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ABSTRACT 

 

Background: Stage I Seminoma is treated with surgery followed with either adjuvant 

radiation therapy (RT) or a period of surveillance. Surveillance has emerged as a 

preferred management method, however there have been no randomized controlled trials 

comparing RT and surveillance.  

 

Aim: To describe the incidence, management, and outcome in early stage seminoma 

patients in Ontario over time. To examine the relationship between patient characteristics 

and post-operative management methods (adjuvant RT versus surveillance). To examine 

the relationship between post-operative management methods (adjuvant RT versus 

surveillance) and patient outcome.  

 

Hypothesis: The adoption of surveillance as a management option post-orchidectomy 

has increased over time with no resulting decrease in overall survival in an Ontario 

population.  

 

Material and Methods:  We performed a retrospective population-based cohort study of 

patients with surgically resected seminoma in the Canadian province of Ontario between 

1982-2004 using data from the Ontario Cancer Registry. The population was enriched for 

stage I by excluding patients with evidence of metastasis. Patients were divided into time 

cohorts of 4 -5 years in length. Multiple logistic regression was used to identify patient 

and system factors associated with the use of RT. Kaplan-Meier survival analysis was 

used to assess overall, cancer specific, and relapse free survival. Cox proportional 

hazards model was used to assess the effect of patient and system factors on patient 

survival.  

 

Results: Age-adjusted seminoma increased from 2.25 per 100,000 males in 1980-1981 to 

2.94 per 100,000 males in 2004-2005. Adjuvant RT use in early stage seminoma patients 

has declined from 88.9% in 1983 to 32.2% in 2004. There has been no significant 
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worsening of overall, cancer specific or relapse free survival between patients diagnosed 

in 1982-1986 and those in later years. Controlling for other factors in a Cox proportional 

hazards model, no significant change in overall survival was found over time.  

  

Conclusion: The incidence of seminoma has increased over time. Over the course of the 

study period, use of adjuvant RT has decreased. While controlling for other factors, there 

has been no significant decrease in overall survival. The decreasing use of adjuvant RT 

has not adversely affected these patient outcomes.  
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CHAPTER 1: INTRODUCTION AND RATIONALE 

1.1 Background: 

In Ontario testicular cancer is the most common cancer among men aged 20 – 44 (1). 

With an overall 5 year survival for testicular cancer in Ontario of 97%, the cancer is 

highly curable even at the more advanced stages. Seminoma accounts for the greatest 

number of testicular cancer cases, accounting for 54% of testicular cancers in Ontario (1). 

Over 70% of seminoma patients present with stage I disease. In a preliminary analysis of 

Ontario data, we found 86.4% of seminoma patients diagnosed in 2003 and 2004 were in 

stage I.   

 

After initial investigations, all testicular cancer patients undergo surgical removal of the 

affected testis or orchidectomy. Traditionally, patients with stage I seminoma received 

radiation to the para-aortic lymph nodes after surgery as this where recurrence would 

most likely appear. Radiation was given even if there was no evidence of any remaining 

disease since historically, the risk of death from recurring seminoma was high. This is 

known as adjuvant radiation treatment. However, surveillance is now the preferred post-

surgical management strategy in Ontario and in other cancer systems (2, 45). With the 

introduction of cisplatin-based chemotherapeutic agents combined with improved 

sequential CT scanning technology, it is now possible to detect relapses earlier and treat 

them much more effectively (7-11). Survival from stage I seminoma is extremely high, 

with American data showing a 10-year survival of >99% (6). Radiation treatment 

increases the risk for cardiac disease, second malignancies and other short and long term 

toxicities (3-5). Therefore the perceived need for radiation treatment, along with its host 
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of adverse side effects, has decreased. In stage I seminoma, the option has arisen to only 

give radiation or chemotherapy after concrete evidence of recurring disease is found.  

 

There have been a number of single institution studies that have suggested surveillance 

may be an acceptable management option for stage I seminoma patients (12-19). Single 

institution studies have inherent disadvantages pertaining to the scope of the patient 

population and the treating physician’s biases. Further, the actual uptake of this strategy 

in practice and the effect this uptake has had on patient outcomes is unknown.  

 

More recently one smaller British Columbia study and two European population-based 

studies have further suggested that surveillance is a safe and preferred alternative to post-

surgical stage I seminoma management (20-21, 106). However this is the largest 

Canadian study to date.  

 

1.2 Hypothesis:  

The adoption of surveillance as a management option post-orchidectomy has increased 

over time with no resulting decrease in overall survival in an Ontario population.  

 

1.3 Study Design:  

This was a retrospective, population-based, cohort study that investigated the changes in 

patterns of management in stage I seminoma patients post-orchidectomy and the impact 

of these changes on patient outcomes. This study utilized the division of Cancer Care and 

Epidemiology (CCE) database from the Cancer Research Institute at Queen’s University. 
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The CCE database includes the Ontario Cancer Registry (OCR), regional cancer centre 

databases, and Canadian Institute of Health Information (CIHI) hospital databases. 

Subjects were patients who had histologically confirmed seminoma between 1982 and 

2004 who had undergone radical inguinal orchidectomy. Patients were not classed by 

stage in the cancer databases of Ontario. However, the study population was enriched for 

stage I patients through exclusion criteria. The patient population were divided into 

separate cohorts based on time of diagnosis. The division of seminoma patients into these 

time cohorts represented a natural experiment as we expected great variation in the use of 

adjuvant radiation therapy across time. The primary outcome of interest was survival. 

 

1.4 Empirical Objectives: 

1. Describe the incidence, management, and outcome in early stage seminoma 

patients in Ontario over time.  

2. Examine the relationship between patient characteristics and post-operative 

management methods (adjuvant radiation therapy versus surveillance).  

3. Examine the relationship between post-operative management methods (adjuvant 

radiation therapy versus surveillance) and patient outcome.  

 

1.5 Thesis Organization:  

This thesis conforms to the regulations outlined in Queen’s School of Graduate Studies 

and Research “General Forms of Theses”. The second chapter of this thesis is a literature 

review outlining testicular cancer, the management of seminoma, physician behaviors 

and adoption of new practices, and population-based studies. The third chapter describes 
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the data collection and analysis techniques used in the thesis. The fourth chapter 

describes the results including the incidence of testicular cancer and seminoma, 

univariate explorations of the patient population, analysis of patients with surgery, 

analysis of adjuvant radiation therapy use, multivariate explorations of odds for adjuvant 

radiation therapy, univariate survival analysis, multivariate survival analysis, acute and 

long term morbidity analysis, and investigation of second cancers. The fifth and final 

chapter consists of the overall summary, a discussion of the main findings, strengths and 

weaknesses of the study, conclusions, and finally future research directions.  
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CHAPTER 2: LITERATURE REVIEW 

2.1 Testicular Cancer Incidence 

Testicular cancer is a heterogeneous group of cancers that is predominantly a disease of 

young, Caucasian males. Testicular cancer represents approximately 1% of all male 

cancers.  In Ontario, testicular cancer is the most common cancer in men between the 

ages of 20 and 44 (1). The incidence rate of testicular cancer has been increasing steadily 

in Ontario, the rest of North America and in Europe (1, 22). In Ontario between 1983 and 

1999, the incidence rate has increased 2.2% per year from 6.7 to 9.0 per 100,000 in males 

between 20 and 44 (1). The reason for this increase is unknown. There have been some 

postulated theories including viral exposures, environmental exposures including in-utero 

exposure to diethylstilbestrol, and trauma (23,24). In Ontario, incidence increases from 

age 15 onward and peaks between the ages of 25-29 (25,26).  

 

2.2 Risk Factors for Testicular Cancer 

There are few known risk factors for testicular cancer. Because it occurs at a relatively 

early age, prenatal factors have been raised as possible risk factors (30). Young, 

Caucasian men are at increased risk (31, 6). The incidence for African Americans males 

is a quarter of that of Caucasian males. This is corroborated by worldwide incidence 

studies with lower incidence in Africa and Asia compared to Europe especially 

Scandinavian countries (27, 28) However American data also shows increasing incidence 

among African American males over time with a doubling between 1998 and 2001 (29). 

The reasons for this are also unknown.  
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Other major risk factors for testicular cancer are cryptorchidism or undescended testis, 

family history and history of previous testicular cancer (32, 33). Case control studies 

have reported odds ratios in the range of 2.5 to 14 for cryptorchidism (32). In Danish and 

UK studies, 2.7% of patients with previous testicular cancers went on to develop a second 

primary malignancy in the contralateral testis (34-37). Family history is a strong risk 

factor with brothers of men with GCTs having an 8-10 fold increase in risk (33). Other 

conditions, such as trauma, viral infection such as HIV, hydrocele, mumps orchitis, and 

inguinal hernia have also been associated with the disease (33,38).  

 

2.3 Testicular Cancer Pathological Classification 

In general, 95% of testicular cancers are germ cell tumors (GCTs) (30). GCTs are further 

divided into two major groups: seminomas and non-seminomas. The other 5% of cancers 

that occur in the testis include stromal tumors, lymphomas and metastasis from other 

primary cancers. Among GCTs, approximately 90% occur in the testis with the other 

10% occurring in extragonadal sites including the mediastinum and the retroperitoneum 

(30).  

 

2.3.1 Carcinoma in situ 

Also called intracellular germ cell neoplasia, unclassified (IGCNU), it is the precursor 

lesion for most of the seminomas and non-seminomas. Of the cancers in the testis, only 

spermatocytic seminoma and the non-seminomas, teratomas and yolk sac tumors, do not 

originate from IGCNU (40). One of the major events that lead IGCNUs to become 
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invasive cancers is loss of the short arm or p arm of chromosome 12. This genetic 

anomaly is commonly seen in seminomas and non-seminomas (40).  

 

2.3.2 Seminomas 

In Ontario 54% of testicular cancers are seminomas (1). They most commonly affect 

males in the fourth decade of life, becoming the most common GCT after the age of 35. 

Low level elevation of beta human chorionic gonadotropin (b-HCG) and elevated lactate 

dehydrogenase (LDH) may be seen. However seminomas do not secrete α-fetoprotein 

(AFP). Approximately 70-80% of patients present with stage I disease and 15-20% with 

stage II disease (41). In a preliminary review of Ontario cancer data for the years 2003-

2004 when staging information was available, we found that 86.4% of seminoma patients 

were stage I.  

 

Two other subtypes of seminomas beside classic seminoma have been histologically 

differentiated. Anaplastic seminoma was found to have the same prognosis as similarly 

staged classic seminoma and have been merged with classic seminoma according to the 

WHO. Spermatocytic seminomas have an excellent prognosis after surgery (42). 

Spermatocytic seminoma represents less than 2% of testicular GCTs, often are found in 

older men and do not originate from IGCNU.  

 

Two important prognostic factors for stage I seminoma have been identified from a 

pooled analysis of four surveillance studies (43). On multivariate analysis cancerous 

invasion of the rete testis (HR 1.7, 95% CI 1.1-2.6) and tumor size (<4 cm versus >4cm, 
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HR 2.0, 95% CI 1.3-3.2) were important predictors of relapse. Patients with none of the 

prognostic factors (tumor <4 cm and no cancerous invasion into the rete testis) had a 5 

year relapse rate of 12.2% while patients with both prognostic factors had a 5 year relapse 

rate of 31.5%. 

 

2.3.3 Non-seminomatous germ cell tumors (NSGCT) 

This is a heterogeneous group of cancers that predominantly affects young men. It is the 

most common GCT under the age of 35 (30). As a group it comprises the other half of 

testicular GCTs. There are four main types and often patients can present with mixed 

cancers that may also include seminomas. Mixed GCTs are always treated as NSCGTs 

regardless of the presence of seminoma. The prognosis for NSGCTs is worse than for 

pure seminomas.  

 

Embryonal carcinoma: 85% of NSGCTs contain embyonal carcinomas (44). They are 

more aggressive with up to two-thirds of patients presenting with nodal involvement. 

Common characteristics include tumor necrosis and hemorrhage.  

 

Yolk Sac Tumor: 40% of NSGCTs contain yolk sac tumors (44). It is often seen in 

mediastinal GCTs in its pure form but rarely so in adult testicular cancers. It secretes 

alpha-fetoprotein. 

 

Teratomas: 50% of NSGCTs contain teratomas (30). They are rarely seen in a pure form 

in adults. Teratomas are tumors that contain elements from all three germ cell layers. In 
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the adult setting, teratomas are treated as malignant neoplasms. Teratomas are often seen 

in a pure form in children under the age of four and are almost always benign in that 

setting.  

 

Choriocarcinoma: 10% of NSGCTs contain choriocarcinomas (44). As a pure cancer, 

choriocarcinomas are extremely aggressive and have the worst prognosis. Widespread 

metastases are usually seen along with high levels of serum b-HCG. Tumor hemorrhage 

is a common feature and is a complication at metastatic sites.  

 

2.3.4 Stromal Tumors 

Non-GCT tumors comprise less than 5% of testicular cancers and the majority of these 

are stromal tumors (45). The two main types of tumors in this category are leydig cell 

tumors and sertoli cell tumors.  

 

2.4 Natural History of Testicular Cancers 

Seminomas mainly spread through the lymphatic system in an orderly fashion. The initial 

spread is to the retroperitoneal lymph nodes that reside by the aorta, also known as para-

aortic lymph nodes (46). The lymphatic vessels from the testis follow the testicular vein 

to the retroperitoneum mainly between L1 and L3. From there further spread continues 

through the lymphatic vessels to the mediastinum. Hematogenous spread is seen rarely in 

seminoma but can occur in lung, liver, bone and brain (47).  
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Non-seminomas also have a similar lymphatic progression but spreads by the 

hematogenous route more frequently when compared to pure seminomas (48).  

 

2.5 Diagnostic Work-Up 

A thorough history and physical examination is completed with emphasis on the risk 

factors for testicular cancer such as cryptorchidism, family history, previous trauma etc. 

The physical exam would search for signs of metastasis such as abdominal or 

superclavicular masses in addition to a testicular mass. An ultrasound of the mass should 

be performed next which will commonly find testicular microlithasis (49). A surgical 

operation is the next step which is both diagnostic and therapeutic. A radical inguinal 

orchidectomy is done which is the complete removal of the affected testis and the 

spermatic cord from an inguinal incision.  

 

Laboratory tests are done before surgery to establish the presence of any serum markers 

and to establish baseline blood counts and biochemistry. As noted previously the three 

serum markers in testicular cancers are lactate dehydrogenase (LDH), alpha-fetoprotein 

(AFP) and beta-human chorionic gonadotropin (b-HCG). LDH, AFP and b-HCG are 

often elevated in non-seminomas while b-HCG and LDH, but not AFP, can be elevated in 

seminomas (50).  

