) 

12 

Bone 4 1 5 

Renal 1 0 1 

Total 85 24 109 

Abbreviations PNST  Peripheral nerve sheath tumour 

  FNH  Focal nodular hyperplasia 

  SCC Squamous cell carcinoma 

  CIN  Cervical intra-epithelial neoplasia 

  DCIS Ductal carcinoma in-situ 

  ENT Ear nose and throat 
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Deaths in the PMCC LE cohort  

 

There were 36 deaths in the PMCC LE cohort of 534 patients (6.7%). The median age 

of death was 49.1 years old (range 20.3-86.0 years). The most common cause of death 

was malignancies associated with radiation, accounting for 41.9% of deaths where the 

cause was known (and 36.1% of total deaths). Of those radiation-associated 

malignancies with ≥5 cases (Table 6), radiation-associated brain cancer was most lethal 

with 42.9% of patients dying, followed by sarcoma (25%), breast cancer (12.5%) and 

thyroid cancer (3.0%); there were no deaths from radiation-associated NMSC and ENT 

cancers. The only lethal “benign” condition was an extensive skull base meningioma as 

previously described (Table 10). 

 

 

Table 10: Deaths in the PMCC LE cohort 

Cause of death n Details 

Radiation-associated 

malignancy 
13 

4 brain              (1 WHO I, 1 WHO II, 1 WHO III, 1 WHO IV) 

3 breast 

2 sarcoma         (1 small bowel leiomyosarcoma, 1 uterine leiomyosarcoma) 

1 thyroid 

1 bladder 

1 lung 

1 bowel 

 

Non-radiation 

associated malignancy 
5 

1 carcinoma of unknown primary 

1 gastric 

1 lung 

1 uterine carcinosarcoma 

1 lymphoma 

 

Recurrent primary 

malignancy 
7 

4 brain 

2 sarcoma            (1 synovial sarcoma, 1 alveolar soft part sarcoma) 

1 breast 

 

Medical cause 4 

2 cardiac 

1 neurological 

1 autoimmune/multi-organ failure 

 

Accidental 2  

Unknown 5  

Total 36  
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Chapter 4: Late effects management of the breast 

 

There were 144 women with a history of chest irradiation that attended the PMCC LE 

service. Four patients were excluded from analysis of breast malignancy risk because 3 

patients received chest radiation as adjuvant treatment for breast cancer and 1 patient 

had breast cancer prior to chest irradiation for NHL. The distribution of primary 

malignancy diagnoses, median age at radiation and median radiation dose to the chest in 

the 140 women included for analysis are presented in Table 11.  

 

Majority of the women exposed to chest irradiation were treated for primary HL 

(47.9%) or a CNS neoplasm (21.4%). All the women with HL received radiation to a 

supra-diaphragmatic field with a median chest dose of 36.0Gy, 19.4% were also treated 

to an infra-diaphragmatic field. Women with a CNS primary were usually exposed to 

chest radiation as part of craniospinal irradiation. Median dose delivered to the spinal 

component was 35.0Gy. Five of the 8 patients with Wilm’s tumour were exposed to 

chest radiation despite being treated to an abdominal field, either due to involvement of 

a small part of the breast within the field (usually the inferior portion) or as scatter 

radiation.   
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Table 11: PMCC LE cohort of women exposed to chest radiation (n=140) 

Primary cancer n (%) 

Median age at chest 

radiation  

(years, range) 

Median chest dose 

(Gy, range) 

Hodgkin lymphoma 67 (47.9) 25.00 (10.05-50.88) 36.0 (10-40) 

CNS 30 (21.4) 9.33 (0.80-32.88) 35.0 (20-46) 

NHL 11 (7.9) 29.23 (23.92-50.09) 36.0 (12-50) 

Leukemia 10 (7.1) 26.62 (3.54-55.33) 12.6 (12-24) 

Sarcoma 10 (7.1) 9.94 (5.54-18.19) 45.2 (15-68) 

Wilm’s tumour 8 (5.7) 5.20 (3.52-6.89) 21.75 (scatter-30) 

Other / Benign 4 (2.9) 12.92 (0.16-50.29) 12.0 (6-40) 

TOTAL 140   

Abbreviations  Gy Gray 

   CNS Central nervous system 

   NHL Non-Hodgkin lymphoma 

 

 

Breast screening compliance  

Ninety-eight of the 140 women exposed to chest radiation were assessed for compliance 

with surveillance breast imaging (Table 12). Forty-two patients were excluded; 23 were 

not due for surveillance, either because they were <25yo or <8 years post completion of 

chest irradiation at their last attendance; 13 had a diagnosis of breast cancer prior to the 

first attendance and 6 attended on a single occasion. Overall compliance with screening 

mammography alone was 18.4% and screening with any breast surveillance modality 

(mammography or ultrasound or MRI) was 28.6%. Most women (n=84, 85.7%) were 

exposed to ≥20Gy chest radiation and had a similar compliance to the cohort overall 

(20.2% and 29.8% using screening mammography and any modality respectively). 

Amongst those women exposed to ≥20Gy chest radiation, there was no difference in 

compliance between those exposed when younger than 30 or ≥30 years old (p=NS). 
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There was also no significant difference in the compliance ratio between those women 

exposed to ≥20Gy chest radiation and those receiving lower doses (p=NS).   

 

Despite PMCC LE guidelines for breast surveillance from age 25 or 8 years post-

radiation (whichever is later),  23 women had breast surveillance when younger than 25 

years old. Nine had mammography only, 4 had mammography and another modality 

(ultrasound or MRI) and 10 had screening ultrasound or MRI without mammography.  

 

Overall, surveillance breast MRI was sporadically used in 9.3% (n=13) of women 

exposed to chest irradiation. Breast ultrasound and MRI identified 9 out of 12 (75%) 

asymptomatic lesions that were biopsied with a benign result (ultrasound 5, MRI 4).  

 

 

Table 12: Compliance with screening mammography and screening with any modality 

 

 Compliance with 

screening 

mammography 

Compliance with 

screening  

(any modality) 

Overall (n=98) 18.4% 28.6% 

Chest radiation ≥20Gy (n= 84)  

   (completion of XRT <30yo, n=66) 

   (completion of XRT ≥30, n=18) 

20.2%  

(19.7% <30yo) 

(22.2% ≥30yo) 

29.8% 

(28.8% <30yo) 

(33.3% ≥30yo) 

Chest radiation ≥10-<20Gy (n=6) 0% 16.6% 

Chest radiation <10Gy and scatter (n=3) 33.3% 66.6% 

Chest radiation – unknown dose (n=5) 0% 0% 
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Radiation-associated breast malignancy prevalence and incidence 

The prevalence of radiation-associated breast malignancy was 17.1%. There were 28 

malignancies in 24 women out of 140 exposed to chest irradiation. Four women had 

bilateral malignancies (1 synchronous and 3 metachronous) yielding a bilaterality rate 

of 16.7%.  

 

Figure 3 shows the Kaplan-Meier curve for radiation-associated breast malignancy, 

stratified by the interval from completion of radiation until the first PMCC LE service 

attendance. From the initial cohort of 140 women, 19 were excluded because 8 attended 

the PMCC LE service once and 13 had a radiation-associated breast malignancy prior to 

their first attendance (2 patients had both reasons for exclusion). Therefore, 121 patients 

and 10 breast malignancies were included in this analysis. Fourteen of the 24 women 

with breast malignancy were not considered because the breast malignancy was 

diagnosed prior to the first attendance in 13 patients and 1 patient was diagnosed 2 years 

after a single attendance. Most (44.6%) women first attended the PMCC LE service 15+ 

years from completion of chest radiation. Women first seen 15+ years from completion 

of chest irradiation had the highest incidence of radiation-associated breast malignancy; 

13% and 23% had a radiation-associated breast malignancy at 5 and 10 years of 

subsequent follow-up respectively (Table 13). There were no breast malignancies in 

women first seen 0-5 years after completion of chest irradiation. Although there was a 

trend that the incidence of breast malignancy increased with increasing interval between 

completion of chest radiation and first PMCC LE attendance, the confidence intervals 

overlapped between the strata, likely due to the few number of cases (Table 13).  
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Figure 3: Kaplan-Meier curve for radiation-associated breast malignancy 

 

 

Table 13: Freedom from radiation-associated breast malignancy at 5 & 10 years follow-up 

 

Time from completion of chest 

irradiation until 1st PMCC LE 

service attendance (years) 

Subsequent 

follow-up 

(years) 

Freedom from radiation-

associated breast malignancy 

(%) [95% CI] 

0-5  5 100% [100%, 100%] 

0-5 10 100% [100%, 100%] 

5-10  5 97% [91%, 100%] 

5-10 10 97% [91%, 100%] 

10-15  5 94% [84%, 100%] 

10-15 10 94% [84%, 100%] 

15+  5 87% [78%, 97%] 

15+ 10 77% [62%, 95%] 
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A comparison was performed between the rate of radiation-associated breast 

malignancy diagnosed under the guidance of the PMCC LE service to the number that 

would be expected in a sample from the Australian general population of the same size 

and age distribution. Table 14 shows the number of patient-years and events observed in 

the sample for each 5-year age bracket, as well as the age specific incidence per 100,000 

women in the Australian general population173. Based on this, a total of 0.89 breast 

malignancies should be expected to occur in the PMCC LE sample if they had been 

taken from the Australian general population. Instead, to observe 10 breast malignancies 

in the PMCC LE sample equates to 11.2 times the expected number of cases and is 

significantly higher than expected (p<0.001). 