 

Radiological studies are conducted and include chest x-rays and CT scanning of the 

chest, abdomen and pelvis to evaluate for nodal spread and distant metastasis.  
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2.6 Staging of Testicular Cancers 

Testicular cancer is staged with the TNM system: in stage I disease the cancer is confined 

to the testis, in stage II the cancer has spread to the retroperitoneal lymph nodes, and in 

stage III the cancer has metastasized above the diaphragm (51).  

 

2.7 Mortality  

The disease is highly curable even in the more advanced stages, therefore the mortality is 

low.  The overall five-year survival rate for all testicular cancers in Ontario is 97% (1). 

For seminoma specifically, from American data, 10-year survival from stage I seminoma 

is >99%, 10-year survival from stage II seminoma is >95% and 10-year survival from 

stage III seminoma is 74.7% (52). 

 

2.8 Management of Testicular Cancer 

Testicular cancer patients including those with seminoma initially undergo diagnostic 

tests followed by a radical inguinal orchidectomy or the complete surgical removal of the 

affected testis as mentioned in 2.5. The cancer is then staged according to the TNM 

system as mentioned in 2.6 and diagnosed pathologically according to the classifications 

described in 2.3.  

 

2.9 Management of Stage I Seminoma 

In stage I seminoma, radiation treatment after surgery without any evidence of remaining 

disease, otherwise known as adjuvant radiation treatment, once constituted the standard 

of care. The radiation was directed to the to the para-aortic lymph nodes with possible 
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inclusion of the inguinal area. However, surveillance as a post-orchidectomy 

management strategy is now preferred in Ontario (2). Treatment with radiation results in 

long-term toxicities including increased risks for cardiac disease, infertility and second 

malignancies (3-5). Increased risks of solid cancers of the stomach, pancreas, and bladder 

were found in 10 year survivors and remained elevated for 35 years. There was also a two 

to three-fold increased risk for leukemia (53).  

 

Approximately 85% of patients with stage I seminoma are cured by orchidectomy alone 

as on average only 15% of patients managed through surveillance relapse (41, 12-19). 

Even with today’s advanced imaging technology, it is still impossible to predict which 

85% of patients are cured and which 15% of patients will go on and relapse despite 

removal of the testis. Historically, radiation treatment was given to all patients because of 

this dilemma despite the suspected acute and long-term adverse effects of radiation since 

the risk of death from recurring seminoma was high. With improved sequential CT 

scanning technology, it is now possible to detect relapses earlier and with the advent of 

new cisplatin-based chemotherapeutic agents, it is now possible to treat relapses much 

more effectively (7-11). With such effective salvage therapy on recurring disease, the 

perceived need for radiation treatment, along with its host of adverse side effects, has 

decreased. Therefore, in stage I seminoma, which represents the vast majority of 

seminoma patients, the option has arisen to only give therapy whether it be radiation or 

chemotherapy after concrete evidence of recurrent disease is found.  
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Observational studies have shown that 99% of patients with stage I testicular seminoma 

are cured regardless of the post-orchidectomy management including surveillance alone 

(54). Single institution prospective studies, one smaller Canadian study and more recently 

two European population-based studies show that 5-year relapse free rate for radiation 

treatment is between 95-99.5% while 5-year relapse free rate for surveillance is 

approximately 85%, but there is no reduction in overall survival (12-21, 106). In those 

that are not cured initially with surgery, with appropriate salvage therapy patients rarely 

die from their disease. A disadvantage of surveillance as a post-orchidectomy 

management strategy is that follow-up requires more visits and imaging to detect possible 

relapse. Non-compliance to the follow-up schedule may lead to advanced cancer as 

occult disease will not be detected. This would require more aggressive treatment for a 

cure.  

 

Despite a lack of randomized controlled trials comparing surveillance with adjuvant 

radiation therapy (RT), current seminoma treatment guidelines including the Ontario 

Seminoma Management Guidelines issued by Cancer Care Ontario now recommend 

surveillance as the preferred management method for stage I seminoma patients (2).  

 

Additionally surveillance has also been recommended as a post-surgical management 

method for clinical stage I non-seminomatous germ cell tumors (112). Equivalent overall 

survival of approximately 100% was achieved with either surveillance, retroperitoneal 

lymph node dissection, or chemotherapy post surgery for stage I non-seminomas. Relapse 

free survival for suveillance in this group is between 20 and 25% at 5 years (112).  
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2.10 Radiation Therapy 

RT involves the use of ionizing radiation capable of displacing electrons from molecules 

creating free-radicals. Free radicals go on to damage DNA and other molecules. Normal 

body tissues are able to repair this damage whereas cancer cells are not and will die.  

 

RT is given in dosages measured in Grays which is equivalent to 1 joule of energy 

absorbed by 1 kg of tissue. The total dose of RT is split or fractionated into smaller doses 

given with intervals of rest. This allows normal tissues to repair.  

 

2.11 Radiation Therapy and Wait Times 

Wait times has been an important issue in the Canadian healthcare system with important 

national studies such as the Romanow and Kirby Reports closely examining the problem 

(55, 56). Wait times for RT became an important issue as evidenced when from 1982 to 

1991 RT wait times increased by 62.9%, 105.6%, 158.3%, and 178.7% respectively for 

prostate cancer, cervical cancer, non-small cell lung cancer, and laryngeal cancer (57).  

 

There are a few ways to measure RT wait times. The prevailing wait time is defined as 

the median wait time at a cancer centre for a certain group of patients from date of 

diagnosis till first date of RT (58).  However wait times for radiation can also be divided 

into three parts (57). The first part is from diagnosis to referral for radiation. The second 

part is from referral for radiation to first visit or consult with a radiation oncologist. And 

the third part is from first consult with the radiation oncologist to first RT session.  
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2.12 Radiation Therapy in Stage I Seminoma 

No randomized studies involving surveillance in seminoma exist but there have been two 

randomized trials of RT in early stage seminoma that have led to reductions in the field 

and the amount of radiation given as well as a third comparing RT with chemotherapy 

(59-61). The traditional radiation treatment field in seminoma involved irradiating both 

para-aortic lymph nodes and the ipsilateral inguinal lymph nodes also called dog-leg 

(figure 1). Reductions in field have called for only irradiating the para-aortic lymph 

nodes.  

 

 
 

Figure 1: Left – Para-aortic and inguinal lymph node radiation field or dog leg.  

Right – Para-aortic lymph node radiation field only. Figure adapted by permission from 

Leibel Phillps Textbook of Radiation Oncology, 2004. (83)  

 

The trial in 1999 compared RT to para-aortic lymph node or to para-aortic and inguinal 

lymph nodes in stage I seminoma patients. The 3 year relapse free survival was similar 
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(96% and 96.6% respectively) but more relapses were in the inguinal area for those who 

only received para-aortic irradiation (59). Acute toxicities were lower and sperm counts 

were higher for patients who underwent reduced field RT.  

 

The second trial in 2005 compared radiation dosages of 30 versus 20 Gy in stage I 

seminoma patients. It found a non-significant hazard ratio of 1.11 for relapse free 

survival at a median of 61 months of follow up in favour of the 20 Gy group (60). The 

study was powered to exclude absolute differences of 3% at 2 years of follow up. The 

patients who received 20 Gy had less moderate to severe lethargy and more were able to 

carry out normal tasks by 4 weeks when compared to the 30 Gy group.  

 

2.13 Chemotherapy in Stage I Seminoma 

A trial in 2005 compared adjuvant RT to a single dose of adjuvant carboplatin in stage I 

seminoma patients. It found the 3 year relapse free survival was 95.9% and 94.8% in the 

RT and carboplatin group respectively (61). The hazard ratio was non-significant at 1.28. 

The study was also powered to exclude differences of greater than 3%. Patients who had 

undergone carboplatin therapy reported less lethargy and less time off from work.  

 

Since that study, a number of guidelines including Cancer Care Ontario (CCO) have 

included adjuvant chemotherapy as an option for treating stage I seminoma (2, 107, 108). 

Advantages include equivalent cure rates in the short term and better acute toxicity 

compared to adjuvant RT, however long term survival and long term toxicity in 
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comparison to RT is unknown. Patients are still required to undergo frequent follow up 

for relapse.  

  

2.14 Population-based Studies  

Even after overcoming obstacles in the dissemination and the adoption of new medical 

treatments, better patient outcomes cannot be expected to automatically follow. There are 

issues of generalizability as RCTs, often the basis for the adoption of new medical 

treatments, are conducted on an extremely select group of patients who are closely 

monitored and scrutinized (62, 63). Additional considerations in actual practice include 

whether the treatment is available, if the correct cases for treatment are selected, and 

whether the treatment is being correctly prescribed and delivered (64). Because of these 

issues it cannot be assumed that the new intervention will have the same effect in the 

general patient population as it did in an RCT (65).  

 

Population-based studies, sometimes referred to as phase IV studies, are needed to 

provide “real world” information on the uptake, safety and effectiveness of the 

intervention. In addition, it will be possible to evaluate the appropriateness of the 

treatment or care delivered to the patients. Therefore population-based studies are useful 

in confirming or refuting the effectiveness of a particular treatment in the general patient 

population and may sometimes be used in place of RCTs (65). 

 

No formal phase III study or RCT has been conducted in seminoma between surveillance 

and radiation treatment and there may never well be. Firstly, seminoma, despite being the 
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most common cancer among young men, is a rare disease making it difficult to conduct a 

well-powered RCT (1, 66). Although clinical trials have been conducted to test different 

regimens of radiation treatment and chemotherapy in seminoma, the primary outcome of 

interest was disease relapse which occurs at a much higher rate than death allowing for 

smaller sample sizes. To conduct an RCT to test non-inferiority or equivalence in 

survival would require a far larger sample size. Also more than 10 years of patient 

follow-up would be needed to measure radiation treatment related morbidity such as 

cardiac events and second malignancies.  

 

Secondly and perhaps more importantly is the belief now in many cancer centres that 

radiation treatment is unnecessary in stage I seminoma. Although the actual uptake of 

surveillance is unknown, the fact that a surveillance guideline recommendation has been 

made based only on single institution, prospective studies adds evidence that surveillance 

as a management strategy may be ingrained among oncologists. Under this situation, it 

may not be possible to conduct a proper RCT because of the prevailing opinion that an 

RCT is unnecessary (66). The most appropriate way to study surveillance and radiation 

treatment would be through the impact of inadvertent variations in practice. Utilizing the 

whole patient population and using variations in physician practices as the driving 

difference, it is possible to treat a retrospective, observational study as a natural 

experiment. Because of these issues, a population-based study of surveillance in stage I 

seminoma would be the first and best test of effectiveness.  
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2.15 Adoption of New Practices and Physician Behavior Change  

Traditionally the academic process stopped once the research findings are published. In 

today’s environment, incorporating new knowledge generated from thousands of RCTs 

published every year into routine physician practices has proven difficult (67, 68). In 

addition, conventional approaches such as journal review articles, continuing medical 

education and published guidelines are not effective in promoting practice changes (67, 

69). There is now an established need for a theoretical framework to guide research in 

physician practice change (70). A number of theories incorporating social and 

psychological models on organizational and behavioral change have been proposed (67, 

71-73).  

 

Grimshaw and Grol identified three basic issues influencing the uptake of evidence into 

medical practice: attributes of the evidence, barriers to change, and the effectiveness of 

strategies used to disseminate or implement the change (67). Application of an innovation 

becomes more difficult as more collaboration between disciplines or complex changes in 

practice and organization of care is needed. These complex innovations come up against 

barriers to change which have been roughly divided into a number of levels: patient, 

individual practitioner, healthcare team, healthcare organization, and the wider 

environment (74-76). Examples of individual practitioner barriers include clinical 

uncertainty, sense of competence, motivation and information overload while barriers 

within the wider environment include financial disincentives, organizational constraints, 

and perceptions of legal liability (76). A number of interventions aimed at changing 
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practice have been investigated; these include continuing medical education (conferences, 

small workshops), dissemination of guideline materials, use of opinion leaders, academic 

detailing or educational outreach, audit and feedback, target payments, mass media and 

tailored interventions (67,75,77-82).  

 

Within the context of seminoma, as the Ontario guidelines have only recently been 

updated to reflect the growing amount of evidence supporting surveillance, its 

contribution to the adoption of surveillance will be very limited and additionally, it can 

never be assumed that the publication of a guideline will result in practice change (2, 69). 

In terms of the attributes of the evidence, the rationale used to endorse surveillance is 

based on observational studies. There are also a number of potential barriers to change. 

These include oncologist biases, physician or hospital referral patterns, resources 

available to support a surveillance management option, and the organizational structure 

of the hospital including whether the treating institution is an academic centre or not. On 

the other hand factors for the adoption of surveillance include journal reviews, original 

research articles and opinion leaders. There is certainly a gap in knowledge about what 

the extent of adoption of surveillance is in Ontario and what the factors for or against 

adoption are. 
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2.16 Patient and System Factors  

A number of patient factors may affect treatment, outcome or both. Three are highlighted 

here:  

 

2.16.1 Age 

The majority of testicular cancer patients will be men below the age of 50. However it is 

known that spermatocytic seminoma usually affects men over the age of 40 with a mean 

age of 54 (42, 83). Age is also a factor in receiving RT, with younger patients more likely 

to receive RT compared to older patients (84, 85). Reasons for this are unclear but can 

range from lack of awareness to ageism.  

 

2.16.2 Socio-economic status 

Socio-economic status (SES) as measured by median household income has been shown to 

be associated with the affordability of RT services (84). Implicit costs of treatment, including 

parking, gas, or time taken off work may act as a deterrent to those with a lower income. 

Lower median household income is also associated with a lower awareness of RT as patients 

may not have exposure to RT services through their education or through their social 

networks.  

 

2.16.3 System factors 

In Ontario RT services are provided by regional cancer centers across the province (Toronto, 

Ottawa, Kingston, Sudbury, Thunder Bay, London, Windsor, Hamilton, and, Kitchener). As 

these services are fully covered by the Ontario Health Insurance Plan (OHIP) the patient does 

not make any direct payment for any consultations or RT treatments.  
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However inequities are present still as waiting lists for RT continue to exist. These waiting 

lists have been associated with RT use in Ontario as patients from counties with longer wait 

time were prescribed a smaller number of fractions of RT (58). Distance is also an issue as 

patients living further away or patients living in counties without a regional cancer center 

were less likely to receive RT compared to those who lived closer to a cancer centre or those 

who lived in counties that had a cancer centre (84, 85).  

 

2.17 Summary of Rationale for Stage I Seminoma Population-based Study 

Since January of 2008, the Ontario Seminoma Management Guidelines issued by Cancer 

Care Ontario has adopted surveillance as the preferred management strategy for stage I 

seminoma post-orchidectomy (2). Retrospective studies do show patterns of acute and 

chronic radiation treatment-related toxicities such as second malignancies and cardiac 

toxicities (3-5). These treatment-related toxicities are important in light of the following:  

 

 99% of patients with stage I testicular seminoma are cured regardless of the post-

orchidectomy management including patients opting for surveillance alone (12-

21).  

 In Ontario over 85% of seminoma patients present with stage I disease 

 

Since the relapse free rate of patients under surveillance is roughly 85%, if all patients 

with stage I seminoma were given adjuvant radiation treatment 85% of patients who were 

cured by orchidectomy alone would be unnecessarily exposed to treatment-related 

toxicities. However, there have been no randomized studies of surveillance in stage I 

seminoma. Further, the actual uptake of this strategy in practice in Ontario and what the 
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effect this uptake may have had on patient outcomes is unknown. At the time of study 

design, this was the first population-based study to describe the management of stage I 

seminoma and to evaluate the effect of management on patient outcomes.  
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CHAPTER 3: METHODS   

3.1 Empirical Objectives:  

1. Describe the incidence, management, and outcome in early stage seminoma 

patients in Ontario over time.  

2. Examine the relationship between patient characteristics and post-operative 

management methods (adjuvant radiation therapy versus surveillance).  

3. Examine the relationship between post-operative management methods (adjuvant 

radiation therapy versus surveillance) and patient outcome.  

 

3.2 Study Design:  

This was a retrospective, population-based, cohort study that investigated the changes in 

patterns of management in stage I seminoma patients post-orchidectomy and the impact 

of these changes on patient outcomes. This study utilized the division of Cancer Care and 

Epidemiology (CCE) database from the Cancer Research Institute at Queen’s University. 

The CCE database included the Ontario Cancer Registry (OCR), regional cancer centre 

databases, and Canadian Institute of Health Information (CIHI) hospital databases. 

Subjects were patients who had histologically confirmed seminoma who had undergone 

radical inguinal orchidectomy. Patients were not classed by stage in the cancer databases 

of Ontario. However, the study population was enriched for stage I patients through 

exclusion criteria. Patients were divided into cohorts based on date of diagnosis. The 

primary outcome of interest was survival. 
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3.3 Sources of data 

This study utilized the division of Cancer Care and Epidemiology (CCE) database from 

the Cancer Research Institute at Queen’s University. The CCE database includes the 

Ontario Cancer Registry (OCR), regional cancer centre databases, and Canadian Institute 

of Health Information (CIHI) hospital databases. The OCR database is a passive registry 

originally created for cancer surveillance, healthcare projects and epidemiologic research 

(87). It captures every cancer diagnosis that occurs in the province of Ontario. All 

patients in Ontario who had been diagnosed with seminoma were identified through the 

OCR database which is linked to the regional cancer centre and CIHI hospital databases. 

A recent study investigating the quality of OCR data for survival analysis found that, on 

the whole, the data to be accurate and of high quality (87). In that study data from 

patients with head and neck cancer from the OCR database was compared to equivalent 

data from the same patients in a benchmark prospective database from the Kingston 

Regional Cancer Centre created specifically for epidemiological studies. The OCR data 

matched the Kingston dataset 87.3% of the time for major agreement of site of cancer. 

OCR date of diagnosis was within 1 month of the date of diagnosis in the Kingston data 

91.5% of the time. Vital status was accurate for 712 of 713 patients.  

 

The OCR database contains patient information on variables important to this study: 

International Classification of Disease - version 9 (ICD-9) site codes, International 

Classification of Disease for Oncology (ICD-O) histology codes, date of diagnosis, date 

of birth, place of residence at diagnosis, vital status, date of death, and cause of death. 

Patient data on hospital admissions and surgical procedures from CIHI have already been 
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linked to the OCR. The hospital separation records in the OCR and the linked CIHI 

hospital database contain information about hospital admissions including: type of 

hospital, hospitalization (admission date, discharge date), admitting diagnosis, co-

morbidities, and procedures. Radiation therapy (RT) data from the eight regional cancer 

centres and the Princess Margaret Hospital is also linked to the OCR database. Important 

information on dates of first and last radiation treatment, body region irradiated, and 

treatment intent were gathered from this database.   

 

A number of specific variables of interest were also identified as worthy of investigation: 

age, histology, and socioeconomic status (SES). Age was broken down into 10-year 

divisions. Seminoma histology was split into pure, anaplastic and spermatocytic 

seminoma. SES was previously captured through the patient’s census area median 

household income by linking their postal code to Statistics Canada data and was split 

according to quintiles.  

 

Other additional health care system factors that were examined include: distance to 

nearest cancer centre and diagnosis hospital size. Distance to nearest cancer centre was a 

crude measure taken as the geodesic distance from the geographic mid-point of that 

patient's census area to the nearest cancer centre. Diagnosing hospital size was measured 

by number of hospital beds.  
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3.4 Study Population          

Different patient populations were used during analysis 

Study Population Number: 

No. 1. All patients in Ontario with a histologically confirmed germ cell testicular 

cancer diagnosed from 1980 to 2006. Used to describe incidence.  

No. 2. All patients in Ontario with a histologically confirmed seminoma diagnosed 

from 1980 to 2006. Used to describe incidence.  

No. 3. All patients in Ontario with a histologically confirmed non-seminoma diagnosed 

from 1980 to 2006. Used to describe incidence.  

No. 4. All patients in Ontario with a histologically confirmed seminoma diagnosed 

from 1982 to 2004.  Used for analysis of surgery among seminoma patients.  

No. 5. All patients in Ontario with a histologically confirmed seminoma diagnosed 

from 1982 to 2004 who had undergone a radical orchidectomy and enriched for 

Stage I. Used for analysis of RT use and for patient outcomes such as overall 

survival, cancer specific survival, and relapse free survival.  

 

The stage of seminoma for each patient, an important factor affecting treatment, was not 

captured in the OCR database. In an examination of a cross-section of OCR data from 

2003-2004 that did contain staging information, 86.4% of seminoma patients were found 

to be stage I, 9.1% were stage II and 4.5% were stage III.  A number of exclusionary 

criteria were used to enrich the study population for stage I seminoma: Patients with 

documented metastasis within 180 days of surgery were excluded. Patients identified as 

palliative within 180 days of surgery were excluded. Patients who had received any 
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chemotherapy or RT to the chest or brain within 180 days of surgery were also excluded. 

Patients who had passed away within 180 days of surgery were excluded. Through these 

exclusion criteria, the patients in this study were enriched for stage I seminoma. Patients 

with a combination of seminoma and non-seminoma were considered as non-seminoma 

patients. Patients with a primary extragonadal seminoma were excluded from all study 

populations. 

 

For analyses involving management, the study population was reduced from 1980-2006 

to 1982-2004 because of incomplete radiation therapy data and surgery data for the years 

of 1980, 1981, 2005, and 2006.  

 

3.5 Statistical Analysis 

All statistical analysis used a two-tail test for significance with p values of <0.05. All 

statistical analysis were conducted on SAS for Windows Version 9.2. 

 

Incidence and Patient Characteristics 

3.5.1 Incidence 

The yearly crude incidence rates for all testicular cancers, seminoma, and non-seminoma 

were calculated using study populations 1, 2, and 3. These were then standardized to the 

1991 Ontario population. Bi-yearly standardized incidence rates were calculated as well. 

Finally the incidence by age for seminoma, non-seminoma, and all testicular cancers was 

calculated using cases from 1990-1999 only.  
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3.5.2 Patient Characteristics 

Using study population 5, descriptive statistics were used to describe patient 

characteristics. Patients were divided into five time cohorts of 4 to 5 years: 1982-1986, 

1987-1991, 1992-1996, 1997-2000, and 2001-2004. Patient characteristics were then 

examined by these cohorts.  

 

Frequency tables were created and all comparisons were made with the chi-square test. 

Patient factors examined include treating cancer centre or catchment area, age, histology, 

SES, and institution related characteristics which include number of beds of diagnosing 

hospital and distance from place of residence to treating cancer centre.  

 

Management 

3.5.3 Surgery 

Using study population 4, patients receiving surgery were compared against those not 

receiving surgery by cohort and by patient characteristics. Frequency tables were created 

and all comparisons were made with the chi-square test.  

 

3.5.4 Radiation Therapy 

Using study population 5, patients who had received RT within 180 days after 

orchidectomy were categorized as having received radiation treatment. Patients who had 

no documented radiation treatment within 180 days after surgery were identified as being 

managed through surveillance only. 180 days was chosen as it likely would capture all 

cases treated with adjuvant RT. This would come at the expense of possible 
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misclassification from relapses occurring earlierthan 180 days treated with RT also. 

However the majority of relapses undergo chemotherapy treatment and if treated this way 

should minimize inclusion of relapses within our adjuvant RT definition (106).  

 

Of the patients who were managed through RT, median time to RT from time of surgery 

was calculated by year and time cohort. The proportion of patients managed through 

surveillance or adjuvant RT was examined over time and by time cohort. Odds ratios 

(OR) for RT versus no RT (surveillance) were calculated for a number of variables 

including time cohort, age, SES, histology, and treating cancer centre/catchment area. A 

multivariate logistic model was also applied to calculate the ORs for RT versus no RT.  

 

3.5.5 Radiation treatment volumes 

Using study population 5, dog-leg RT was defined as radiation to the para-aortic lymph 

nodes plus either iliac or inguinal lymph nodes whereas non-dog-leg or para-aortic RT 

was defined as radiation to the para-aortic lymph nodes only. Frequency tables were 

created between dog-leg RT and para-aortic RT and divided by the time cohorts. A 

frequency table showing yearly comparisons was also created. All comparisons were 

made with the chi-square test.  

 

3.5.6 Chemotherapy 

As our study population predates the evidence for use of adjuvant chemotherapy in stage 

I seminoma (61), we will not be investigating adjuvant chemotherapy use but will use 
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chemotherapy in general as a marker of more advanced disease or relapse as described 

elsewhere.  

 

Outcomes 

All analyses were done using study population 5.  

 

3.5.7 Survival 

The primary outcome of interest in this study was overall survival or overall time to 

death. Kaplan-Meier estimates of survival were used. Overall survival was measured 

from time of diagnoses onwards until date of death. Overall survival was compared 

between time cohorts and by the other patient factors including treating cancer centre or 

catchment area, age, histology, and SES. Comparisons were made with the log-rank test.  

 

3.5.8 Cancer Specific Survival 

Cancer specific survival was measured from time of diagnoses onwards until date of 

death attributable to cancer. From our data it was not possible to attribute death to 

seminoma explicitly but as the majority of these patients are young males, death from 

another second cancer should be a rare event. Cancer specific survival was compared 

between time cohorts and by the other patient factors including treating cancer centre or 

catchment area, age, histology, and SES. Comparisons were made with the log-rank test.  
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3.5.9 Relapse free survival 

Relapse was defined as any chemotherapy or RT from 180 days post-surgery onwards, 

any diagnosis of cancer at secondary sites from 180 days post-surgery onwards, or any 

lymph node procedure from 180 days post-surgery onwards. Time-to-event analysis with 

Kaplan-Meier estimates of survival was used. Relapse free survival was measured from 

time of diagnoses onwards until day of relapse, death or censor date. Relapse free 

survival was compared between time cohorts. Comparisons were made with the log-rank 

test.  

 

3.5.10 Multivariate survival analysis: Cox’s proportional hazards model 

Cox’s proportional hazards model was applied to find the hazard ratio for death by time 

cohort. A multivariate model was used with age, SES, and histology included as other 

variables. The system related variables such as treating cancer centre, distance to cancer 

centre, and size of diagnosing hospital were omitted because those variables would be too 

closely correlated to RT use. Including them in the model would increase the chances of 

controlling for the exposure and ameliorating its affect. An additional model including 

adjuvant RT use and excluding the time cohorts was also done.  

 

3.5.11 Acute morbidity 

Acute morbidity was defined as any hospitalization within 270 days of surgery. As 

adjuvant RT was defined as 180 days post surgery, 90 days was added to account for 

acute toxicities arising from RT use. Hospitalizations were further examined by number 

of hospitalizations, total days in hospital, mean duration of hospital stay, and median 
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duration of hospital stay. ORs for acute morbidity were calculated univariately for the 

time cohorts. 

 

3.5.12 Long-term morbidity 

Long-term morbidity was defined as any hospitalization after 270 days of surgery. 

Hospitalizations were further examined by number of hospitalizations, total days in 

hospital, mean duration of hospital stay, and median duration of hospital stay. ORs for 

long-term morbidity were calculated univariately for the time cohorts. Because of the 

longer time interval, time-to-event analysis with Kaplan-Meier estimates of first 

hospitalization was also used. First hospitalization was measured from time of diagnoses 

onwards until day of hospitalization or censoring event. Death was a censoring event. 

Probability of long-term morbidity was compared between time cohorts. Comparisons 

were made with the log-rank test.  

 

3.5.13 Second malignancy 

Second malignancies were defined as the occurrence of any malignancy excluding 

testicular cancer after the initial diagnosis of testicular cancer. Time-to-event analysis 

with Kaplan-Meier estimates were used. Survival was measured from time of diagnoses 

onwards until day of second cancer diagnosis or censoring event. Death was a censoring 

event. Cumulative incidence of second cancers was compared between time cohorts. 

Comparisons were made with the log-rank test. 
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3.6 Potential confounders       

Potential confounders between treatment cohorts and survival were considered and 

measured. These potential confounders were age, SES, histology, and institution related 

characteristics such as the number of beds in the diagnosing hospital and distance from 

the patient’s residence to the closet cancer centre. The use of the entire Ontario 

population separated into cohorts by time of diagnosis should reduce the effect of these 

and other unknown confounders. However, these known factors were controlled for in the 

analysis.  

 

As mentioned earlier, the stage of seminoma was not measurable through the OCR 

database and controlling for this was not possible. The survival rates of stage II patients 

was expected to be similar yet slightly lower compared to stage I patients. The patient 

population was enriched for stage I through exclusion criteria that have already been 

discussed. Since this is a population-based study and no change in stage distribution 

through time or between centres is known, an equal proportion of stage II patients was 

expected to contaminate all cohorts. As a result, survival for all cohorts were expected to 

be slightly biased because of contamination with stage II seminoma patients and could 

decrease any potential differences in survival between patients managed by RT and those 

managed by surveillance.  