 

Table 14: Breast malignancy incidence in the PMCC LE cohort versus the  

     Australian general population (source AIHW) 

 

Age Bracket 

(years) 

Patient-

Years 

Actual 

Events 

Population Incidence per 100000 

women 

15-20 18.3 0   0.2 

20-25 84.8 0   0.6 

25-30 98.8 0   8.1 

30-35 97.1 1  26.0 

35-40 82.4 0  62.5 

40-45 64.8 0 130.2 

45-50 66.7 2 210.0 

50-55 61.3 2 268.2 

55-60 45.2 2 270.3 

60-65 39.5 0 337.0 

65-70 23.0 2 390.8 

70-75 16.1 0 334.9 

75-80  3.5 1 360.7 

 

p<0.001 
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Clinicopathological features of radiation-associated breast malignancies  

Twenty-four women developed 28 radiation-associated breast malignancies. The 

median ages at chest radiation exposure and index breast malignancy were 20.6 (range 

4.4-50.1) and 49.3 (range 26.9-75.9) years old respectively. Median latency to index 

breast malignancy was 24.9 years (range 9.0-46.0 years). Four women were exposed to 

chest radiation after age 30 and their breast cancer may reflect a weaker association with 

radiation. Excluding the 4 women irradiated after age 30, the median age at breast 

malignancy was slightly younger at age 46.0 (range 26.9-75.9 years). 

 

Of the 28 breast malignancies (including bilateral cases), 15 (53.6%) were diagnosed 

prior to and 13 (46.4%) were diagnosed following the patient’s first attendance at the 

PMCC LE service. Seventeen malignancies (60.7%) were screen-detected of which 3 

were clinically palpable; 11 malignancies (39.3%) presented symptomatically of which 

all were palpable (Table 15). Breast malignancies diagnosed prior to the patient’s first 

attendance to the PMCC LE service were significantly more likely to be symptomatic 

than those diagnosed after the first attendance (p=0.002).  The only breast malignancy 

presenting symptomatically after the first attendance was an invasive lobular cancer, 

occult on mammography and ultrasound performed 2 months prior to diagnosis. 
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Table 15: Mode of presentation versus diagnosis of breast malignancy prior to or after 

the first PMCC LE service attendance 

 

 Diagnosed prior to 

1st PMCC LE 

attendance  

Diagnosed after 1st 

PMCC LE 

attendance  

Total 

Symptomatic 10 1 11 

Screen-detected 5 12 17 

Total 15 13 28 

Fisher’s exact test, p=0.002  
 

 

 

At the time of index cancer diagnosis, 8 women were pre-menopausal, 15 were post-

menopausal and menopausal status was unknown in 1 patient. The median age at 

menopause was 34 (range 20-51 years) for the women who were menopausal at the time 

of breast malignancy diagnosis. Based of the FRA-BOC online tool for assessment of 

familial breast cancer risk178, of the women diagnosed with a breast malignancy, 91.7% 

were “at or slightly above average risk” and 8.3% were at “moderately increased risk”. 

None were in the “potentially high risk” category.  

 

Of the 28 breast malignancies, 12 were right-sided, 8 were left-sided and 4 were 

bilateral (1 synchronous and 3 metachronous). The metachronous malignancies were 

diagnosed at 1.2, 9.2 and 10.3 years after the index case. Most malignancies were 

located in the upper outer quadrant (48.1%) (Figure 4). Twenty-six of the 28 

malignancies (92.9%) were visible on mammography; 2 cancers were 

mammographically occult. One was an impalpable mammographically occult 

contralateral metachronous cancer detected on surveillance breast MRI, the other was a 

palpable invasive lobular cancer that was occult on mammography performed two 

months prior to diagnosis and subsequently detected on breast MRI and repeat breast 

ultrasound.  
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Figure 4: Quadrant location of 28 breast malignancies in 24 patients 

 

 

The clinicopathological features of the 28 malignancies are outlined in Table 17. 

Majority of the malignancies (82.1%, n=23) were invasive ductal carcinomas; there was 

1 mixed invasive ductal/lobular carcinoma (3.6%), 1 invasive lobular carcinoma (3.6%) 

and 3 ductal carcinoma in-situ (10.7%). The AJCC stage distribution is outlined in 

Figure 5. Most breast malignancies were early stage. Although there was a trend that 

screen-detected malignancies were earlier stage, the association between the stage and 

mode of presentation did not reach significance (p=0.11). Of the 25 invasive breast 

carcinomas (excluding 3 DCIS cases), histological grade was 1, 2 and 3 in 20% (n=5), 

44% (n=11) and 36% (n=9) respectively. Most malignancies were hormone receptor 

positive (87.5%) and HER-2 non-amplified or HER-2 IHC 0/1+ (94.7%) (Table 16). 
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The Ki-67 result was available in only 5 cases and results varied widely from <5% to 

75%. 

 

 

 

 
 

 

 

Wilcoxon non-parametric test, p=NS (0.11) 

 

Figure 5: Mode of presentation versus stage in 28 breast malignancies 

 

 

 

Table 16: Hormone receptor and HER-2 status in 25 invasive breast malignancies 

 

  

HER-2 

amplified/ 

IHC 3+ 

HER-2 non-

amplified/ 

IHC 0/1+ 

HER-2 

unknown/ 

IHC 2+ 

Total 

HR positive 0 16 5 21 

HR negative 1 2 0 3 

HR unknown 0 0 1 1 

Total 1 18 6 25 

Abbreviations HR Hormone receptor 

  IHC Immunohistochemistry 
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Twenty-five of the 28 breast malignancies (89.3%) were managed with a mastectomy; 3 

malignancies (10.7%) were managed with breast-conserving surgery. Four women 

(16.7%) had a contralateral prophylactic mastectomy. Breast reconstruction was 

performed following 19 of the 29 mastectomies (25 therapeutic and 4 prophylactic) 

(65.5%); the method of reconstruction was autologous and implant-based in 75% and 

25% respectively.  

 

Radiation therapy was infrequently administered with only one patient receiving 

adjuvant radiation. The patient’s original chest radiation was delivered primarily to the 

right hemi-thorax with cobalt for metastatic Wilm’s tumour. She received post-

mastectomy radiation therapy for a metachronous left sided inflammatory breast cancer 

without significant side effects. A case of high recurrence risk (T2N2) breast cancer did 

not receive post-mastectomy radiotherapy; she subsequently developed metastatic 

disease and died. Radiation was not administered to the 3 patients managed with breast 

conserving surgery; they remained disease free at last follow-up at 3, 6 and 11 years. 

Chemotherapy and endocrine therapy was prescribed for 48.1% and 74.1% of 

malignancies respectively. All hormone receptor positive invasive breast malignancies 

received endocrine therapy except for one patient who refused. None of the cohort of 

140 women exposed to chest irradiation were prescribed endocrine prevention therapy 

or underwent bilateral prophylactic mastectomies.   

  

The median follow-up was 7.9 years (range 0.4-20.4 years) from index breast 

malignancy diagnosis. Three patients developed metachronous contralateral cancers. 

Two patients developed a local recurrence at 3.2 and 3.6 years after their index breast 

malignancy. Five patients developed metastatic disease (20.8%) of whom 3 died at 4.9, 
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7.8 and 8.6 years after the initial breast malignancy diagnosis. There were also 5 non-

breast malignancy deaths in the cohort of 140 women exposed to chest irradiation.  
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Table 17: Clinicopathological feature of 28 breast malignancies in 24 patients 

Pat-

ient 

Primary 

diagnosis 

Age at 

chest 

XRT 

(years) 

Radiation 

field/dose (Gy) 

Age at 

breast 

cancer 

(years) 

Symptom/ 

screen 
Pathology 

T size 

(mm) 

No. 

+ve 

LN 

Grade 
ER 

 
PR 

HER2/ 

cerb2 
Surgery XRT Chemo ET Recur Death 

1  HL 19.3 

Chest, axilla and 

other sites  

(dose NA) 

58.2 Screen DCIS Tis      M, SNB N N N N N 

2 HL 17.1 Mantle (36Gy) 50.8 Screen IDC 8 0 2 7 5 -ve 
M, SNB, 

Recon 
N N Y N N 

3 HL 18.6 

Mantle, 

paraaortic, pelvic 

(36Gy) 

39.3 Symptom IDC 20 0 1 8 3 -ve 
M, SNB, 

Recon 
N N Y Y N 

39.3 Screen DCIS Tis      M, Recon N N N   

4 HL 18.0 Mantle (36Gy) 26.9 Screen DCIS Tis      M, Recon N N N N N 

5 HL 23.3 Mantle (36Gy) 52.2 Screen IDC 9 0 2 8 7 -ve 
M, SNB, 

Recon 
N N Y N N 

6 HL 20.9 
Mantle, pelvic 

(36Gy) 
33.1 Screen IDC 22, 8 0 2 7 8 -ve 

M, SNB, 

Recon 
N N Y Y N 

7 HL 20.3 

Mantle,  

inverted Y  

(dose NA) 

45.2 Screen IDC 8 0 1 7 8 -ve 
M, SNB, 

Recon 
N N Y N N 

46.4 Screen IDC 5 0 2 8 8 -ve 
M, SNB, 

Recon 
N N Y   

8 HL 35.4 
Mantle  

(dose NA) 
66.2 Screen IDC 9 0 1 7 7 NA 

WLE, 

SNB 
N N Y N Y 

9 HL 23.2 
Mantle, paraaortic 

(36Gy) 
55.6 Screen IDC 10 0 1 8 7 -ve 

WLE, 

SNB 
N N Y N N 

10 HL 21.1 Mantle (40Gy) 38.2 Symptom IDC 20 1 3 0 0 -ve 

M, SNB, 

AND, 

Recon 

N Y N Y Y 

  11 HL 17.6 Mantle (36Gy) 

34.8 Symptom IDC 17 0 3 0 0 -ve 
M, SNB, 

Recon 
N Y N N N 

44.0 Screen** IDC 13 
2 

(mi) 
3 8 8  -ve 

M, SNB, 

Recon 
     

12 HL 18.9 Mantle (36Gy) 34.5 Screen IDC 16 2 3 8 8 -ve 

M, SNB, 

AND, 

Recon 

N Y 

N 

(ref

use) 

N N 

13 HL 19.9 Mantle (36Gy) 44.8 Symptom IDC 20 0 2 6 0  -ve 
M, AND, 

Recon 
N Y Y N N 
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Pat-

ient  

Primary 

diagnosis 

Age at 

chest 

XRT 

(years) 

Radiation 

field/dose (Gy) 

Age at 

breast 

cancer 

(years) 

Symptom/ 

screen 
Pathology 

T size 

(mm) 

No. 