 

Our method examines patients based on cohorts divided by date of diagnosis. For this 

method to be valid it must be assumed that patients diagnosed with seminoma in the 

earlier cohorts are similar to patients diagnosed with seminoma in the more recent 
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cohorts. There is no evidence that methods for diagnosing and staging seminoma have 

changed over the study period or is different between cancer centres in Ontario. Also no 

exogenous factors are known to have occurred or be present in differing amounts that 

would have changed case mix. 
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CHAPTER 4: RESULTS  

4.1 Identification of patients 

Seven thousand and eighty testicular patients were identified in the OCR database with a 

date of diagnosis ranging from January 1, 1980 till December 29, 2006 which represented 

study population 1 (figure 2). Of these, 3773 were patients with seminoma (study 

population 2) while 2698 patients had non-seminoma (study population 3). Patients with 

a testicular cancer diagnosis outside of 1982-2004 were excluded because of lack of 

complete management information. Of the 3215 seminoma patients diagnosed between 

1982 and 2004 (study population 4), 3017 patients had received surgery  while 198 

patients did not. Surgery was defined as an orchidectomy 180 days after diagnosis or 90 

days before diagnosis. Exclusion criteria mentioned in chapter 3 were then applied to 

enrich for stage I. The exclusion criteria were: patients with documented metastasis 

within 180 days of surgery, patients identified as palliative within 180 days of surgery, 

patients who had received any chemotherapy within 180 days of surgery, patients who 

had received  RT to the chest or brain within 180 days of surgery, or patients who had 

died within 180 days of surgery. After applying the exclusion criteria, 2660 patients 

remained (study population 5). These 2660 seminoma patients diagnosed between 1982 

and 2004 and who had received surgery represented the primary population of interest.  
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Figure 2: Patient Study Population Flowchart  

 

 

Study Population 1:  

7080 Ontario testicular cancer 

patients from 1980 to 2006 

Study population 3:  

2698 Non-seminoma patients 

Study population 2:  

3773 Seminoma patients 

3017 Seminoma patients with 

surgery from 1982-2004 

198 Seminoma patients 

without surgery 

Study population 5:  

2660 Seminoma patients with surgery and 

enriched for stage I from 1982-2004 

Study population 4:  

3215 Seminoma patients 

from 1982-2004 

Enrichment resulted in study 

population reduction from 

3017 (100%) to 2660 (88.2%) 

There was lack of complete management 

information for patients outside of 1982-2004. 

Therefore study population was reduced.  

Exclusion criteria to enrich for stage I seminoma:  

- Documented metastasis within 180 days of surgery  

- Palliative designation within 180 days of surgery 

- Chemotherapy within 180 days of surgery 

- RT to chest,or brain within 180 days of surgery 

- Death within 180 days of surgery 

3017 Seminoma patients with 

surgery from 1982-2004 
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4.2 Incidence of testicular cancer, seminoma, and non-seminoma  

(Study population 1, 2, and 3) 

 

The age standardized incidence for testicular cancer in Ontario (using 1991 Ontario 

standard population) increased from 4.03 per 100,000 males in 1980 to 5.64 per 100,000 

males in 2006, which represents an average annual increase of 1.30%. The age 

standardized incidence for seminoma in Ontario (also using 1991 Ontario standard 

population) increased from 2.26 per 100,000 males in 1980 to 3.26 per 100,000 males in 

2006, which represents an average annual increase of 1.43%. And finally the age 

standardized incidence for non-seminoma in Ontario (also using 1991 Ontario standard 

population) increased from 1.65 per 100,000 males in 1980 to 2.04 per 100,000 males in 

2006, which represents an average annual increase of 0.82%.  

 

Adjusting the incidence rate into 2 year groups, the age standardized incidence for 

testicular cancer in Ontario (using 1991 Ontario standard population) increased from 4.14 

per 100,000 males in 1980-1981 to 5.79 per 100,000 males in 2004-2005, which 

represents an average biennial increase of 1.29% as shown in figure 3. The age 

standardized incidence for seminoma in Ontario (also using 1991 Ontario standard 

population) increased from 2.25 per 100,000 males in 1980-1981 to 2.94 per 100,000 

males in 2004-2005, which represents an average biennial increase of 1.04%. And finally 

the age standardized incidence for non-seminoma in Ontario (also using 1991 Ontario 

standard population) increased from 1.70 per 100,000 males in 1980-1981 to 2.41 per 

100,000 males in 2004-2005, which represents an average biennial increase of 1.36%.  
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Figure 3: Age standardized incidence grouped by 2 years of all testicular cancers, 

seminoma and non-seminoma in Ontario from 1980 to 2006. 

 

Focusing on a ten year span from 1990 till 1999 and dividing males according to age 

group, the peak incidence for testicular cancer was found to be among males aged 30-34 

with an incidence of 11.87 per 100,000. Seminoma exhibited a peak incidence rate of 

7.27 per 100,000 among males aged 30-34 while non-seminoma had an earlier peak of 

5.68 per 100,000 males aged 20-24. The figure is attached in the appendix.  
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4.3 Patient Characteristics (Study population 5)  

The patients were divided into cohorts based on date of diagnosis to reflect the variation 

in adjuvant RT use. Patient characteristics analyzed by these cohorts were age, SES, 

histology, distance to cancer treatment centre, cancer treatment centre catchment area, 

and diagnosing hospital size. Univariate analysis by time cohort is shown in table 1. As 

expected, the age groups with the most seminoma was the 25-44 age group. Among the 3 

histologies, the majority of patients had classic seminoma. For distance to cancer centre, 

most patients lived within 60 km of a major treatment centre. Slightly more patients were 

from the fifth or highest SES quintile. The majority of patients were diagnosed in 

hospitals with over 200 beds with the most number of patients being diagnosed in 

hospitals with over 500 beds. And finally almost half of the seminoma patients were 

within the Sunnybrook and Princess Margret Hospital catchment area.  

 

Univariate analysis showed that both age, SES and distance to cancer treatment centre did 

not vary significantly over the time cohorts however histology (p <0.0001), diagnosing 

hospital size (p <0.001) and cancer treatment centre (p <0.001) did.  

 

Among the different seminoma histologies there was a large drop in anaplastic subtype 

and a large increase in the classic subtype over time. The WHO no longer recognizes the 

anaplastic subtype and these are now labelled all as classic seminoma. Anaplastic subtype 

confers no additional prognostic information from other usual staging information. 

Spermatocytic seminoma stayed fairly stable over time. Among the size of the diagnosing 

hospital, as time progressed a larger proportion of seminoma patients were being 
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diagnosed in a hospital between 200 and 499 beds in size with a relative decrease in 

patients being diagnosed in hospitals with over 500 beds. Among the treating cancer 

centres and catchment area, fewer patients were being treated or found to reside within 

the area of Princess Margret Hospital and Sunnybrook hospital with a relative increase in 

patients in Hamilton, London, and Sudbury especially.  

 

There was some missing data: 146 patients were missing information on neighbourhood 

median income (SES) quintiles, 27 patients were missing information on treating cancer 

centre or catchment area, 145 patients were missing information on distance to closest 

treating cancer centre, and 689 patients were missing information on size of diagnosing 

hospital in terms of number of beds.  
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Table 1: Seminoma patient characteristics by time cohort, 1982-2004, n=2660 

(Study population 5) 

 

Characteristic (%) 
No. of 

patients 

1982-1986 

n=385 

1987-1991 

n=530 

1992-1996 

n=624 

1997-2000 

n=552 

2001-2004 

n=599 

Overall (%) 

n=2660 

Age, years              

0-24 179 7.5 7.0 5.4 7.7 6.5 6.7 

25-44 1910 65.5 75.4 74.4 72.2 69.6 71.8 

45-64 479 21.6 14.7 16.5 17.2 21.1 18.0 

>65 92 5.5 3.0 3.7 2.9 2.8 3.5 

     Pearson’s chi-square p-value:  0.66   

Histology  1982-1986 1987-1991 1992-1996 1997-2000 2001-2004 Overall (%) 

Classic Seminoma 2398 77.1 86.1 90.9 95.2 97.0 90.2 

Anaplastic Seminoma 215 21.6 12.0 7.4 2.9 1.2 8.1 

Spermatocytic Seminoma 47 1.3 1.9 1.8 1.9 1.8 1.8 

     Pearson’s chi-square p-value:  <0.0001   

SES, quintile  1982-1986 1987-1991 1992-1996 1997-2000 2001-2004 Overall (%) 

1 434 17.9 20.6 17.1 14.4 16.6 17.3 

2 533 20.3 22.7 22.9 20.4 19.1 21.1 

3 505 19.9 18.2 20.3 20.6 20.9 20.0 

4 481 17.5 18.6 19.7 19.0 19.9 19.1 

5 561 24.4 19.9 20.0 25.6 23.5 22.5 

     Pearson’s chi-square p-value:  0.37   

Distance, km  1982-1986 1987-1991 1992-1996 1997-2000 2001-2004 Overall (%) 

0-15 952 36.2 39.0 38.6 38.0 36.7 37.8 

15-60 935 37.4 35.8 33.1 38.6 41.4 37.2 

60-180 542 21.1 21.6 23.7 21.1 19.8 21.5 

180+ 86 5.3 3.6 4.6 2.3 2.2 3.5 

     Pearson’s chi-square p-value:  0.09   

Diagnosing hospital size, beds  1982-1986 1987-1991 1992-1996 1997-2000 2001-2004 Overall (%) 

1-199 224 12.4 8.5 13.9 10.6 10.6 11.2 

200-299 428 18.4 22.5 22.3 22.1 23.6 22.0 

300-399 358 15.5 16.7 16.4 21.2 26.1 19.5 

400-499 385 16.1 18.8 21.7 18.2 23.1 19.9 

500+ 576 37.6 33.5 25.7 27.9 16.6 27.4 

     Pearson’s chi-square p-value:  <0.001   

Cancer Centre / Catchment 
 

1982-1986 

n=385 

1987-1991 

n=530 

1992-1996 

n=624 

1997-2000 

n=552 

2001-2004 

n=599 

Overall (%) 

n=2660 

Ottawa 260 9.4 7.2 8.3 13.2 11.6 9.9 

Toronto: Sunnybrook and PMH 1296 59.5 51.0 48.3 44.6 46.0 49.2 

Hamilton 368 9.1 16.1 14.9 13.0 15.1 14.0 

Kingston 141 5.8 4.7 6.1 5.6 4.7 5.4 

London 339 9.6 13.8 13.1 13.0 13.6 12.8 

Thunder Bay 41 1.7 2.3 1.4 1.9 0.7 1.6 

Windsor 92 4.1 2.6 3.5 3.3 4.0 3.5 

Sudbury 96 0.8 2.3 4.3 5.4 4.4 3.6 

  

 

  

Pearson’s chi-square p-value: 

PMH: Princess Margaret Hospital 

<0.001 
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4.4 Surgery among Seminoma patients (Study population 4)  

Of the 3773 seminoma patients, 3378 received surgery and 395 did not. Surgery was 

defined as an orchiectomy within 180 days after diagnosis of seminoma or 90 days before 

diagnosis of seminoma. We strongly suspect lack of surgery in these patients was artefact 

and likely due to incomplete or missing data. More in-depth analysis is included in the 

appendix. We excluded patients who did not receive surgery from the analysis from this 

point forward.  

 

4.5 Adjuvant radiation therapy (Study population 5)  

Of the 2660 seminoma patients, enriched for stage I, diagnosed between 1982 and 2004 

and who had an orchidectomy 180 days after diagnosis or 90 days before diagnosis, 1517 

received adjuvant RT and 1145 did not, as defined by RT within 180 days of surgery.  

 

Median time to adjuvant RT from diagnosis has increased from 35 days in 1982 to 64 

days in 2004 with a maximum median time in both 2001 and 2002 of 80 days. Results are 

included in the appendix.  

 

The proportion of patients receiving adjuvant RT is shown in figure 4. The proportion of 

patients receiving RT has decreased from 73.0% in 1982 to 32.2% in 2004. The greatest 

proportion of patients receiving RT occurred in 1983 with 88.9% of seminoma patients 

receiving RT. The lowest proportion of patients receiving RT occurred in 2004. The first 

study of surveillance in seminoma was started in 1983 and published in 1987 (89).  
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Figure 4: Adjuvant radiation therapy (RT) use (as defined by RT use within 180 

days of surgery) in seminoma patients from 1982 to 2004. Arrow 1 represents start 

of first surveillance study of seminoma. Arrow 2 represents publication of first 

surveillance study of seminoma (89).  

 

1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

RT 73.0 88.9 75.8 72.3 63.3 52.9 48.0 52.0 55.8 62.6 62.3 63.2 64.1 71.6 63.2 59.2 55.3 50.4 51.5 49.0 47.2 42.5 32.2
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Factors potentially associated with the use of RT were analyzed using univariate and 

multivariate logistic regression. The multivariate analysis is shown in table 2. As a strata 

age, community SES, and histology were not found to vary significantly in terms of RT 

use in multivariate analysis. However all other patient variables tested had statistically 

significant differences in a multivariate model. These variables included distance from 

cancer centre (p = 0.0491), size of diagnosing hospital (p = 0.0469), treating cancer 

centre (p = <0.0001), and time cohort (p = <0.0001).   

 

Spermatocytic seminoma was associated with less RT use with an OR of 0.41 (95% CI 

0.19-0.80) compared to classic seminoma, however histology as a strata overall did not 

vary significantly in terms of RT use. The following all had statistically significant 

variation among the strata in OR for RT use. Living 180 km or more from a cancer 

treatment centre was associated with RT use with an OR of 2.06 (95% CI 1.01-4.21) 

while the other distances had non-significant ORs.  Compared to patients diagnosed in 

hospitals with 500 or more beds, all patients diagnosed at hospitals with 1-199 beds was 

associated with significantly higher RT use with an OR of 1.78 (95% CI 1.19-2.65). 

Compared to Toronto, all other treating cancer centres had statistically higher ORs for RT 

use, with the exception of Sudbury (OR 0.92, 95% CI 0.47-1.82). In multivariate analysis 

the ORs for RT use between all time cohorts with the comparator cohort of 1982-1987 

were significantly lower.  

 

Again, there was some missing data: 146 patients were missing information on 

neighbourhood median income (SES) quintiles, 27 patients were missing information on 
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treating cancer centre or catchment area, 145 patients were missing information on 

distance to closest treating cancer centre, and 689 patients were missing information on 

size of diagnosing hospital in terms of number of beds.  
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Table 2: Proportion treated with adjuvant radiation therapy (RT) and multivariate 

model of factors associated with the use of adjuvant RT, 1982-2004. Asterisks 

indicates statistically significant differences by 95% confidence intervals.  

 

OR for RT, n=2660 
No. of 

patients 
Proportions 

treated 
Multivariate Logistic Regression 

Age 
 % receiving 

RT 
Adjusted OR (95% CI)  

Strata  
p-value 

0-24 179 53.6% 1.00 (reference)  0.2041 

25-44 1910 57.0% 1.27 (0.84, 1.90)   

45-64 479 59.6% 1.40 (0.88, 2.23)   

65+ 92 48.9% 0.78 (0.39, 1.58)   

SES (quintile)     0.9683 

1 434 56.9% 1.00 (reference)   

2 533 61.5% 1.11 (0.80, 1.55)   

3 505 59.4% 1.12 (0.80, 1.58)   

4 481 51.6% 1.08 (0.76, 1.52)   

5 561 49.7% 1.10 (0.77, 1.56)   

Histology     0.1125 

Classic Seminoma 2398 57.2% 1.00 (reference)   

Anaplastic 215 60.5% 0.97 (0.71, 1.41)   

Spermatocytic 47 31.9% 0.41 (0.19, 0.80) *  

Distance (km)     0.0491 

0-15 952 55.5% 1.00 (reference)   

15-60 935 53.0% 0.92 (0.72, 1.18)   

60-180 542 59.2% 0.80 (0.58, 1.09)   

180+ 86 67.4% 2.06 (1.01, 4.21) *  

Beds     0.0469 

500+ 576 55.7% 1.00 (reference)   

1-199 224 71.0% 1.78 (1.19, 2.65) *  

200-299 428 67.8% 1.18 (0.86, 1.63)   

300-399 358 52.0% 0.98 (0.72, 1.34)   

400-499 385 70.6% 1.18 (0.85, 1.65)   

Cancer Centre / Catchment     <0.0001 

Sunnybrook and PMH 1296 42.7% 1.00 (reference)   

Ottawa 260 66.9% 3.38 (2.25, 5.08) *  

Hamilton 368 69.0% 3.71 (2.72, 5.05) *  

Kingston 141 80.9% 5.92 (3.33, 10.53) *  

London 339 75.2% 4.53 (3.14, 6.52) *  

Thunder Bay 41 82.9% 4.31 (1.40, 13.29) *  

Windsor 92 85.9% 27.36 (6.48, 115.41) *  

Sudbury 96 52.1% 0.92 (0.47, 1.82)   

Time     <0.0001 

1982-1986 385 74.0% 1.00 (reference)   

1987-1991 530 54.2% 0.39 (0.27, 0.56) *  

1992-1996 624 64.7% 0.58 (0.40, 0.85) *  

1997-2000 522 54.0% 0.45 (0.30, 0.67) *  

2001-2004 599 42.9% 0.23 (0.15, 0.37) *  
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4.6 Radiation treatment volumes: Dog-leg versus Para-aortic RT  

(Study population 5)  

 

An analysis of the 1517 patients who received RT showed that 1266 patients received 

para-aortic lymph node RT and 251 received dog-leg RT which included para-aortic 

lymph nodes and the ipsilateral iliac or inguinal lymph nodes. There was a decrease in the 

amount of dog-leg RT from the 1982-1986 cohort at 21.68% to 11.67% by the 2001-2004 

cohort. The drop appears to occur between the 1987-1991 cohort with 25.35% and the 

1992-1996 cohort with 11.63%. The figure is included in the appendix.  

 

A year by year analysis revealed a sharp decrease in dog-leg RT for patients diagnosed in 

1990 to patients diagnosed in 1991 from 30.65 to 10.45% respectively. Previous to this 

decrease, dog-leg RT utilization ranged from 13.04% to 40.35%. After this decrease, 

dog-leg RT utilization ranged from 6.33% to 21.43%. The table is included in the 

appendix.  
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4.7 Overall Survival 

 (Study population 5 used for all analysis from 4.8 forward)  

 

Using the Kaplan Meier method for survival curves, the overall 25 year survival for any 

patient in Ontario diagnosed with a low stage seminoma between 1982 and 2004 who 

received an orchidectomy from 90 days before diagnosis to 180 days after diagnosis was 

81.9% (figure included in appendix). The 5 year overall survival for the same population 

was 97.5% (figure 5). The overall survival by time cohort is shown in figure 6 and had a 

log-rank p-value of 0.0005. The 5 year survival or probability of death within 5 years for 

the 1982-1986, 1987-1991, 1992-1996, 1997-2000, and 2001-2004 cohorts are 95.3%, 

97.0%, 98.2%, 98.7%, and 97.9% respectively.  

 
Figure 5: Overall 5 year survival for seminoma patients, 1982-2004. Note vertical 

axis range.  
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Figure 6: Overall 5 year survival by time cohort, 1982-2004. Note vertical axis 

range. 
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4.8 Cancer Specific Survival 

The cancer specific survival differences approached statistical significance between the 

five time cohorts with a log–rank p-value of 0.0581 (figure 7). The cancer specific 

survival for the 1982-1986, 1987-1991, 1992-1996, 1997-2000, and 2001-2004 cohorts 

are 98.2, 99.3%, 98.9%, 99.8%, and 99.7% respectively. 

 

Figure 7: Cancer specific 5 year survival by time cohort, 1982-2004. Note vertical 

axis range.  
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4.9 Relapse free Survival 

Relapse was defined as RT past 180 days post-surgery, a metastasis code diagnosis 180 

days post-surgery, a lymph node procedure 180 days post surgery, or chemotherapy 180 

days post-surgery. Relapse free survival was analyzed using Kaplan-Meier estimates. The 

5 year relapse free survival function for the entire study population is shown in figure 8. 

The 5 year relapse free survival probability is 91.0% 

 

Figure 8: Relapse free 5 year survival, 1982-2004. Note vertical axis range.  
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Kaplan-Meier estimates of relapse free survival by time cohort is shown in figure 9. The 

log-rank p-value was not significant at 0.3211. The 5 year relapse free survival for the 

1982-1986, 1987-1991, 1992-1996, 1997-2000, and 2001-2004 cohorts are 89.6%, 

89.4%, 92.3%, 90.0%, and 92.7% respectively.  

 

Figure 9: Relapse free 5 year survival by time cohort, 1982-2004. Note vertical axis 

range.  

0.3211 
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4.10 Factors associated with survival outcomes: Results of univariate analysis 

Table 3 summarizes all univariate analysis for overall, cancer specific, and relapse free 

survival. In terms of overall survival, the following variables had statistically significant 

different survival curves by log rank comparison: age (p = <0.0001), SES (p = 0.014), 

histology (p = <0.001), and time cohorts (p = 0.0005). In the age strata, those age 65 and 

over had a 5 year overall survival of 78.3% compared to over 95% for the other age 

categories. For neighbourhood SES quintile, the first quintile had the lowest 5 year 

survival of 95.6% while the 5
th

 quintile had the highest at 98.8%. Spermatocytic 

seminoma had the lowest 5 year overall survival compared to anaplastic and classic 

seminoma. The significant comparisons for time cohort have already been described 

previously.  

 

In terms of cancer specific survival, only age had statistically different survival curves by 

log rank comparison (p = 0.0051).  

 

In terms of relapse free survival, the following variables had statistically significant 

different survival curves by log rank comparison: age (p = <0.0001) and histology (p = 

<0.0001). Again those over age 65 had the lowest 5 year relapse free survival at 73.9%, 

with the next lowest being those aged 45-64 with 88.5%. Anaplastic seminoma had the 

lowest 5 year relapse free survival of 85.6% compared to spermatocytic seminoma and 

classic seminoma.  
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The RT use ORs are included to highlight variations in RT versus surveillance while 

noting variation in survival. Specifically, among the time cohorts we note again that there 

was a statistically significant decrease in RT use for all time cohorts in comparison to the 

initial cohort of patients diagnosed between 1982 and 1986. Despite this, overall survival 

is significantly higher among the more recent cohorts in comparison to the earliest cohort. 

Cancer specific and relapse free survival do not show significant differences among the 

different time cohorts.  



 56 

Table 3: Summary of survival probabilities, 1982-2004. Asterisks indicate statistically 

significant differences by log-rank p-value or multiple logistic regression p-value.   

    5 year Survival   

  Overall (%) Cancer Specific (%) Relapse free (%) 

 Age                                                    0-24 99.4 99.4 93.9 

25-44 98.8 99.5 92.2 

45-64 95.6 98.3 88.5 

65+ 78.3 98.9 73.9 

p-value * <0.0001 * 0.0051 * <0.0001 

SES, quintiles                                         1 95.6 99.1 90.8 

2 97.9 99.8 91.6 

3 97.8 98.8 91.5 

4 98.5 99.8 90.2 

5 98.8 99.3 92.0 

p-value * 0.0140 0.0837 0.8049 

Histology                                       Classic 97.8 99.3 91.5 

Anaplastic 96.7 98.6 85.6 

Spermatocytic 91.5 100.0 87.2 

p-value * <0.0001 0.1090 * <0.0001 

Distance to cancer centre          0-15 km 97.5 99.3 90.9 

15-60 km 98.7 99.6 92.1 

60-180 km 96.7 99.1 89.5 

>180 km 98.8 100.0 94.2 

p-value 0.3348 0.5256 0.8195 

Diagnosing hospital size       1-199 beds 96.9 98.7 89.7 

200-299 beds 98.4 99.3 92.8 

300-399 beds 97.2 99.2 91.2 

400-499 beds  95.1 99.0 89.3 

500+ beds 97.2 99.3 89.1 

p-value 0.1261 0.9225 0.2535 

Cancer Centre                               Ottawa 98.9 99.6 93.1 

Toronto 97.6 99.2 90.4 

Hamilton 97.3 98.9 90.0 

Kingston 93.6 99.3 88.7 

London 98.2 99.7 91.5 

Thunder Bay 97.6 97.6 95.1 

Windsor 100.0 100.0 97.8 

Sudbury 99.0 100.0 92.7 

p-value 0.2478 0.6156 0.7531 

Time                                         1982-1986 95.3 98.2 89.6 

1987-1991 97.0 99.3 89.4 

1992-1996 98.2 99.2 92.3 

1997-2000 98.7 99.8 90.0 

2001-2004 97.9 99.7 92.7 

p-value  * 0.0005 0.0581 0.3211 



 57 

4.11 Factors associated with survival outcomes: Results of multivariate analysis 

Cox’s proportional hazards model was applied with the following variables for overall 

survival (table 4): time cohorts, age, SES, and histology. RT use ORs have again been 

added to the table for reference. The hospital/system variables such as treating cancer 

centre, distance to nearest cancer centre and diagnosing hospital size were removed. 

These variables were too closely correlated with adjuvant RT use. Including them in the 

model would likely have controlled for variations in adjuvant RT use, which was what 

we were interested in observing. This was supported by the statistically significant ORs 

for RT use shown previously in the multivariate analysis (table 2). However, the full 

model with all factors included has been added to the appendix for reference.  

 

Variables with statistically significant strata p values include age (p = <0.0001) and mean 

neighbourhood SES quintile (p = 0.0486). There was a significantly increased hazard 

ratio in the 45-64 and over 65 age group compared to the youngest age group. There was 

a significantly decreased hazard ratio in the fourth and fifth quintile compared to the first 

and lowest SES quintile. There was no significantly different hazard ratio for anaplastic 

or spermatocytic seminoma compared to classic seminoma. Finally, there was no 

significant difference in survival over the study period when comparing the different time 

cohorts. 



 58 

Table 4: Multivariate overall survival analysis by Cox’s Proportional Hazards - 

Factors affecting seminoma patient mortality, 1982-2004. Asterisks indicate 

statistically significant differences by p-value or 95% confidence intervals.   

 

Cox proportional hazards Hazard Ratio (95% CI)  
Cox strata 

p-value 
RT use 

OR 
RT strata 
p-value 

Age           

0-24 1.00 (reference)   * <0.0001 1.00  0.2041 

25-44 2.22 (0.30, 16.42)   1.27  

45-64 8.29 (1.11, 61.69) *  1.40  

65+ 39.70 (5.27, 299.14) *  0.78  

SES           

1 1.00 (reference)   * 0.0486 1.00   0.9683 

2 0.53 (0.26, 1.08)   1.11  

3 0.66 (0.32, 1.37)   1.12  

4 0.40 (0.17, 0.93) *  1.08  

5 0.35 (0.15, 0.82) *  1.10  

Histology          

Classic Seminoma 1.00 (reference)   0.3278 1.00   0.1125 

Anaplastic 0.84 (0.37, 1.92)   0.97  

Spermatocytic 0.81 (0.28, 2.38)   0.41  

Time           

1982-1986 1.00 (reference)  0.1720 1.00  * <0.0001 

1987-1991 0.95 (0.47, 1.92)   0.39  

1992-1996 0.63 (0.30, 1.36)   0.58  

1997-2000 0.45 (0.18, 1.13)   0.45  

2001-2004 0.63 (0.28, 1.41)   0.23  
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4.12 Acute morbidity 

Acute morbidity was defined as a hospitalization within 270 days of surgery or 

orchidectomy. Table 5 shows the percentage of patient hospitalizations divided by time 

cohort.  As these were secondary outcome studies, only variations by time cohort were 

investigated.  

 

Table 5: Acute hospitalizations after surgery, 1982-2004. 

 

The table also shows the number of hospitalizations, total days in hospital, and median 

duration of stay. In general there was a downward trend in the percentage of patients who 

were hospitalized as time progressed. However no obvious trend is observed for median 

duration of hospitalizations.  

 

Table 5 also shows the OR for acute hospitalization by time cohort with the 1982-1986 

cohort as the reference. Each subsequent cohort had a significantly lower OR for acute 

hospitalization compared to the first cohort.  

 

  

Hospitalized 
(%) 

Not 
Hospitalized 

(%) 

Total 
Patients 

No. of 
hospitalizations 

Total 
days in 
hospital 

Median 
Duration 

(days) 

OR for 
hospitalization 

95% CI 
 

1982-1986 14.50% 85.50% 385 73 447 4 1 Reference 

1987-1991 6.80% 93.20% 530 66 403 4 0.43 0.27 0.66 

1992-1996 8.60% 91.40% 624 71 358 2 0.56 0.37 0.83 

1997-2000 2.70% 97.30% 522 16 56 4 0.16 0.09 0.3 

2001-2004 3.50% 96.50% 599 27 183 4 0.21 0.13 0.36 

Total  6.80% 94.80%  2660 253 1447 4 
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4.13 Long term morbidity  

Long term morbidity was defined as a hospitalization occurring over 270 days up to 5 

years after surgery or orchidectomy. Table 6 shows the percentage of patients requiring 

hospitalizations divided by time cohort. The table also shows the total number of 

hospitalizations, total days in hospital, and median duration of stay. The 5
th

 time cohort of 

2001-2004 was excluded because follow up was incomplete. As these were secondary 

outcome studies, only variations by time cohort were investigated. 