+ve 

LN 

Grade ER PR 
HER2/ 

cerb2 
Surgery XRT Chemo ET Recur Death 

14 HL 17.5 

Mantle, 

Waldeyer 

(32Gy) 

51.2 Symptom IDC 17 0 2 7 7 NA 
M, AND, 

Recon 
N Y Y N N 

15 HL 25.7 Mantle (36Gy) 45.1 Screen IDC 15 0 3 8 4 -ve 
M, SNB, 

Recon 
N Y Y N N 

16 HL 17.8 Mantle (32Gy) 49.5 Screen IDC 14, 8 2 3 7 7 -ve 
M, SNB,  

AND 
N Y Y Y Y 

17 HL 37.1 Mantle (36Gy) 50.9 Screen IDC 22 4 1 +ve +ve NA 
M, SNB, 

AND 
N Y Y Y Y 

18 HL 27.8 Mantle (10Gy) 50.7 Symptom IDC/ILC 40, 7 2 2 4 6 NA 

M, SNB, 

AND, 

Recon 

N Y Y N N 

19 HL 29.9 Mantle (36Gy) 75.9 Symptom** ILC 17 0 2 8 7 -ve M, SNB N N Y N N 

20 NHL 30.8 
Total nodal 

(40Gy) 
65.2 Screen IDC 12 0 2 8 6 -ve M, SNB N N Y      N N 

21 NHL 50.1 

Involved field 

right neck, axilla 

(36Gy) 

59.8 Screen IDC 22 0 2 8 6 -ve M, SNB N N Y N 
N 

 

22 NHL 28.3 

Mediastinum, 

axilla  

(40 +10Gy boost 

axilla) 

46.9 Symptom IDC 42 1 3 0 5 -ve 

WLE, 

SNB, 

AND 

N Y Y N N 

23 
Wilm’s 

tumour 
4.4 

Right hemithorax 

(dose NA) 

38.4 Symptom IDC 30 0 3 NA NA NA M, AND N Y N N N 

48.7 Symptom IDC 
>45mm 

IBC 
+ve 3 0 0 +ve 

M, SNB, 

AND 
Y 

Y 

(neo) 
N   

24 CVL 5.7 
Right chest wall 

(6Gy) 
49.2 Symptom IDC 9 1 2 7 7 NA M, AND N Y Y N N 

Abbreviations NA=Not available; Gy=Gray; No.=Number; LN=Lymph node; ER=Oestrogen receptor; PR=Progesterone receptor; XRT=Radiation; Chemo=Chemotherapy; 

ET=Endocrine therapy; NA=Not available; HL=Hodgkin lymphoma; NHL=Non-Hodgkin lymphoma; CVL=Congenital vascular lymphangioma;  

 DCIS=Ductal carcinoma in situ; IDC=Invasive ductal carcinoma; ILC=Invasive lobular carcinoma; IBC=Inflammatory breast cancer; M=Mastectomy;  

 WLE=Wide local excision; SNB=Sentinel lymph node biopsy; AND=Axillary lymph node dissection; Recon=Breast reconstruction; mi=Micrometastasis; 

neo=Neoadjuvant; +ve=Positive; -ve=Negative 

 **Mammographically occult 
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Chapter 5: Late effects management of the thyroid 

 

There were 465 patients with a history of direct or scatter neck radiation attending the 

PMCC LE service. Four-hundred and sixty-four patients were at risk of thyroid 

malignancy as one patient had undergone a total thyroidectomy prior to exposure to 

thyroid radiation. Overall, the median age at thyroid radiation exposure was 15.7 (range 

0.2-63.7). The most common primary malignancies associated with thyroid radiation 

were CNS tumours (34.7%) and HL (29.3%) (Table 18). 

 

Table 18: PMCC LE cohort exposed to thyroid radiation 

 
 
Patients at risk of thyroid malignancy from thyroid 
irradiation 
  

 
 

464 
 

Female : Male  1 : 1.10 

Median age at thyroid irradiation (years, range) 15.7 (range 0.2-63.7) 

 
Primary malignancy 

 
n (%) 

 
Median age at thyroid 

irradiation (years, range) 

CNS 161 (34.7%) 10.8 (0.8-55.3) 

Hodgkin lymphoma 136 (29.3%) 25.3 (5.6-52.3) 

Leukemia 68 (14.7%) 12.9 (1.8-62.4) 

Non-Hodgkin lymphoma 36 (7.8%) 29.2 (1.6-63.7) 

Sarcoma 30 (6.5%) 7.7 (3.3-17.7) 

Wilm’s tumour 5 (1.1%) 4.4 (3.1-4.7) 

Other cancers 21 (4.5%) 35.1 (12.8-59.3) 

Benign 7 (1.5%) 12.8 (0.2-50.3) 

Abbreviation  CNS Central nervous system 
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Screening compliance  

 

Of the 464 patients exposed to neck irradiation, 416 patients were assessed for 

compliance with two-yearly screening thyroid ultrasound whilst attending the PMCC LE 

service. Forty-eight patient patients were excluded from assessment of compliance, most 

commonly due to a single attendance (n=23). Other reasons for exclusion were if a total 

thyroidectomy was performed (n=15) or arranged (n=3) prior to the first attendance, and 

those with a history of scatter thyroid irradiation who only attended prior to 01/01/2005 

(n=7).  

 

A compliance ratio of ≥0.5 (ie. 1 ultrasound every 2 years) was achieved in 76.9% of the 

patients assessed for screening compliance. Many patients were slightly below the 

compliance ratio, with 85.8% of patients achieving a compliance ratio ≥0.4 (ie. 1 

ultrasound every 2.5 years).  

 

 

 

Nodule incidence 

Overall, 272 patients exposed to thyroid irradiation had thyroid nodules, yielding a 

nodule prevalence of 62.1% (272/438) (Figure 6). Twenty-six patients did not have a 

thyroid ultrasound performed; the majority (53.8%) attended the PMCC LE service on 

only one occasion. Other factors for non-performance of screening ultrasound include 

attendance at the PMCC LE service prior to 2005 when ultrasound screening for scatter 

thyroid radiation commenced, other competing medical issues, patient non-compliance 

and clinician recommendation. One patient who did not have a thyroid ultrasound 

developed symptomatic suprasternal lymphadenopathy from a PTC metastasis whilst 

attending the PMCC LE service. The patient subsequently had an ultrasound to assess his 

lymphadenopathy but he never had a thyroid ultrasound.  
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Of the 272 patients with thyroid nodules, 17 presented symptomatically, of which 16 

presented prior to the first attendance at the PMCC LE service. One patient developed a 

symptomatic malignant thyroid nodule whilst attending the PMCC LE service. She was 

not being screened as she attended in the era just prior to routine screening for scatter 

thyroid irradiation; subsequent thyroid ultrasound and FNAC confirmed the presence of a 

malignant nodule.  

 

 

Figure 6: Ultrasound findings in patients exposed to thyroid radiation 

 

 

 

 

 

 

 

 

 

Management of thyroid nodules 

Overall, there were 93 operations performed on 89 patients. The pathology result was 

benign in 59 and malignant in 34 of the operations. Of the 34 malignant pathologies, 33 

were radiation-associated and 1 was a recurrent metastatic carcinoid to the thyroid from a 

lung primary and not considered radiation-associated. Eighteen of the thyroid 

malignancies were considered true positive malignancies; 17 were radiation-associated 

and 1 was the case of recurrent carcinoid.  Of the 17 radiation-associated true positive 

malignancies, 16 underwent surgery due to thyroid nodules and 1 underwent surgery due 

to symptomatic cervical lymphadenopathy. There were 15 incidental radiation-associated 

Exposed to thyroid 

irradiation = 464 

Normal = 156 Cyst = 10 Nodule = 272 No ultrasound = 26 
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thyroid malignancies and one “type unknown” malignancy due to limited clinical 

information (Table 19).  