 

Table 6: Hospitalizations occurring 270 days to 5 years after surgery, 1982-2004. 

  

Hospitalized 
(%) 

Not Hospitalized 
(%) 

Total 
patients 

No. of 
Hospitalizations 

Total 
days in 
hospital 

Median 
Duration 

(days) 

OR for 
hospitalization 

95% CI 

1982-1986 12.8 87.2 385 158 1328 6 1 Reference 

1987-1991 7.6 92.4 530 80 817 5 0.55 0.35 0.85 

1992-1996 10.1 89.9 624 143 1000 5 0.65 0.43 0.97 

1997-2000 9.4 90.6 522 84 478 4 0.48 0.31 0.76 

 
8.7 91.3 599 465 3623 5 

    

 

Table 6 shows that the percentage of hospitalized patients decreased from the 1982-1986 

cohort to the 1997-2000 cohort from 12.8% to 9.4%. There was also a low of 7.6% 

during the 1987-1991 cohort.  

 

Table 6 also shows the OR for hospitalization by time cohort with the 1982-1986 cohort 

as the reference. Each subsequent cohort had a statistically significantly lower OR for 

hospitalization compared to the first cohort.  
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Kaplan-Meier estimates were used to plot time to first hospitalization 270 days post 

surgery. The curve for the combined population is shown in figure 10.  The probability 

for hospitalization 270 days post surgery at 5 years for all patients was 7.4%. Cumulative 

probabilities are shown since morbidity/hospitalizations are accumulated over time by 

individuals during follow-up and this representation appears more intuitive.  

Figure 10: 5 year time to hospitalizations occurring 270 days post surgery, 1982-

2004. Note vertical axis range.  
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A comparison between the time cohorts for time to first hospitalization 270 days post 

surgery is shown in figure 11. The fifth time cohort of 2001-2004 was added back to the 

analysis. The log rank p-value was <0.0001. The probability that the first cohort of 1982-

1986 had a hospitalization starting 270 days post surgery within 5 years was 13.0%. The 

probabilities of the 1987-1991, 1992-1996, 1997-2000, and 2001-2004 cohorts having a 

hospitalization starting 270 days post surgery within 5 years were 7.6%, 8.8%, 6.7%, and 

3.0% respectively. 

 

Figure 11: 5 year time to hospitalization occurring 270 days post surgery, by time 

cohort, 1982-2004. Note vertical axis range.  
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4.14 Second Cancers  

The probability of second cancers diagnosis other than second testicular cancers post 

surgery was also investigated. Kaplan-Meier estimates of the cumulative probability of 

being diagnosed with a second cancer up to 5 years for the study population is shown in 

figure 12. The 5 year probability of developing a second cancer post surgery was 1.13%. 

Again, Kaplan-Meier estimates of cumulative probabilities are shown since 

morbidity/second cancers are accumulated over time by individuals during follow-up and 

this representation appeared more intuitive. 

 

Figure 12: 5 year time to second cancer post-surgery, 1982-2004. Note vertical axis 

range. 
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As these were secondary outcome studies, only variation by time cohort was studied 

(figure 13). The log-rank p-value was not significant at 0.4296. The probability that the 

first cohort of 1982-1986 had a second cancer diagnosis within 5 years was 1.6%. The 

probabilities for the 1987-1991, 1992-1996, 1997-2000, and 2001-2004 cohorts had a 

second cancer diagnosis within 5 years were 0.9%, 1.1%, 1.1%, and 1% respectively.  

 

Figure 13: 5 year time to second cancer post-surgery by time cohort, 1982-2004. 

Note vertical axis range.  

 

 

 

0.4296 
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A second figure of second cancer diagnosis allowing full appreciation for all years of 

follow-up is shown in figure 14. The log-rank p-value again is the same and not 

significant at 0.4296. The probability that the first cohort of 1982-1986 had a second 

cancer diagnosis within 25 years was 10.9%. With incomplete follow-up data, the 

probability that the 1987-1991, 1992-1996, 1997-2000, and 2001-2004 cohorts had a 

second cancer diagnosis within 25 years were 5.7%, 3.4%, 2.1%, and 1% respectively.  

 

Figure 14: Time to second cancer post-surgery by time cohort, 1982-2004. Note 

vertical axis range.  
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CHAPTER 5: DISCUSSION 

 

5.1 Summary of Study Design 

This study utilized a retrospective, population-based cohort design to describe the 

incidence, management and patient outcomes of early stage seminoma in Ontario from 

1982-2004. We also investigated how variations in management impacted patient 

survival. Data was sourced from the administrative databases held at the Division of 

Cancer Care and Epidemiology at Queen’s University in Kingston, Ontario.  

 

5.2 Major Findings 

The purpose of this thesis was to 1) describe the incidence, management and outcome in 

early stage seminoma patients in Ontario over time, 2) examine the relationship between 

patient characteristics and post-operative management methods (adjuvant radiation 

therapy versus surveillance), and finally 3) examine the relationship between post-

operative management methods (adjuvant radiation therapy versus surveillance) and 

patient outcomes. We have shown that in Ontario, testicular cancer incidence and 

specifically both seminoma and non-seminoma cancer are increasing. We found that RT 

use varies based on a number of measurable system factors. We have also shown that in 

early stage seminoma, post-operative management strategies have changed over the years 

with more patients following a surveillance strategy rather than adjuvant RT. Finally we 

found that, despite decreasing post-surgical adjuvant radiation therapy (RT) usage and 

thus increased post-surgical surveillance, there has been no decrease in overall survival, 

cancer specific survival, or relapse free survival. In other words, outcomes remain the 
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same despite decreasing RT use over time. All of these findings are discussed in more 

detail below.   

 

5.2.1 Incidence 

Our analysis of the incidence of seminoma in Ontario from 1980-2006 showed that the 

incidence was increasing for testicular cancer and in particular in both seminoma and 

non-seminoma testicular cancer. We observed over the study period from 1980 to 2006, 

testicular cancer, seminoma and non-seminoma was increasing in incidence by 1.3%, 

1.4%, and 0.82%  per year respectively. Specifically, we found that seminomas increased 

from 2.25 per 100,000 males in 1980-1981 to 2.94 per 100,000 males in 2004-2005, 

representing a biennial increase of 1.04%. We also found that between 1990-1999, the 

age specific incident rates of testicular cancer for males was highest for those aged 30-34 

at 11.87 per 100,000. These incidence rates and graphs are in agreement with the 

calculations conducted by Cancer Care Ontario (CCO) in conjunction with the Canadian 

Cancer society (1). The CCO found that seminoma incidence for males aged 30-34 was 

11.4 per 100,000 in Canada. For testicular cancer, incidence was increasing by 2.2% 

among males aged 20-44 from 6.7 per 100,000 in 1983 to 9.6 per 100,000 in 1999. The 

discrepancy between our numbers and those from the CCO result from our use of the 

entire male population instead of restricting it to those aged 20-44. Our increases are also 

in keeping with worldwide trends as published by SEER and NCI in the US and a 

European review (22, 88). Currently the reason behind this rise is unknown but 

speculation remains focused on environmental exposures and in particular in-utero 
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exposures, viral exposures and trauma (23, 24). As our administrative database did not 

have these or other specific exposure data, these relationships could not be explored.  

 

5.2.2 Patient Characteristics 

After the division of early stage seminoma patients into their respective cohorts based on 

date of diagnosis, there were a number of patient variables that were not evenly 

distributed. There is a dramatic increase in diagnosis of classic seminoma with a 

concomitant decrease in anaplastic seminoma as expected by increasing adoption of 

WHO criteria which recommended merging anaplastic subtypes with classic seminoma. 

Despite this, anaplastic seminoma continues to be used as a pathologic diagnosis in a 

small minority of patients. The reason behind this is unclear. In terms of size of 

diagnosing hospital, fewer patients in the more recent cohorts were being diagnosed at 

the largest hospitals and more were being diagnosed at hospitals with between 200 and 

499 beds. There was also a simultaneous decrease in proportion of patients treated within 

the Sunnybrook and Princess Margaret Hospital system with an increase in the proportion 

of patients treated in the other areas, especially Hamilton, London and Sudbury 

catchment areas.  

 

5.2.3 Radiation therapy 

We observed that adjuvant RT use has declined over time with the greatest use occurring 

from 1982-1985 with a range of 72.3-88.9% of patients being treated with RT. There has 

been a decline with 32.3% of seminoma patients treated with adjuvant RT in 2004. Based 

on the RT usage trends and date of diagnosis, we grouped patients into separate cohorts. 
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Interestingly the initial drop in RT use coincided with increasing interest in surveillance 

as a post-operative management strategy in the early to mid- 1980s. The first study to 

investigate surveillance in seminoma started in 1983 and was published in 1987 (89). 

These years coincide approximately with the peak and initial nadir in RT use in Ontario. 

For stage I non-seminoma the earliest published mention of surveillance was in 1982, 

with a study that started in 1979 (90). The Ontario guidelines for seminoma advocating 

for surveillance was published in 2008. A greater number of observational studies in 

favour of surveillance were published beginning in 1993 to 2003. It would appear that 

these initial studies and expert opinion were already exerting an effect on practice in 

Ontario much before the publication of a provincial guideline supporting the practice of 

surveillance.  

 

Comparing patient characteristics by adjuvant RT use, we found that in a multivariate 

analysis of ORs for RT use varied significantly by healthcare system factors (distance to 

hospital, diagnosing hospital size, and treatment centre/catchment area) and by time. 

Adjuvant RT use did not vary significantly by age, SES, or histology which differs from 

previous studies (91, 92). We observed that spermatocytic seminoma patients were less 

likely to receive RT compared to classic seminomas. However histology as a stratum did 

not vary significantly. As spermatocytic seminoma is considered highly treatable even in 

comparison with classic seminoma, this finding of reduced adjuvant RT use is not 

surprising (42). Patients living 180 km or more from a treating cancer centre were more 

likely to receive adjuvant RT compared to those living closest. Perhaps those living 

further were perceived to be less ideal candidates for a surveillance strategy as it would 
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have been inconvenient to return often to the cancer centre for more intensive follow up. 

In Ontario, the surveillance strategy includes follow up visits and CT scanning 

recommended every 3-4 months (2). Significantly higher ORs for adjuvant RT were 

found among patients who were diagnosed at smaller facilities (1-199 beds) in 

comparison with patients diagnosed in a 500+ bed hospital. It is likely that patients who 

were diagnosed at the smallest hospitals are less ideal candidates for surveillance because 

smaller hospitals are situated in more remote communities. This may not have been 

captured accurately or completely with the distance data as distance was a crude measure 

taken from the geographic midpoint of the patient's census area and not their home 

address. In terms of the actual treatment centre, all centres besides Sudbury had higher 

ORs for adjuvant RT compared to Toronto. As the CCO seminoma treatment guidelines 

were written and a majority of Ontario seminoma research is conducted largely by 

authors from Toronto, it should not be surprising that Toronto would be the first to adopt 

less adjuvant RT use.   

 

In comparing type of RT use, there was statistically significant variation in RT fields with 

a specific drop in the use of extended field or dog-leg RT (see appendix). It should be 

noted that there were already lower use of extended field RT occurring from 1982-1985 

with a sudden jump to 40.4% in 1986.  The first study investigating a reduced RT field 

was a 14-year prospective, observational study published in 1996, however a reduced RT 

field was already being proposed in 1981 (93, 94). It appears practice had already 

changed in Ontario with a reversion back to a reduced RT field before the 1996 trial.  
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5.2.4 Patient Outcomes 

In a Cox proportional hazards model including age, SES, and histology, there was no 

significant difference in hazard ratios for overall survival between the time cohorts. 

Therefore despite varying and decreasing adjuvant RT use represented by the different 

time cohorts, there was no significant difference in the hazard of death. Overall 5 year 

survival for early stage seminoma in Ontario is high at 97.5% for patients diagnosed 

between 1982 and 2004. From a univariate perspective, there was a small but significant 

increase in overall 5 year survival from the earliest cohort to the most recent cohort. As 

the multivariate analysis showed no significant difference after adjusting for age, SES 

and histology, the significant difference seen in the univariate comparison may have been 

affected by bias. The significant difference could be attributed to the chemotherapy data 

which was limited to 1992 onwards. Chemotherapy was used as a marker to select out 

more advanced disease. Increased misclassification could have occurred with more 

advanced disease being included in the earlier cohorts as those cases were not excluded. 

It must be noted that these survival differences are small with a less than 4 percent range. 

Together these results suggest that higher adjuvant RT use does not correlate with 

increased overall survival. Our results are comparable with a Norwegian and Swedish 

prospective non-randomized study. They found their clinical stage I seminoma patients 

had a 98.5% 5 year overall survival while among those treated with surveillance, 5 year 

overall survival was 98.4% (20).  

 

We excluded healthcare system variables in our multivariate model for survival including 

distance to treating cancer centre, size of diagnosing hospital and treating cancer centre. 
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These variables were all associated with adjuvant RT in that multivariate model (table 2). 

It is likely that these variables lie causal to adjuvant RT thus controlling for these factors 

would diminish any actual difference in outcomes we would like to observe for our 

exposure. The full model however has been included in the appendix.  

 

We observed for cancer specific 5 year survival a smaller range in differences for the 

time cohorts. The range in 5 year cancer specific survival is less than 2% with the 

comparison approaching statistical significance. Here cancer death refers to death from 

any cancer and not only seminoma. We were unable to explicitly study disease specific 

survival as we were unable to determine if death was from seminoma only from our data. 

Together these results suggest that higher adjuvant RT use does not correlate with 

increased cancer specific survival. A recent large Danish retrospective cohort study 

published in abstract form in 2013 found a 10 year cancer specific survival of 99.6% 

among patients followed with surveillance only (21). The Norwegian Swedish non-

randomized prospective study found a 5 year cancer specific survival of 99.9% among all 

their stage I seminoma patients and a 5 year cancer specific survival of 99.8% among 

those followed with surveillance (20). Our results are again comparable.  

 

Perhaps a more sensitive comparison would be relapse free survival because death from 

early stage seminoma is uncommon. It must be noted that relapse could not be identified 

with certainty from our data and thus we used a number of selection criteria as mentioned 

earlier. This likely had a large effect on the accuracy of our relapse free survival analysis. 