 

Table 19: Thyroid malignancies in patients exposed to thyroid radiation 

 
Radiation-associated  

thyroid malignancy 

Metastatic Recurrence Total 

True positive 

malignancy 

16 : thyroid nodule 

1   : cervical lymphadenopathy  

       (No thyroid ultrasound) 

1 metastatic carcinoid 18 

Incidental 

malignancy 
15 0 15 

Type 

unknown 

malignancy* 

1 0 1 

Total 
33 1 34 

* “Type unknown” malignancy was considered when it was not possible to determine 

whether the malignancy was true positive or incidental based on available clinical 

information 

 

 

There were 288 nodule events in the 272 patients with thyroid nodules; 16 patients had 

two nodule events each (Table 20). One-hundred and five nodule events (36.5%) were 

investigated with FNAC. A Bethesda IV-VI result was obtained in 13 (12.5%), in which 

12 underwent operative management (92.3%), yielding a malignant result in 11 (91.7%), 

the majority being true positive malignancies (81.8%, n=9). Of note, there was one false 

positive Bethesda VI result for a follicular adenoma with an incidental contralateral 

2.5mm PTC. One patient with a Bethesda V result refused operative management and is 

well with stable nodules after more than 5 years of follow-up. A Bethesda I-III result was 

obtained in 91 nodule events (87.5%), in which 36 (39.6%) underwent operative 

management with a malignant result in 7 (19.4%); 4 (57.1%) were incidental 

malignancies. The only false negative Bethesda II (benign) result was when the fine 

needle aspirate (FNA) was performed freehand. Bethesda I-III nodules were operated on 
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mostly due to symptomatology, clinician or patient preference, or a change or growth in 

the nodule on subsequent ultrasound. Thyroid nodule FNAC was not performed prior to 

surgery in 45.6% (41/90) of operative cases; thyroid malignancy was detected in 14 cases 

(34.1%), of which 9 (64.3%) were incidental malignancies.  

 

 

Table 20: Thyroid nodule management (288 nodule events in 272 patients)** 

 
 

n 

Management 

Malignancy 

detected 

Malignancy type 

Non-

operative 
Operative 

 True 

positive 

nodule* 

Incidental 

Bethesda I 26 16 10 2 1 1 

Bethesda II 48 38 10 2 1 1 

Bethesda III 17 1 16 3 1 2 

Bethesda IV 4 0 4 3 2 1 

Bethesda V 5 1 4 4 4 0 

Bethesda VI 4 0 4 4 3 1 

FNAC 

performed, 

unknown 

result 

1 0 1 0 0 0 

Total FNAC 

performed 
105 56 49 18 12 6 

FNAC not 

performed 
181 140 41 14 5 9 

Unknown if 

FNAC 

performed 

2 0 2 1 
1 “type unknown” 

malignancy 

TOTAL 288 196 92 33 
17 15 

1 Type unknown 

Abbreviation  FNAC  Fine needle aspiration cytology 

*Malignancy was detected in the nodule/s for which the operation was performed. 

** This table does not include the patient with a true positive malignancy presenting with suprasternal 

lymphadenopathy without a thyroid ultrasound 
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Thyroid ultrasound performance in true positive malignancies 

Ninety-two of the 93 thyroid operations performed were preceded by a thyroid 

ultrasound. The performance of positive ultrasound features of microcalcification and 

increased internal vascularity was assessed in predicting a true positive malignant nodule 

(n=17) versus benign (n=59) and incidental malignant (n=15) nodules considered 

together. Eleven cases did not have an ultrasound report available to determine the 

presence of positive ultrasound features and was not considered in this analysis. Positive 

ultrasound features of microcalcification and/or increased internal vascularity had a 

sensitivity of 62.5% (10/16), specificity of 66.2% (43/65) and positive predictive value of 

31.2% (10/32) in detecting a true positive malignant nodule (Table 21). Sensitivity 

improved to 91.7% for the few nodules worked up with both ultrasound and FNAC that 

displayed either positive ultrasound features or returned a Bethesda IV-VI result (11/12 

cases). 

 

 

Table 21: Positive ultrasound features in true positive thyroid nodules**  

 True positive 

nodule (n=17) 

Benign (n=59) 

and incidental 

malignancies 

(n=15) 

Combined n=74 

Type 

unknown 

malignancy 

(n=1) 

Total 

USS suspicious* 10 22 0 32 

USS benign 6 43 0 49 

Thyroid USS  

not available 
1 9 1 11 

Total 17 74 1 92 

Abbreviation USS Ultrasound 

* USS suspicious = presence of nodule microcalcification or increased internal vascularity 

** This table does not include the patient with a true positive malignancy presenting with suprasternal 

lymphadenopathy without a thyroid ultrasound 
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Operations performed and complications 

Overall, there were 93 thyroid operations performed on 89 patients. Majority (78.5%) of 

the thyroid operations were total thyroidectomies (Table 22). Of the 34 thyroid 

malignancies, only one patient was managed with a hemi-thyroidectomy and was 

subsequently found to have an incidental 2mm PTC. The remaining thyroid malignancies 

were managed with total thyroidectomies. Twelve nodal operations were performed on 

10 patients (Table 23). There were 8 central lymph node dissections (CLND) performed, 

2 in conjunction with a lateral neck dissection (LND) and 6 prophylactically. Three of the 

6 prophylactic CLND were performed for a Bethesda V/VI result and 3 for a Bethesda 

I/II result. Three patients had a LND for positive lateral neck nodes clinically or on 

needle biopsy, two had papillary thyroid cancer and one had recurrent metastatic 

carcinoid. One patient had a non-diagnostic FNAC result for a suprasternal nodal PTC 

metastasis requiring an excisional biopsy followed by total thyroidectomy and RAI 

ablation therapy (without further nodal surgery); the thyroid did not contain any 

malignancy on pathology. Reported surgical complications are presented in Table 24 and 

are comparable to those generally reported in the literature for patients without prior 

radiation. One patient had a permanent RCLN palsy following a total thyroidectomy 

without lymph node surgery for a 6mm incidental PTC.  

 

Table 22: Thyroid operations  (n=93 in 89 patients) 

Operation n 

Hemi-thyroidectomy 16 

Delayed completion thyroidectomy 4 

Total thyroidectomy 73 

Total 93  
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Table 23: Thyroid nodal operations  (n=12 in 10 patients)   

Nodal operation n 

Central lymph node dissection 8 

Lateral lymph node dissection 3 

Suprasternal lymph node biopsy 1 

Total 12  

 

 

 

Table 24: Thyroid surgical complications 

Complication n 

Temporary Hypoparathyroidism / hypocalcemia 15 (16.1%) 

RCLN palsy – temporary 6 (6.5%) 

RCLN palsy – permanent 1 (1%) 

Wound infection / abscess 1 (1%) 

Abbreviation RCLN  recurrent laryngeal nerve 

 

 

 

Radiation-associated thyroid malignancies 

Overall, there were 33 patients with radiation-associated thyroid malignancy in 464 

patients exposed to thyroid irradiation, yielding a prevalence of 7.1%. Figure 7 shows the 

Kaplan-Meier curve for radiation-associated thyroid malignancy, stratified by the interval 

from completion of radiation until the first PMCC LE service attendance. From the initial 

cohort of 464 patients, 38 were excluded because 22 attended the PMCC LE service 

once, 10 had a radiation-associated thyroid malignancy prior to their first attendance and 

6 had a benign total thyroidectomy prior to their first attendance. Therefore, 426 patients 

and 19 thyroid malignancy events were included in the analysis. Fourteen thyroid 

malignancies were not considered because 10 were diagnosed prior to the first attendance 

and 4 were diagnosed after the last attendance. Most patients (39.4%) first attended the 

PMCC LE service 15+ years from completion of radiation. Overall, the incidence of 
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thyroid cancer was low across the different strata, though patients first seen 15+ years 

from completion of radiation had the highest incidence of radiation-associated thyroid 

malignancy; 7% and 8% had a radiation-associated thyroid malignancy at 5 and 10 years 

subsequent follow-up respectively (Table 25). The incidence of thyroid malignancy in the 

other strata ranged from 1-4% at 5 years and 2-4% at 10 years follow-up. The confidence 

intervals for thyroid malignancy incidence overlapped between the strata, likely owing to 

a low incidence overall.   

 

 

 

Figure 7: Kaplan-Meier curve for radiation-associated thyroid malignancy 
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Table 25: Freedom from radiation-associated thyroid malignancy at 5, 10 years follow-up 

 

Time from completion of thyroid 

irradiation until  

1st PMCC LE service attendance 

(years) 

Subsequent 

follow-up  

(years) 

Freedom from radiation-

associated  

thyroid cancer (%) [95% 

CI] 

0-5  5 96% [89%, 100%] 

0-5 10 96% [89%, 100%] 

5-10  5 99% [97%, 100%] 

5-10 10 96% [91%, 100%] 

10-15  5 98% [94%, 100%] 

10-15 10 98% [94%, 100%] 

15+  5 93% [89%, 97%] 

15+ 10 92% [88%, 96%] 

 

 

The rate of radiation-associated thyroid malignancy diagnosed under the guidance of the 

PMCC LE service was compared to the number that would be expected in a sample from 

the Australian general population of the same size and age distribution. Table 26 shows 

the number of patient-years and thyroid malignancy events observed in the sample for 

each 5-year age bracket, as well as the age specific incidence of thyroid malignancies per 

100,000 individuals in the general population174. Based on this, a total of 0.33 thyroid 

malignancies should be expected to occur in the PMCC LE sample if they had been taken 

from the Australian general population. Instead, to observe 19 malignancies in the PMCC 

LE sample equates to 57.6 times the expected number of cases and is highly significant 

(p<0.001). 
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Table 26: Thyroid malignancy incidence in the PMCC LE cohort versus the  

     Australian general population (source AIHW) 

 

Age Bracket 

(years) 

Patient-

Years 

Actual 

Events 

Population Incidence per 100000 

individuals 

15-20  69.5 0  1.6 

20-25 413.6 6  3.4 

25-30 395.4 0  6.8 

30-35 338.4 3  9.8 

35-40 340.5 3 12.5 

40-45 328.4 1 17.9 

45-50 226.9 0 18.8 

50-55 152.4 3 19.4 

55-60 137.5 2 20.7 

60-65 134.6 0 20.5 

65-70  90.5 1 20.6 

70-75  38.5 0 17.9 

75-80   8.0 0 15.4 

80-85   0.4 0 15.9 

85-90   0.1 0  8.7 

 

p<0.001 

 

 

The 33 patients with radiation-associated thyroid cancer had 36 thyroid malignancies 

because 3 patients had dual pathology in the thyroidectomy specimen. The 

clinicopathological features are outlined in Table 31. The median age at diagnosis of 

radiation-associated thyroid malignancy and the median interval from thyroid radiation to 

malignancy was 34.1 years old (range 12.2-69.1 years old) and 22.0 years (range 6.0-50.2 

years) respectively. The female to male ratio was 1 : 0.94.  
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Of the 33 patients with radiation-associated thyroid malignancies, 17 (51.5%), 15 

(45.5%) and 1 (3.0%) were considered true positive, incidental and type unknown 

respectively. The mode of presentation was symptomatic in 7 patients, screen-detected in 

25 patients and unknown in 1 patient. There was no significant association between mode 

of presentation and type of radiation-associated malignancy (Table 27) or the period of 

diagnosis prior to or after the first attendance at the PMCC LE service (Table 28). The 

patient with type unknown malignancy was excluded from these analyses.  

 

Table 27: Mode of presentation versus type of radiation-associated thyroid malignancy  

 True positive Incidental Total 

Symptomatic 5 2 7 

Screen-detected 12 13 25 

Total 17 15 32 

“Type unknown” patient with unknown mode of presentation excluded 

Fisher’s exact test, p=NS (0.40) 

 

Table 28: Mode of presentation versus diagnosis of thyroid malignancy prior to or after 

first PMCC LE service attendance 

 Diagnosed prior to 

1st PMCC LE 

attendance  

Diagnosed after 1st 

PMCC LE 

attendance  

Total 

Symptomatic 4 3 7 

Screen-detected 5 20 25 

Total 9 23 32 

“Type unknown” patient with unknown mode of presentation excluded 

Fisher’s exact test, p=NS (0.08) 

 

Of the 36 radiation-associated malignancies in 33 patients, the most common histology 

was PTC (88.9%, n=32), of which 34.4% (n=11) were multifocal and 12.5% (n=4) were 

node positive (Table 29). Radiation-associated thyroid malignancies presenting 
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symptomatically were more likely node positive than screen-detected ones (p=0.03) 

(Table 30).  

 

 

Table 29: Histology of radiation associated thyroid malignancies (n=36 in 33 patients) 

Histology n (%) Multifocal Node positive 

Papillary thyroid 

cancer 
32 (88.9%) 11 4 

Follicular thyroid 

cancer 
3 (8.3%) 0 0 

Medullary thyroid 

cancer 
1 (2.8%) 0 0 

Total  36 11 4 

 

 

Table 30: Mode of presentation versus nodal positivity 

 
Node positive  

Node negative or 

unknown 
Total 

Symptomatic 3 4 7 

Screen-detected 1 24 25 

Total 4 28 32 

“Type unknown” patient with unknown mode of presentation excluded 

Fisher’s exact test, p=0.03 

 

 

Based on the AJCC 7th edition stage175, all except 2 patients had Stage I disease (93.9%), 

primarily due to the young age at diagnosis (<45 years old) and the proportion of cancers 

that were small and incidental (45.5%). Therefore, a Wilcoxin non-parametric test was 

not performed to test for an association between mode of presentation and stage due to a 

lack of meaningful distribution of stage. 

 

Overall, RAI ablation was administered to 54.5% of patients with thyroid malignancies 

representing 88.2% and 13.3% of true positive and incidental malignancies respectively. 
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Two incidental malignancies were prescribed RAI ablation, one patient based on a past 

history of radiation exposure despite a low risk cancer and the other patient had small but 

extensive foci of PTC all measuring <1mm. The patient with “type unknown” 

malignancy also received RAI ablation. 



 102 

 Table 31: Clinicopathological feature of radiation-associated thyroid malignancies (36 malignancies in 33 patients) 

Pt Sex Primary malignancy 
Radiation field 

and dose (Gy) 

Age at 

thyroid 

radiation 

(years) 

Age at 

thyroid 

cancer 

(years) 

FNAC 

Bethesda 

category 

Operation Histology Stage 

Primary 

size 

(mm) 

Multifocal T N M RAI 

Malignancy 

type 

(benign 

component if 

incidental) 

Recur Death 

1 M Medulloblastoma 

Craniospinal 

(brain 50.4Gy, 
spine 23.4Gy) 

2 15 nil TT PTC 1 NA Y 2 X X* Y TP N N 

2 M Astrocytoma 

Craniospinal 

(brain 51Gy, 

spine 34Gy) 

4 12 nil TT PTC 1 12 Y 1a X 0 Y TP 
Local + 

systemic 
N 

3 M Hodgkin lymphoma 

Neck and 

mediastinal 

(36Gy) 

14 23 1 TT PTC 1 4 N 1a X 0 Y TP N N 

4 M Wilm’s 

Lung (20Gy + 

10Gy boost), 

abdomen (30Gy) 

4 32 2 TT PTC / MTC 1 / 2 25 / 34** Y / N 2 / 2 X 0 Y TP N N 

5 F Rhabdomyosarcoma 
Middle ear 
(50Gy) 

5 22 5 TT. CLND PTC 1 7 N 1a 0 X N TP N N 

6 M Ependymoma 
Brain, cervical 

cord (50.4Gy) 
15 23 3 TT PTC 1 20  Y 3 X 0 Y TP N N 

7 F ALL Brain (24Gy) 14 44 4 TT 
MI-FTC / 

PTC 
1 / 1 40 / 1.8 N 2 / 1 X X N TP N N 

8 M Medulloblastoma 

Craniospinal 

(brain 58.4Gy, 
spine 33Gy) 

3 35 4 TT PTC 1 18 Y 3 X 0 Y TP N N 

9 F Ewing’s sarcoma Left chest (34Gy) 7 25 5 
TT, CLND, 

LND 
PTC 1 12 N 1b 1b 0 Y TP N N 

10 M Astrocytoma Brain (50Gy) 39 50 5 TT PTC 1 9 N 1a X 0 Y TP N N 

11 M Hodgkin lymphoma Mantle (35Gy) 15 44 5 TT PTC 1 12 Y 1b 0 0 Y TP N N 

12 F Rhabdomyosarcoma 
Left face 

(50.4Gy) 
3 20 6 

TT, CLND, 

LND 
PTC 1 50 Y 3 1b 0 Y TP 

Raised 

Tg 

without 
focus 

N 

13 F Medulloblastoma 

Craniospinal 

(brain 55.8Gy, 
spine 23.4Gy) 

10 17 6 TT, CLND PTC 1 8 N 1a 1a 0 Y TP N N 

14 M Neuroblastoma 
Mediastinal 

(30Gy) 
1 39 nil 

TT, node 

resection 
PTC 1 0 N 0 1b 0 Y TP Systemic Y 

15 F Medulloblastoma 
Craniospinal 
(brain 54Gy, 

spine 30Gy) 

12 24 nil TT PTC 1 8 Y 1a X 0 Y TP N N 

16 F Astrocytoma Brain (45Gy) 11 52 nil TT PTC 4 25 Y 2 X 1 Y TP N 

Y 

neurolo
-gical  

17 F Fibrosarcoma 
Left tonsil 

(40Gy) 
3 34 

nil 

 
TT PTC 1 5 Y 1a 0 0 Y TP N N 

18 F ALL Brain (24Gy) 2 21 NA TT PTC / FTC 1 / 1 NA NA NA NA 0 Y 
Type 

unknown 
N 

Y 
uterine 

sarc- 

oma 
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Pt Sex 
Primary 

malignancy 

Radiation field 

and dose (Gy) 

Age at 

thyroid 

radiation 

(years) 

Age at 

thyroid 

cancer 

(years) 

FNAC 

Bethesda 

category 

Operation Histology Stage 
Primary 

size 

(mm) 

Multifocal T N M RAI 

Malignancy 

type (benign 

component if 

incidental) 

Recur Death 

 

19 

 

F Medulloblastoma 

Craniospinal 

(brain 50Gy,  

spine 35Gy) 

9 31 
nil 

 
TT PTC 1 8 N 1a X 0 X 

Incidental 
(MNG) 

N N 

20 F Medulloblastoma 

Craniospinal 

(brain 29Gy,  

spine 34Gy) 

4 18 1 TT PTC 1 5 N 1a 0 0 Y 

Incidental 

(hyperplastic 

nodules) 

N N 

21 M 
Hodgkin lymphoma 
 

 

Mantle up to 
nasopharynx 

(32Gy) 

16 57 nil*** TT PTC 1 2 N 1a X X N 
Incidental 

(MNG) 
N N 

22 F Medulloblastoma 

Craniospinal 

(brain 50.4Gy, 
spine 30Gy) 

3 22 2 TT, CLND PTC 1 1 N 1a 0 X N 

Incidental 
(MNG, 

hyperplastic 

nodules) 

N N 

23 M ALL 
Brain (18Gy), 
testicle (24Gy) 

6 37 3 TT PTC 1 2 N 1a X X N 

Incidental 
(follicular 

adenoma, 

nodular 
hyperplasia 

N N 

24 M Hodgkin lymphoma Mantle (38Gy) 23 57 4 TT PTC 1 4 N 1a X X N 

Incidental 

(adenomatoid 

nodule, 

MNG) 