This will be addressed further in our limitations. Our comparison was not statistically 
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significant despite the varying usage of adjuvant RT from 74% in 1982-1986 to 42.8% in 

2001-2004. Our earliest cohort (1982-1986) had the lowest 5 year relapse free survival of 

89.6%. The Danish cohort study of only patients followed by surveillance had a 5 year 

relapse rate of 18.1% (21). In the Norwegian and Swedish study, among its surveillance 

patients, the 5 year relapse rate was 11.3% (20).  

 

Examining overall survival in a multivariate model and univariately by three different 

time-to-event analysis (overall, cancer specific, relapse free survival) we found that the 

1982-1986 time cohort, the cohort with the most RT use, did not have better outcomes 

when compared to the most recent cohort with the least adjuvant RT use. This lends 

credence to the argument that even with lowering of adjuvant RT use over the study 

period hard patient outcomes such as survival or relapse have not been adversely 

affected. Our results are comparable to the two population cohort studies that have been 

conducted in Europe (20, 21).  

 

Comparisons for age in a multivariate model and in univariate time-to-event analysis 

were all statistically significant. In the multivariate model, we found the 45-64 and 65+ 

age groups had significantly increased hazard ratios compared to the reference age group 

of 0-24. Univariately, we found that the oldest patients had the lowest overall, cancer 

specific and relapse free survival.  

 

Comparisons of patient’s neighbourhood median SES quintiles was significant in our 

multivariate model, with the 4
th

 and 5
th

 SES quintiles having significantly lower hazard 
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ratios. Comparisons of SES were significant for overall survival but not for cancer 

specific survival or relapse free survival. Patients with higher SES measures had higher 

overall survival. As a social determinant of health, a patient’s SES has a large impact on 

quality of life, health literacy and ultimately survival (95, 96). It is not surprising to see a 

statistically significant trend for higher survival among those who live in more affluent 

neighbourhoods. Restricting the time-to-event analysis to cancer specific survival 

removes the statistical significant contribution of SES to survival. The differences in 5 

year overall survival are also not very large so it is not surprising that by including 

relapses into survival that the differences would be minimized further. Taken together, 

this data would support the notion that given the highly treatable nature of seminoma, a 

person's SES as measured by neighbourhood median income may have less effect on 

disease specific outcomes such as cancer specific survival or relapse free survival.  

 

The different histology did not have significantly different hazard ratios in our 

multivariate model demonstrating that controlling for age, SES, and time ameliorated the 

significant differences seen in the Kaplan Meier survival curves. Despite anaplastic 

seminoma having been amalgamated into classic seminoma, we found that pathologists 

continued to identify it as a separate entity in small numbers throughout our study period. 

From our univariate analysis, anaplastic seminoma seems to have higher rates of relapse 

compared to the other two histologies. Therefore because of some studies finding worse 

outcomes in anaplastic seminomas, clinicians may be biased to treat more aggressively 

(98, 99). Based on these possible perceptions, it was included in the final model. 

Univariately, spermatocytic seminoma had a greatly decreased overall 5 year survival at 
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91.5% compared to anaplastic and classic seminoma. But again this is not seen in our 

multivariate model, nor is it seen for cancer specific survival. From the literature, 

spermatocytic seminoma has a better prognosis but it is noted to affect older individuals 

which would explain why in our univariate analysis it had a lower overall survival (97).  

 

5.2.5 Patient Morbidity 

We examined a number of morbidity markers including acute hospitalizations, 

hospitalizations occurring further from surgery date, and occurrence of second cancers. 

Since these were secondary analysis, we only examined these outcomes in comparison to 

time.  

 

Hospitalization within 270 days of orchidectomy was used as a marker for acute 

morbidity. We observed that the percentage of patients hospitalized was less in each 

cohort when compared to the 1982-1986 cohort. The OR for hospitalization among all 

time cohorts in comparison to the 1982-1986 cohort were all significantly reduced. 

However it may be difficult to make generalizations about these findings as 

hospitalizations and hospital utilization were known to be decreasing over time in 

Ontario, Canada and in the United States (100-102). The Ontario study found a 30% 

decrease in the days of hospital care provided from 1991 to 1996.  

 

Long term morbidity was defined as hospitalizations over 270 days up to 5 years after 

orchidectomy. In the initial analysis, the 2001-2004 cohort was excluded as the 

administrative data base in use only had data up till Dec 29, 2006 and therefore could not 
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provide complete follow up for long term morbidity. As previously observed with 

hospitalizations within 270 days, there was a decrease in hospitalizations from 270 days 

to 5 years after surgery when compared with the earliest cohort. With Kaplan Meier 

estimates, the 2001-2004 cohort was included in the analysis as the time-to-event analysis 

allows comparison of curves without complete follow-up information. It is difficult to 

draw any strong conclusions from these findings other than the fact that hospitalizations 

have been decreasing over the years. Relating this to adjuvant RT use would be difficult 

also since there are external factors that are contributing to decreasing hospitalizations 

not taken into account by our analysis (100). Further analysis on the reason and primary 

diagnosis for admission may yield more results.  

 

We observed that the probability of developing a second cancer post orchidectomy was 

not significantly different between the time cohorts. However second cancers as a result 

of adjuvant RT usually arise 10 years or more after the initial administration of radiation 

(3-5, 53). Therefore we did not expect to find any differences with our short follow-up.  

 

5.3 Study Limitations  

Retrospective studies face problems of treatment selection bias and referral bias that may 

make treatment groups incomparable due to differences in case-mix (103). However this 

study is population-based and focused on a population of seminoma patients enriched for 

stage I. Using the entire Ontario population and time of diagnosis as the method for 

dividing patients into cohorts should have greatly reduced the effects of both treatment 

and selection biases. 
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This study relies only on administrative data, thus the analysis and questions that can be 

asked are limited by the information that is accessible (104). Our dataset lacked 

information on race and ethnicity. Race is an important risk factor as seminoma is known 

to adversely affect Caucasian males more so than African-Canadians, Asians and 

Hispanic males (27, 28). We were unable to explore or stratify our results according to 

ethnicity. Other known risk factors such as family history and history of undescended 

testis were also lacking in our dataset and so could not be investigated.  

 

Another limitation of our study was lack of prognostic variables in our dataset, 

specifically staging information. We were unable to assess whether there was any change 

in staging or severity of disease over time. This is important as testicular cancer and 

seminoma incidence is increasing. We cannot comment on whether the increasing 

incidence is proportional for all stages and severities. Further prognostic information 

important for risk of relapse in seminoma was not available including tumor size >4 cm 

and presence of rete testis invasion and thus could not be accounted for in our analysis 

(43). A small subset of seminoma patients also secrete a specific tumor marker, beta-

HCG, which can be used for follow-up and aid in the identification of relapse (50). 

Additionally patients are also followed with LDH. We did not have any data on beta-

HCG or LDH. The distribution of the risk factor and prognostic factor describe above 

could have changed over time in the study population but without specific information, it 

was not possible to control for their effects. Additionally complete follow-up information 

on the more recent cases and thus the more recent cohorts were not available at time of 
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analysis. As time was an important basis for comparison, less follow-up information may 

have potentially biased the study results more favourably for the more recent cohorts.  

 

The focus of our study was on stage I seminoma but because of lack of stage information 

we used specific exclusion criteria to select for early stage seminoma. Although the 

selection process included all stage I patients in the study population, it is likely that there 

was some misclassification and contamination from stage II patients. This contamination 

was expected to be uniform throughout the cohorts and was expected to be minor since 

stage II patients make up less than 10% of the patient population in Ontario while stage I 

patients account for more than 85%. Stage II patients do have slightly lower survival 

outcomes so contamination may have biased our results in a non-differential manner and 

reduced the outcome and survival estimate differences. Also by excluding patients treated 

within 180 days with chemotherapy as a marker for more advanced disease, it is possible 

we could have removed patients with stage I seminoma who had relapsed early and were 

receiving chemotherapy for salvage therapy. Relapses can occur as early as 3 months 

(106).  Although this criteria was applied evenly to all cohorts, there was  increasing use 

of surveillance in the later cohorts and chemotherapy data was only available from 1992 

onwards. These factors could have contributed to increased erroneous exclusion of stage I 

patients in the more recent cohorts. These patients with early relapse of stage I disease 

would have contributed important data for patient outcomes such as survival and relapse 

in the later analysis.  
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From the data, it was not possible to definitively identify patients who were managed 

post-operatively by adjuvant RT or surveillance. Patients who had received RT within 

180 days of surgery were identified as having undergone adjuvant RT otherwise if there 

was no RT administration within 180 days of surgery they were labelled as having been 

managed by surveillance. Increasing the number of days in the definition for adjuvant RT 

increases the likelihood of capturing all patients treated adjuvantly but also increases the 

likelihood of including patients being treated for relapse with RT. These patients would 

have otherwise been classified under surveillance. We cannot say for certain how much 

misclassification occurred but there was likely a strong relation with RT wait times in 

Ontario. Our higher cut-off of 180 days would have captured more adjuvant RT cases if 

wait times were long and would likely have more misclassification with relapse RT if 

wait times were shorter. From one study looking at adjuvant RT wait times in Ontario 

between 1982-1991, the median wait times ranged from 27 days for cervical cancer to 93 

days for prostate cancer (57). Testicular cancer was not examined specifically. That study 

also found increasing wait times over their study period from 1982-1991 of 178.7%, 

105.6%, and 62.9% for larynx, cervix and prostate respectively. In a more recent study of 

breast cancer patients in Ontario between 1995-2003, the median wait time to 

postoperative RT was 75 days with an interquartile range of 57-97 days (109). The more 

recent cohort of 2000-2003 had longer wait times for postoperative RT with 51.2% of 

patients waiting for >75 days compared to 31.1% of patients in their 1995-1999 cohort. 

With these long wait times, especially for prostate cancer with a median wait time of 90+ 

days, 180 days post surgery likely captured the majority of adjuvant RT patients. Most 
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relapses are also managed by chemotherapy and so should help to minimize 

misclassification (106).  

 

Our measure for relapse free survival likely underestimated the true rate of relapse. From 

our data we could not definitively identify patients who relapsed and so used a number of 

criteria that likely represented relapse. We relied primarily on use of chemotherapy and 

RT 180 days post surgery onwards as a marker of relapse. The chemotherapy data in this 

study was incomplete as we did not have information from community hospitals and 

from one major centre, Princess Margaret Hospital, that administers a large amount of 

chemotherapy in Ontario. Additionally our limited chemotherapy data collection began in 

1992 and so we lack information for the cohorts that were diagnosed earlier. All of these 

factors likely contributed to our inability to detect relapses fully and gives a falsely high 

relapse free survival. It would be expected that this bias would become increasingly 

important in the more recent cohorts as more patients were administered chemotherapy in 

large community sites.  

 

Another issue in regards to relapse is intensity of follow up. Patients who undergo 

surveillance usually have a strict follow up schedule of clinic visits and imaging. From 

CCO guidelines, patients who undergo adjuvant RT should also be followed with a strict 

schedule of clinic visits and imaging especially those who underwent para-aortic RT 

instead of extended field or dog-leg RT. However, there is a potential that patients treated 

with RT could undergo less stringent follow up. Patients would therefore present later 

and with more advanced disease. This would bias results for relapse free survival in 
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favour of adjuvant RT only because more stringent screening in surveillance patients 

would identify relapses earlier.  

 

Our study also did not examine the impact of adjuvant chemotherapy on patient 

outcomes. However, this cohort of patients was managed before evidence for adjuvant 

chemotherapy was published in 2005 and therefore should be considered a pre-adjuvant 

chemotherapy study (61). It is possible some clinicians were using adjuvant 

chemotherapy as an option but this was expected for a very small minority of patients. 

The population-based cohort study from British Columbia indicate that the use of 

adjuvant chemotherapy with single agent carboplatin was 10% or less prior to 2004 and 

really only surpassed 20% from 2005 onwards (106).  

 

A final limitation of our study is the timeliness or recentness of our data. The follow up 

data are 6 years out of date. However this issue remains important today in seminoma 

management and the cohorts used in the study remain relevant in helping to answer 

questions in adjuvant RT in seminoma.  

 

5.4 Study Strengths  

The primary strength of our study is our use of a population-based, administrative data 

set. Because all seminoma patients in Ontario from 1982-2004 were selected with no 

sampling method, there should be no referral or selection bias (105).  As seminoma is not 

a common disease, this sampling method was necessary in order to conduct a properly 

powered study. Previous single institution studies are subject to referral/selection biases.  
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Due to the population-based nature of the study, the findings should be valid for Ontario 

patients who have or will develop seminoma. Although it is possible practice patterns for 

seminoma patients may vary across Canada, the other provinces have similar cancer 

treatment systems and are expected to have similar access to cancer care as Ontario. 

Considering the similarities, the findings of this study should be applicable to other 

provinces and likely to other developed countries with a modern cancer care system.  

 

5.5 Societal Benefits 

There are a number of important benefits that society and men would reap with the 

adoption of surveillance as the primary post-surgical management method for stage I 

seminoma. In Ontario, 2802 cases of seminoma were diagnosed between 1964 and 1996 

(113). In Canada, most recent data show that 830 men were diagnosed with testicular 

cancer in 2007, of these approximately 40-45% likely had stage I seminoma (114). With 

the widespread adoption of surveillance, based on the above 2007 data, potentially 330-

370 men with stage I seminoma per year in Canada could avoid adjuvant RT along with 

the acute toxicities and late complications.  

 

From previous studies, the relative risk of a second malignancy was 1.9 in men with 

testicular cancer treated with adjuvant RT who had survived for 10 years compared to the 

base population (5). This risk remain elevated for 35 years. For the average man 

diagnosed with seminoma at age 35 and followed for 40 years the cumulative risk of 

second cancer was 36% compared to 23% in the base population (5). We could crudely 
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apply these risks to the men diagnosed in 2007 with stage I seminoma. Assuming our 

estimated cohort of 330-370 Canadian men with stage I seminoma in 2007 was diagnosed 

around the age of 35, lived for 40 years, and were all treated with adjuvant RT this could 

possibly result in an excess of 43-48 second cancers over the next 40 years of follow up 

for that group of men alone. Historically this would have been the case with routine use 

of adjuvant RT.  

 

Similarly, cardiac events are increased in those treated with adjuvant RT by 2-3 times. In 

one study from the UK, in patients diagnosed with stage I seminoma followed for a 

median of 10.2 years, 9.57% those treated with adjuvant RT had a cardiac event 

compared to 3.72% of those followed by surveillance (4). Cardiac events were defined as 

death from myocardial infarction, angina or MI on family physician forms, cardiac 

abnormality, angina or MI on follow up visits, or cardiac surgery for coronary disease. 