N N 

25 M Hodgkin lymphoma 

Involved field left 

axilla and SCF 
(30.6Gy) 

29 35 6 TT, CLND PTC 1 2.5 N 1a 0 X N 

Incidental 
(oncocytic 

follicular 

adenoma) 

N N 

 

26 
 

  F Neuroblastoma 
Mediastinal 

(20Gy) 
9 months 39 

nil 

 
CT PTC 1 <1 Y 1a X 0 Y 

Incidental 
(colloid 

nodular 

change) 

N N 

27 F Hodgkin lymphoma Mantle (32Gy) 17 46 3 HT PTC 1 2 N 1a X X N 
Incidental 
(MNG) 

N 

Y – 

breast 

cancer 

28 F Strawberry nevus Chest (NA Gy) 2 months 50 nil TT PTC 1 6 N 1a X 0 N 
Incidental 
(NA) 

N N 

29 M Astrocytoma Brain (40Gy) 6 35 nil TT PTC 1 0.6 N 1a X X N 
Incidental 

(MNG) 
N N 

30 M Medulloblastoma 
Craniospinal 
(brain 55Gy,  

spine 35Gy) 

23 41 nil TT PTC 1 1.6 N 1a 0 X N 
Incidental 

(MNG) 
N N 

31 F Hodgkin lymphoma Mantle (NA Gy) 35 69 nil TT PTC 1 2 N 1a X X N 
Incidental 
(MNG) 

N 
Y - 

AMI 

32 M Medulloblastoma 

Craniospinal 

(brain 54Gy,  

spine 36 Gy) 

5 24 nil TT PTC 1 1.5 N 1a X X N 

Incidental 

(nodular 

hyperplasia) 

N N 

33 F Ewing’s sarcoma 
Cervical spine 

(44Gy) 
4 21 nil TT FTC 1 2 N 1a X X N 

Incidental 

(NA) 
N N 
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Abbreviations:  Gy = Gray; FNAC = Fine needle aspiration cytology; RAI = Radioactive iodine ablation; NA = not available; TP = true positive malignancy;  

  ALL = Acute lymphoblastic leukemia; TT = total thyroidectomy; CT = completion thyroidectomy (delayed); HT = hemithyroidectomy;  

  CLND = central lymph node dissection; LND = lateral neck dissection; PTC = papillary thyroid cancer; FTC = follicular thyroid cancer (MI-minimally invasive);  

  MTC = medullary thyroid cancer; MNG = multinodular goiter; SCF = supraclavicular fossa; Tg = serum thyroglobulin; AMI = acute myocardial infarction 

   

*Patient received RAI ablation but did not have an iodine-131 whole body scan performed due to significant cognitive impairment that would require a general anaesthetic  

**Size of medullary thyroid cancer based on ultrasound measurement 

***FNAC performed 9 years prior to surgery with Bethesda II result and considered as no recent FNAC.  
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Follow-up 

The median follow-up after diagnosis of thyroid malignancy was 8.5 years (range 0-

15.1 years). There were 3 recurrences; one patient was treated with RAI ablation for a 

raised thyroglobulin without a focus; two patients developed both local and pulmonary 

recurrences at 2 and 10 years post thyroid malignancy, one of whom one died. This 

patient originally presented with a suprasternal nodal metastasis at age 39 and was Stage 

1. The only patient with Stage 4 disease was alive and well at 7.4 years post thyroid 

cancer diagnosis.  

 

The median follow-up for the entire cohort exposed to thyroid radiation was 28.5 years 

(range 4.6-60.9 years) from thyroid radiation; there were 29 deaths (6.3% of cohort), 

mostly due to other subsequent malignancies (Table 32). 

 

Table 32: Deaths in the PMCC LE cohort exposed to thyroid radiation 

Cause n 

Brain tumour (radiation-associated) 

Brain tumour (primary recurrence) 

Breast cancer 

Thyroid cancer 

Bowel cancer 

Gastric cancer 

Lung cancer 

Carcinoma unknown primary 

Uterine sarcoma 

Lymphoma 

4 

4 

4 

1 

1 

1 

1 

1 

1 

1 

Medical cause 4 

Accident 1 

Unknown 5 

TOTAL 29 
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Chapter 6: Discussion 

 

Survivors of CAYA malignancies have a great burden of subsequent primary 

malignancies. In the PMCC LE cohort of 534 patients treated with radiation, 29% 

(n=155) of the patients had another invasive malignancy, the majority occurring within 

the field of previous radiation therapy. Consistent with findings from the CCSS cohort, 

the most common malignancies were NMSC, breast and thyroid malignancies2. 

Furthermore, subsequent malignancies were the leading cause of death in the PMCC LE 

cohort, which is mainly represented by long-term survivors more than 15 years beyond 

their primary malignancy. Subsequent brain tumours, sarcoma and breast cancer were 

particular lethal. Late mortality from SMN has also been observed to surpass other 

causes of death in patients more than 20 years from primary diagnosis in the CCSS 

cohort9.  

 

A Kaplan-Meier time-to-event analysis was performed for radiation-associated breast, 

thyroid and solid malignancy events from the time of the patient’s first attendance at the 

PMCC LE service. A similar analysis with the time of primary diagnosis as the 

beginning point was also considered. However, such an approach will be prone to 

significant bias as patients seen many years after their primary diagnosis will have an 

immortal time bias over a patient seen closer in time to their primary diagnosis. 

Nonetheless, the time-to-event analyses for breast, thyroid and solid malignancy events 

demonstrate that the group seen furthest in time from completion of radiation ie.15+ 

years have the highest risk of a radiation-associated malignancy. This finding is 

consistent with the long latency of radiation-associated malignancies and reinforces the 

importance of long-term ongoing active surveillance. Moving forward, it may be 
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possible to stratify or even personalize the intensity and type of surveillance based on 

information such as the patient’s time since primary treatment and other clinical 

parameters. 

 

The incidence of radiation-associated breast and thyroid malignancy was compared to 

the age-specific incidence of breast and thyroid cancer in the Australian general 

population. A similar comparison could not be performed for solid malignancies 

because the AIHW does not collect data for NMSC, which is not a notifiable disease; 

NMSC was the most common malignancy in the PMCC LE cohort. Compared to the 

general population, the risk of breast malignancy was increased 11.2 times. However, 

this may be a slight overestimation as two of the index breast cancers in the PMCC LE 

cohort were DCIS and the AIHW does not code for DCIS as a breast cancer; instead it 

is coded separately as a carcinoma in-situ together with lobular carcinoma in-situ. In the 

general population, the incidence of DCIS is low compared to invasive breast cancer 

(14.4 versus 122.5 per 100000 women) and therefore the magnitude of overestimation is 

likely to be small173,179. In light of this, the risk of breast cancer in the PMCC LE cohort 

is similar to that reported in Ibrahim et al.’s meta-analysis of HL survivors (SIR 8.23) 

and the CCSS cohort (SIR 9.8).  

 

In contrast, the incidence of radiation-associated thyroid malignancy in the PMCC LE 

cohort was increased 57.6 times compared to the age-specific incidence in the 

Australian general population, with a 10-year incidence of 8% in patients first seen in 

the PMCC LE service 15+ years after thyroid irradiation. For comparison, the CCSS 

and BCCSS cohorts of CAYA malignancy survivors report a 14-18 times risk compared 

to the general population and a 20-year cumulative incidence of 2.2% in those receiving 
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10-40Gy6,7,94. This markedly higher thyroid cancer incidence in the PMCC LE cohort 

compared to the general population and other CAYA malignancy cohorts is probably 

due to the performance of surveillance ultrasound which does not occur in the general 

population and may not occur to the same extent in large populational cohorts of CAYA 

malignancy survivors. Services that perform surveillance thyroid ultrasound for CAYA 

malignancy survivors exposed to thyroid irradiation122,124-126 report a similar prevalence 

of thyroid malignancy as the PMCC LE cohort (7.1%).   

 

At present, there is no consensus regarding the optimal screening strategy in patients 

exposed to thyroid irradiation.  Due to the excellent prognosis of differentiated thyroid 

cancer, most guidelines44,46 recommend annual clinical thyroid examination only and 

reserve ultrasound for patients with palpable nodules. However, palpation can be 

insensitive and miss nodules that potentially harbour a significant malignancy112. Hence 

there are advocates for routine screening ultrasound119 and many late effect services that 

implement ultrasound surveillance122,123. Whilst acknowledging the risk of over-

diagnosis and overtreatment, of the 17 true positive radiation-associated thyroid 

malignancies, 12 were screen-detected, in which 4 cases (33.3%) were either pT3 (n=2), 

node positive (n=1) or had metastatic disease (n=1). This suggests that screening 

ultrasound will detect clinically relevant cancers. Furthermore, of the 7 patients with 

symptomatic radiation-associated thyroid malignancies, 3 patients required more than 

standard surgery (2 lateral neck dissection, 1 suprasternal lymph node excision), and 2 

of the patients subsequently recurred, including the only thyroid cancer death in the 

cohort. Potentially, ultrasound surveillance may have allowed for earlier diagnosis, less 

extensive surgery and improved outcome as proposed by a recent review by Clement et 
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al.131, showing that detection of DTC at an earlier stage is associated with lower 

recurrence and mortality rates131.  

 

Despite the controversies, ultrasound is an essential tool in predicting malignancy risk 

and guiding the selection for FNAC of thyroid nodules120. Ultrasound features with a 

high specificity (>90%) for malignancy include microcalcifications, nodule 

hypoechogenity, irregular margins, extra-thyroid extension and being taller than wide in 

shape120,180. Although nodule hypervascularity is observed in 40-70%181-183 of thyroid 

malignancies, it lacks specificity with the majority (58-81%) of hypervascular nodules 

returning a benign result181,184. However, despite this knowledge, this study was only 

able to assess two ultrasound features, namely microcalcification and increased internal 

vascularity due to the nature of information generally available in thyroid ultrasound 

reports. These two ultrasound features, when reported, were only 62.5%% sensitive and 

66.2% specific for thyroid malignancy, emphasizing the need to better characterize the 

malignancy risk of thyroid nodules detected in the PMCC LE cohort in order to better 

guide management. Such strategies may include the recommendation for committed 

thyroid specialists only to perform and report thyroid ultrasounds185, the implementation 

of synoptic reporting of thyroid nodules and cervical lymph nodes and a standardized 

system to allow tracking of changes on serial ultrasounds186.  

 

Furthermore, as recommended by the ATA120, these results support the use of thyroid 

nodule FNAC in the assessment of thyroid nodules. This additional information would 

seem particularly relevant in the setting where specialist ultrasound reporting is not 

widely available. In the nodules subjected to FNAC, a Bethesda IV-VI result was 

associated with a high rate of malignancy (91.7%), whereas a Bethesda II result was 
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associated with a benign pathology or incidental malignancy in 90% of operated cases 

Therefore, a benign result can be reassuring and avoid unnecessary surgery. The one 

case of a falsely benign cytology occurred in the setting of a freehand FNA performed 

in 2000, prior to widespread practice of FNA under ultrasound guidance. Additionally, 

in patients with prior neck radiation, the ATA recommends a lower size threshold than 

the generally suggested 1cm for FNAC given a higher pre-test probability of cancer. 

This study supports the recommendation given the smallest thyroid malignancy 

associated with lymph node positivity was only 8mm. However, despite 

recommendations, FNAC was not performed in 45.6% of patients prior to surgery in 

this cohort, a finding also noted by Ho et al., where pre-operative FNAC was not 

performed in 57.6% of thyroid cancers in CAYA malignancy survivors123.  

 

An obvious counter argument against the use of FNA and perhaps screening ultrasounds 

altogether would be the occurrence of incidental malignancies, serendipitously found on 

histopathology assessment. Indeed, 15 of the 33 cases of radiation-associated thyroid 

malignancies in this series were incidental; the smallest malignancy was a 0.6mm PTC 

within a multinodular goiter. There is paucity of data to predict the behavior of these 

tiny incidental cancers in the setting of prior radiation and to recommend a 

thyroidectomy could be considered overtreatment. Although the review by Clement et 

al. found that diagnosis of DTC at an earlier stage is associated with improved outcome, 

this conclusion cannot be over-generalized to justify removal of microscopic thyroid 

cancer131. Similarly, even though our study had an impressive thyroidectomy 

malignancy rate of over 30%, similar to that reported in historical series115, it cannot 

rationalize surgery without adequate workup. Rather, as outlined above, expert clinical 
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and ultrasound surveillance with use of FNAC where indicated would seem a more 

prudent approach to avoid potential overtreatment. 

 

In practice, survivors of CAYA malignancy have many factors that impact their 

decision. These may include the patient’s inability or reluctance to undergo ultrasound 

surveillance and FNAC due to cognitive, psychological, physical or social reasons and 

their desire to avoid another malignancy. Furthermore, between different eras, there has 

been a shift in the approach to thyroid nodule management, with possibly a lower 

threshold to offer surgery in the past.  

 

Recently, there has been growing interest in active surveillance of patients with 

micropapillary carcinoma132,134. Although this strategy has not been investigated in the 

population of childhood cancer survivors and not practiced by the PMCC LE service, a 

patient who refused surgery for a Bethesda V nodule remains well with stable nodules 

on ultrasound after more than five of follow-up. However, should such an option be 

offered, the patient must be objectively presented with the pros and cons of each 

approach and supported in the decision-making process. Active surveillance of 

malignancy may not be a palatable option in a young and healthy survivor of cancer, 

whereas a patient with significant health issues may prefer to avoid surgery. 

 

Compliance with screening in a CAYA malignancy survivors has only been scarcely 

reported in the literature and not to the same level of detail as this study48,63,64. A 

commonly used definition for compliance with screening mammography is to have had 

at least one in the last 2 years for women aged 40-49 and once in the past year for 

women aged 50 and above187. Although this definition may demonstrate recent 



 112 

compliance, it does not portray a long-term commitment to screening which is required 

for surveillance of radiation-associated malignancies with a long latency. This study has 

used a different approach to measure of compliance in order to provide a better gauge of 

commitment to screening over the duration of clinic attendance. Compliance with breast 

screening was defined as a compliance ratio of ≥0.8 (ie. at least 1 screen event every 

1.25 years) instead of 1.0 (ie 1 screen event every 1 year). This more liberal screening 

interval was used to reflect at least an intention for annual breast screening whilst 

allowing for minor scheduling changes. Arguably, compared to the PMCC LE service 

surveillance guidelines, the definition for thyroid screening compliance was more 

lenient than for breast screening compliance given thyroid nodules were common and 

should be undergoing annual screening. This may be a factor in observing higher 

compliance with thyroid screening than breast screening (76.9% versus 28.6%). 

However, tightening the thyroid compliance ratio to reflect annual screening will deem 

a compliant patient with a normal thyroid non-compliant; alternatively, allowing for 

changes to the definition of compliance for a patient that develops nodules in a 

previously normal thyroid will pose logistic issues.     

 

This study has not explored the reasons for non-compliance. This was not possible from 

the information available in the patient’s medical records, which did not specifically 

contain details to address this matter. Nonetheless, issues that featured prominently in 

the PMCC LE cohort that may impact screening compliance include childbearing, 

breastfeeding, family and work commitments and other medical issues. Certainly, 

reasons for non-compliance need to be assessed in order to devise a plan and implement 

strategies to improve screening compliance.  
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Internationally, well established guidelines recommend annual mammography and MRI 

for women treated with ≥20Gy chest irradiation before age 30, beginning 8 years after 

radiation or age 25, whichever occurs later41,45,47. However, breast MRI is not 

specifically recommended in the PMCC LE surveillance guidelines due to Medicare 

funding constraints172. Therefore, mammography was the predominant mode of breast 

screening and 92.9% of breast malignancies were visible on mammography. Due to the 

sporadic use of breast MRI in only 9.3% of women exposed to chest radiation, only one 

additional malignancy was detected with breast MRI. There is evidence that breast MRI 

will detect more cancers in CAYA malignancy survivors exposed to chest radiation56-59. 

In a prospective trial of annual mammography and breast MRI over 3 years, breast MRI 

detected nearly 40% more breast malignancies than with mammography alone57. 

Mathematical modeling predicts that early screening from age 25, in particular with 

breast MRI will reduce breast cancer mortality61. Although the incremental gain from 

additional early mammography was small, the model did not consider DCIS, which can 

sometimes only be detected only on mammography as microcalcifications56,57.   

 

Breast ultrasound was sporadically used for screening in the PMCC LE cohort, either as 

the sole screening modality or in combination with mammography.  This was due to 

factors such as the lack of funding for breast MRI and a desire to avoid further radiation 

exposure especially in young women. In populational screening, the European Group 

for Breast Cancer screening have provided a consensus statement against the use of 

ultrasound as the sole modality for screening188. It is not unreasonable to extrapolate the 

concerns raised by the group to women exposed to chest irradiation, both in regards to 

high rates of false negative results leading to false reassurance and false positive results 

leading to unnecessary further investigation. Nonetheless, the American College of 
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Radiologists and the Society of Breast Imaging have recommended that adjunct 

ultrasound in addition to mammography for screening may be a valid option 

particularly for women with dense breast who are high risk of breast cancer and unable 

to have breast MRI, or intermediate risk below the threshold for breast MRI189. In 

populational screening, adjunct ultrasound can detect an additional 3.6-4.4 cancers per 

1000 screens in women with dense breasts, however false positive results can lead to 

additional intervention (mostly needle biopsies) and surgical biopsy in 5.5% and 0.84% 

of screens respectively190,191. Breast density was sporadically reported in the PMCC LE 

cohort, although reports of female HL survivors treated with chest radiation have 

reported at least moderate breast density in 52-79%49,50. 

 

The clinicopathological features of the radiation-associated breast and thyroid 

malignancies in the PMCC LE cohort were similar to reports of 

breast20,24,28,34,51,52,54,55,65-75 and thyroid cancers6,95,96,113,122-125,135,136 in other cohorts of 

CAYA malignancy survivors. The median age at thyroid cancer was 34.1 years, 

occurring after a median latency of 22.0 years. Most radiation-associated thyroid 

malignancies were papillary thyroid cancers (88.9%) of which 34% were multifocal; the 

rate of nodal positivity was lower than in other series of CAYA malignancy survivors 

(12.5% versus 25-62.5%) possibly owing to non-routine performance of central lymph 

node dissection and the proportion of incidental malignancies (45.5%). Although 

thyroid cancer was the second most common invasive malignancy (n=33), prognosis 

was good with only one thyroid cancer death.  

 

Similar to reports of breast cancer in other late effects populations, breast malignancies 

in the PMCC LE cohort were more often bilateral (16.7%), most commonly invasive 
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ductal carcinomas (82.1%), located in the upper outer quadrant (48.1%), managed with 

mastectomy (89.3%) and rarely treated with radiation therapy (3.6%). The median age 

at diagnosis of breast malignancy was older than that reported in Ibrahim et al.’s meta-

analysis (49.3 versus 35.0 years old) and the majority were HR positive (84.0%), in 

contrast to series that report a higher proportion of HR negative cancers (27-49%). This 

may point to an element of “sporadic” breast cancer in the PMCC LE cohort, but 

importantly gives optimism to the role of endocrine prevention in this high-risk 

population. Tamoxifen has been demonstrated to reduce HR positive breast cancers by 

48% in prevention trials90 and has recently been added to the Australian Pharmaceutical 

Benefits Scheme for prevention of breast cancer in women whose breast cancer risk is 

more than 1.5 times the average population risk192. 

 

An assessment was made for an association between the mode of presentation and the 

time of diagnosis prior to or after the PMCC LE service attendance as well as cancer 

stage. Breast cancers diagnosed after the patient’s first attendance were significantly 

more likely to be screen-detected, probably reflecting a higher likelihood of undergoing 

screening than prior to attending the service. Although there was a trend that screen-

detected breast cancers were earlier stage, this did not reach statistical significance. 

Possible factors include the few number of cases, confounded by the level of breast 

screening compliance which was often unknown for patients diagnosed with breast 

cancer prior to attending the service.  

 

There was no association between the mode of presentation of radiation-associated 

thyroid malignancies and whether it was diagnosed prior to or following the patient’s 

first PMCC LE service attendance. This was likely due to involvement of an endocrine 
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specialist prior to attending the service for issues such as hypopituitarism from cranial 

irradiation or ovarian failure from pelvic irradiation and gonadotoxic therapies. An 

association between mode of presentation and thyroid cancer stage was not performed 

as all except two cancers were stage 1. Importantly, a significant association between 

symptomatic thyroid malignancies and nodal positivity was observed. Although nodal 

involvement does not impact the stage for patients younger than 45, nodal status has 

been demonstrated in large populational studies to impact survival, even in those 

younger than 45141,142. This study supports the importance of nodal status, given the 

only thyroid cancer death occurred in a Stage 1 patient who presented with symptomatic 

cervical lymphadenopathy.   

 

Limitations to this study include its retrospective nature. Although a prospective study 

would be able to provide a superior level of evidence, it would require a prolonged 

study period to observe the number of events that have occurred in the PMCC LE 

cohort given the long latency of radiation-associated malignancies. A retrospective 

approach has allowed assessment of a long observation period and capture of late effect 

malignancies diagnosed prior to commencement of this study. This has facilitated a 

timely assessment of more events. However, the accuracy of this study’s results is 

limited by the quality and completeness of information available in the patient’s 

medical records, particularly when patients were lost to follow-up or had lapses in their 

clinic attendance. For example, assessment of compliance to screening required the total 

number of screen events within the period of attendance to the service. Despite 

thorough assessment of the medical records and careful correlation between clinic 

correspondence and investigation results, undocumented screen events may lead to 

falsely classify a patient as non-compliant.  
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Centralized review of pathology and radiology was not performed primarily due to 

logistic issues that would involve recalling a large number of investigations from many 

sites, often performed many years ago. This imposed limitations, such as the restriction 

in the assessment of ultrasound features to predict malignancy to just microcalcification 

and increased interval vascularity as these two features were most commonly 

commented on in general radiology reporting. Furthermore, the Bethesda classification 

was not routinely used in thyroid FNAC reporting and therefore a Bethesda category 

had to be assigned after review of the microscopic description rather than the cytology 

specimen. Due to the era of some breast pathology reports, information about HR and 

HER-2 status was not available for some patients.  

 

The PMCC LE cohort is a select group of patients that has either been clinician-referred 

or self-referred to the service. Therefore, the results from this study may not be 

reflective of CAYA malignancy survivors outside this dedicated service, where 

knowledge and experience regarding late effect issues are likely to be less. A survey of 

North American family physicians revealed that most (85%) were happy to care for 

CAYA malignancy survivors in collaboration with a late effects service. However, 

experience was often limited, with 81% caring for two or fewer such patients in a five-

year period193. Furthermore, knowledge of surveillance guidelines was lacking, with 

only 16% of family physicians193 and 66% of paediatric oncologists194 identifying the 

correct breast surveillance recommendation. This is reflected in a survey of CCSS 

participants, where only 17.8% received medical care regarding late effects risk 
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management and screening despite most (88.8%) having received some form of medical 

care in the preceding 2 years195.  

 

In Australia, the true “denominator” of survivors at risk of radiation-associated 

malignancy is unknown62. There are many challenges to identification and recall of 

patients, especially those treated many decades ago that arise from issues such as the 

accessibility and quality of patient records, documentation of disease and treatment, 

changes to patient’s name and address etc. This is reflected in studies reporting recall 

rates of 28-58% for women at increased risk of breast cancer due to chest radiation for 

HL48-50,53. It is the opinion of the Royal Australian and New Zealand College of 

Radiologists (RANZCR) that it is very unlikely that patients lost to follow-up can be 

recalled by the system of most Australian oncology units62.  Therefore, the RANZCR 

advocates providing informed consent regarding therapy together with prospective 

identification and counseling of patients at completion of treatment62. Patients already 

lost to follow-up may become aware of their late effect issues and seek medical 

consultation through initiatives to promote awareness in the community and amongst 

GP’s and medical specialists.   

 

Importantly, the late effects observed in patients attending the PMCC LE service reflect 

the consequences of historical therapies. As both radiation and systemic therapies 

evolve to become more refined, precise and individualized, late effects reflecting these 

treatment interactions will only be available with ongoing observation. Clinical 

evidence may differ from estimations from risk modeling due to complex interactions 

between many factors. A single institutional series of HL survivors treated with low-

dose radiation and chemotherapy reported similar rates of SMN, including sarcoma, 
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breast cancer and thyroid cancer compared to studies using high-dose radiation98. This 

contrasts with mathematical modeling, where the transition from a historical 35Gy 

mantle field to 20Gy involved field radiotherapy for HL is predicted to substantially 

reduce the risk of breast cancer by 77%196. Similarly, newer forms of radiotherapy such 

as proton beam therapy are theorized to deliver a negligible dose to the breast compared 

to traditional photon radiation in patients receiving craniospinal irradiation197. On the 

other hand, transition from high-dose to low-dose radiotherapy regimes may have 

unique implications for thyroid cancer risk due to its linear quadratic dose response 

curve; thyroid cancer risk may remain stable or even increase with a reduction in 

radiotherapy dose97,98. Likewise, modern chemotherapy regimes, for example ABVD 

(adriamycin, bleomycin, vinblastine, dacarbazine) for HL is less gonadotoxic than the 

mostly outdated MOPP (mechlorethamine, oncovin, procarbazine, prednisolone) 

regime. Therefore, patients may not reap the benefits of early menopause on breast 

cancer risk due to gonadotoxic therapy23,198.  

 

In regards to terminology, “radiation-induced” has been widely used in the late effects 

literature to describe malignancies arising after radiation. However, the word “induce” 

implies causation, which at present cannot be proven because a genetic or histological 

signature for radiation causation has not been identified. This study has instead used the 

term “radiation-associated” and has defined malignancies as radiation-associated purely 

based on the anatomical site of the malignancy in relation to the radiation field. This 

simplistic classification may however over-classify malignancies as radiation-

associated, where in fact the cause may be multifactorial and related to other patient or 

treatment related factors. 
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Finally, although this study focuses on malignancies arising from radiation therapy, one 

must appreciate that it is just one aspect of the complex, multisystem issues that this 

unique group of patients often present. Challenges can arise from managing concurrent 

competing matters that impact the biopsychosocial wellbeing of the patient. Arguably, 

this level of complexity may not be as prevalent in other populations at increased risk of 

malignancy. In this regard, the PMCC LE service is invaluable in providing an 

individualized, multidisciplinary, evidence-based approach to the management of long-

term cancer survivors.  
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Chapter 7: Conclusion 

 

The last three decades have seen the recognition of late effects endured by survivors of 

CAYA malignancy, particularly malignancies in those exposed to radiation. This study 

has observed a significant burden of subsequent primary radiation and non-radiation 

associated malignancies in patients exposed to therapeutic radiation attending the 

PMCC LE service. In particular, radiation-associated malignancies occurred in patients 

after a long latency and were the leading cause of death in this cohort, reinforcing the 

importance of ongoing long-term follow-up of this unique population of patients.  

 

Breast and thyroid malignancies were common in patients who received radiation to the 

region, occurring 11.2 and 57.6 times more than expected in the Australian general 

population respectively. However, compliance with breast screening was poor and 

coupled with funding constraints to perform screening breast MRI maybe limiting the 

potential benefits of screening this high-risk population. In comparison, compliance 

with thyroid screening in patients exposed to thyroid irradiation was fair. However, the 

high incidence on thyroid nodules, together with possibly a lower threshold to operate 

in this population may have contributed to an element of over-diagnosis of small 

incidental thyroid malignancies. To this end, findings from this study advocate the use 

of ultrasound features combined with FNAC in the management of thyroid nodules. 

 

The future will hopefully bring evidence that the progress made with modern cancer 

therapy will be translated to the minimization of late effects. In the meantime, research 
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to better understand the pathogenesis, risk modifying factors, natural history and 

secondary prevention strategies for radiation-associated malignancies is imperative. 

This will allow clinicians to provide an individualized, comprehensive multisystem risk 

management and surveillance strategy for survivors at risk of late effects - an iatrogenic 

disease of success. 
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