Again using crude estimation methods, if adjuvant RT was given to all 330-370 patients 

diagnosed with stage I seminoma in Canada in 2007, after approximately 10 years of 

follow up there would be an excess of 19-22 cardiac events as defined by Huddart et al.  

 

The cost of surveillance versus adjuvant RT has been investigated in two studies, one 

from Canada and one from the US. The Canadian study found that surveillance cost an 

additional $2620CAD over 10 years as compared to adjuvant RT. These costs were 

estimated in 1994 Canadian dollars (110). The US study found that over a 5 year period 

of follow up, surveillance was 39% more expensive at $27,223 compared to  adjuvant RT 
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at $19,557 (111). However, these costs were based purely on follow up visits and 

investigations. Costs for late complications of RT were not evaluated in either study.  

 

5.6 Contribution of Research  

The incidence of seminoma has been increasing over time and particularly among 

Caucasian men in developed nations. There are likely changes to exposures and risk 

factors that have so far eluded detection. Further epidemiological study is needed to 

understand the etiology of this rise. Although testicular cancer remains the number one 

malignancy in young men, it is an uncommon disease in comparison with other 

malignancies.  

 

Surveillance was first studied as a possible management option in seminoma as early as 

1983 (89). Although Ontario’s guideline for seminoma only recently adopted 

surveillance, this study suggests actual adoption in practice occurred earlier. The Ontario 

recommendations are based on observational data and since no RCT was ever or will 

likely ever be conducted, a population-based study was needed to show its effectiveness. 

At the time of conception this was the first population-based study of stage I seminoma. 

Currently one British Columbia study and two other population-based studies from 

Europe have showed surveillance to be a viable option in the post-surgical management 

of stage I seminoma. Additional studies on prognostic factors and its effect on patient 

outcomes should be examined in relation to surveillance. If strong prognostic factors for 

relapse are found, perhaps recommending adjuvant RT or chemotherapy in those cases 

would be warranted.  
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Seminoma remains one of the most highly curable malignancies therefore underscoring 

the importance of treatment related toxicities. As systemic chemotherapy and RT remains 

in the arsenal of seminoma treatment especially in more advanced disease, further 

research into toxicities and second malignancies are needed.  

 

In conclusion, our study supports the use of surveillance as an appropriate post-surgical 

management strategy for early stage seminoma. In Ontario, practitioners have already 

adopted surveillance as the major post-surgical management method with no adverse 

impact on patient outcomes. Our research also provides health care practitioners with 

important information on the increasing burden of testicular cancers in Ontario.  
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Chapter 6: Appendix – Supplemental Results 

 

6.1 Age specific incidence 

 

Figure 15: Age specific incidence rates in Ontario of all testicular cancers, 

seminoma and non-seminoma from 1990 to 1999.  

 

Figure 15 focuses on a ten year span from 1990 till 1999. Males are divided according to 

age group. The peak incidence for testicular cancer was found to be among males aged 

30-34 with an incidence of 11.87 per 100,000. Seminoma exhibited a peak incidence rate 

of 7.27 per 100,000 among males aged 30-34 while non-seminoma had an earlier peak of 

5.68 per 100,000 males aged 20-24.  
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6.2 Additional surgery analysis  

Table 7: The use of surgery among Seminoma patients from 1982 to 2004.  

 

Of the 3215 seminoma patients in Ontario between 1982 and 2004, 3017 received 

surgery and 198 did not. Surgery was defined as an orchiectomy within 180 days after 

diagnosis of seminoma or 90 days before diagnosis of seminoma. We strongly 

suspect this was artefact and likely due to incomplete or missing data. 

Year Surgery No Surgery Total Cases % Surgery % No Surgery 

1982 83 5 88 94.3% 5.7% 

1983 93 3 96 96.9% 3.1% 

1984 77 5 82 93.9% 6.1% 

1985 117 4 121 96.7% 3.3% 

1986 117 3 120 97.5% 2.5% 

1987 110 4 114 96.5% 3.5% 

1988 113 2 115 98.3% 1.7% 

1989 148 4 152 97.4% 2.6% 

1990 131 11 142 92.3% 7.7% 

1991 121 6 127 95.3% 4.7% 

1992 123 4 127 96.9% 3.1% 

1993 139 9 148 93.9% 6.1% 

1994 161 9 170 94.7% 5.3% 

1995 131 6 137 95.6% 4.4% 

1996 144 9 153 94.1% 5.9% 

1997 139 13 152 91.4% 8.6% 

1998 135 13 148 91.2% 8.8% 

1999 145 16 161 90.1% 9.9% 

2000 144 12 156 92.3% 7.7% 

2001 164 22 186 88.2% 11.8% 

2002 165 9 174 94.8% 5.2% 

2003 152 21 173 87.9% 12.1% 

2004 165 8 173 95.4% 4.6% 

1982-2004 3017 198 3215 93.8% 6.2% 



 96 

Table 8: Factors associated with surgery in seminoma patients, 1982-2004. 

Differences in total patient numbers due to missing data.  Asterisks indicate 

statistically significant differences by p value.  

 

  Surgery No Surgery Total Patients p values 

Age         

0-24 93.2% 6.8% 207   

25-44 94.0% 6.0% 2299   

45-64 93.5% 6.5% 585   

65+ 94.4% 5.6% 124   

Total Patients 3017 198 3215 0.95 

SES, quintiles         

1 93.9% 6.1% 526   

2 94.7% 5.3% 639   

3 94.5% 5.5% 597   

4 94.8% 5.2% 575   

5 95.1% 4.9% 655   

Total Patients 2831 161 2992 0.93 

Histology         

Classic Seminoma 93.5% 6.5% 2891   

Anaplastic 97.3% 2.7% 264   

Spermatocytic 93.3% 6.7% 60   

Total Patients 3017 198 3215 * 0.047 

Cancer Centre / Catchment         

Ottawa 91.0% 9.0% 335   

Toronto: Sunnybrook and PMH 95.0% 5.0% 1490   

Hamilton 94.5% 5.5% 490   

Kingston 94.9% 5.1% 156   

London 94.7% 5.3% 413   

Thunder Bay 77.8% 22.2% 63   

Windsor 96.4% 3.6% 111   

Sudbury 93.6% 6.4% 110   

Total Patients 2981 187 3168 * <0.001 

Time         

1982-1986 96.1% 3.9% 507   

1987-1991 95.8% 4.2% 650   

1992-1996 95.0% 5.0% 735   

1997-2000 91.2% 8.8% 617   

2001-2004 91.5% 8.5% 706   

Total Patients 3017 198 3215 * <0.001 

 

Analysis between surgery status and patient characteristics is summarized in table 8. 

There was no significant difference in the proportion of seminoma patients receiving 

surgery and those not receiving surgery across different SES groups and age groups with 
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p-values of 0.93 and 0.95 respectively. However, there was a significant difference in the 

proportion of seminoma patients receiving surgery and those not receiving surgery across 

the following variables: histology (p = 0.047), the time cohort of diagnosis (p < 0.001), 

and centre where the patient was diagnosed (p <0.001). Upon closer inspection, it would 

appear that a greater proportion of patients with an anaplastic histologic subtype received 

surgery compared to classic and spermatocytic histologic subtypes; a greater proportion 

of patients diagnosed between 1982 and 1996 received surgery compared to patients 

diagnosed between 1997 and 2004; and there was a great amount of variation among the 

different centres. For example, in Thunder Bay, only 77.8% of seminoma patients 

received surgery while in Windsor, 96.4% of seminoma patients received surgery.  

 

There was some missing data: 223 patients were missing information on median income 

quintiles, and 47 patients were missing information on treating cancer centre or 

catchment area.  
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Table 9: Multivariate analysis of factors associated with surgery in seminoma 

patients, 1982-2004. Asterisks indicate statistically significant results by 95% 

confidence intervals.  

 

OR for surgery Multivariate Logistic Regression 

Age OR for surgery 95% CI      

0-24 1.00 reference    

25-44 0.86 0.42 1.73   

45-64 0.91 0.42 1.98   

65+ 0.87 0.27 2.75   

SES         

1 1.00 reference     

2 1.14 0.69 1.89   

3 1.18 0.71 1.97   

4 1.24 0.73 2.10   

5 1.29 0.76 2.18   

Histology       

Classic Seminoma 1.00 reference    

Anaplastic 1.36 0.62 3.01   
Spermatocytic 1.58 0.36 6.88   

Cancer Centre / 
Catchment         

Sunnybrook and PMH 1.00 reference     

Ottawa 0.47 0.29 0.76 * 

Hamilton 0.78 0.47 1.27   

Kingston 0.81 0.37 1.76   

London 0.83 0.49 1.42   

Thunder Bay 0.15 0.07 0.28 * 

Windsor 1.50 0.46 4.91   

Sudbury 0.85 0.35 2.06   

Time         

1982-1986 1.00 reference    

1987-1991 0.92 0.44 1.92   

1992-1996 0.70 0.35 1.42   

1997-2000 0.43 0.22 0.85 * 

2001-2004 0.52 0.26 1.04   

 

Table 9 shows further multivariate analysis examining factors associated with surgery. 

Controlling for other factors, we found that only Ottawa, Thunder Bay had lower ORs for 

surgery and patients diagnosed between 1997 and 2000.   
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6.3 Additional radiation therapy analysis 

 

 

Figure 16: Median time to adjuvant RT for seminoma patients, 1982 to 2004  

 

Median time to adjuvant RT from date of surgery from 1982 to 2004 is shown in figure 

16. Median time to RT from diagnosis has increased from 35 days in 1982 to 64 days in 

2004 with a maximum median time in both 2001 and 2002 of 80 days. 
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Figure 17: Adjuvant radiation therapy use in seminoma patients by time cohort, 

1982-2004 

 

A grouped version of adjuvant RT use is shown in figure 17 with patients grouped into 

their time cohorts with a similar decreasing trend being observed.   

 

Radiotherapy use: Seminoma patients with orchiectomy, 
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Table 10: Factors associated with the use of adjuvant RT, 1982-2004 

 RT No RT Total Patients p values 

Age         

0-24 53.6% 46.4% 179   

25-44 57.0% 43.0% 1910   

45-64 59.5% 40.5% 479   

65+ 48.9% 51.1% 92   

Total 1515 1145 2660 0.21 

SES, quintiles         

1 56.9% 43.1% 434   

2 61.5% 38.5% 533   

3 59.4% 40.6% 505   

4 51.6% 48.4% 481   

5 49.7% 50.3% 561   

Total 1402 1112 2514  <0.0001 

Histology         

Classic Seminoma 57.1% 42.9% 2398   

Anaplastic 60.5% 39.5% 215   

Spermatocytic 31.9% 68.1% 47   

Total 1515 1145 2660 0.0002 

Cancer Centre / Catchment         

Sunnybrook and PMH 66.9% 33.1% 260   

Ottawa 42.7% 57.3% 1296   

Hamilton 69.0% 31.0% 368   

Kingston 80.9% 19.1% 141   

London 75.2% 24.8% 339   

Thunder Bay 82.9% 17.1% 41   

Windsor 85.9% 14.1% 92   

Sudbury 52.1% 47.9% 96   

Total 1513 1120.0 2633  <0.0001 

Distance, km         

0-15 55.5% 44.5% 952   

15-60 53.0% 47.0% 935   

60-180 59.2% 40.8% 542   

180+ 67.4% 32.6% 86   

Total 1403 1112 2515  <0.0001 

Diagnosing hospital size, beds         

1-199 71.0% 29.0% 224   

200-299 67.8% 32.2% 428   

300-399 52.0% 48.0% 358   

400-499 70.6% 29.4% 385   

500+ 55.7% 44.3% 576   

Total 1228 743 1971 <0.0001 

Time         

1982-1986 74.0% 26.0% 385   

1987-1991 54.2% 45.8% 530   

1992-1996 64.7% 35.3% 624   

1997-2000 54.0% 46.0% 522   

2001-2004 42.9% 57.1% 599   

Total 1515 1145 2660  <0.0001 
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Table 10 shows factors potentially associated with the use of adjuvant RT. Statistical 

significance was established using Pearson’s chi-square. Age, with a p value of 0.21, was 

not found to be significantly associated with RT use. However every other patient 

variable tested was significant including SES (p value <0.0001), histology (p value 

0.0002), treating cancer centre (p value <0.0001), distance from cancer centre (p value 

<0.0001), size of diagnosing hospital (p value <0.0001), and time cohort (p value 

<0.0001).   

 

Patients with SES neighbourhood quintiles of 4 and 5 was associated with less RT use at 

51.6% and 49.7% respectively compared to SES quintiles of 1, 2 and 3. Spermatocytic 

seminoma was associated with less RT use at 31.9% compared to classic and anaplastic 

types. Toronto and Sudbury were associated with the lowest RT use at 42.7% and 52.1% 

respectively whereas the next lowest was Ottawa at 66.9%. Those who lived furthest 

from a treating cancer centre at 180 km or more was associated with less RT use at 

67.4%. Patients diagnosed at hospitals of large size with 500+ beds and intermediate size 

of 300-399 beds were associated with less RT use at 52.0% and 55.7%. The percentages 

of RT use in association with date of diagnosis has already been described previously.  
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Table 11: Univariate and multivariate model of factors associated with the use of 

adjuvant RT, 1982-2004. Asterisks indicates statistically significant differences by 

95% confidence intervals. 

 

OR for radiation therapy Multivariate Logistic Regression Univariate Logistic Regression   

Age OR for RT 95% CI      OR for RT 95% CI     

0-24 1 reference    1.00 reference     

25-44 1.25 0.89 1.77   1.15 0.84 1.56   

45-64 1.33 0.90 1.97   1.27 0.90 1.79   

65+ 1.01 0.55 1.85   0.83 0.50 1.37   

SES                 

1 1.00 reference     1.00 reference     

2 1.13 0.86 1.50   1.21 0.94 1.57   

3 1.15 0.86 1.53   1.11 0.85 1.44   

4 1.02 0.77 1.36   0.81 0.62 1.05   

5 1.09 0.82 1.45   0.75 0.58 0.96 * 

Histology                 

Classic Seminoma 1.00 reference    1.00 reference    

Anaplastic 0.97 0.69 1.37   1.15 0.86 1.53   

Spermatocytic 0.36 0.18 0.73 * 0.35 0.19 0.65 * 

Cancer Centre / Catchment                 

Sunnybrook and PMH 1.00 reference     1.00 reference     

Ottawa 3.36 2.50 4.52 * 2.72 2.05 3.60 * 

Hamilton 3.63 2.80 4.72 * 2.99 2.34 3.83 * 

Kingston 6.79 4.28 10.76 * 5.67 3.68 8.75 * 

London 5.08 3.80 6.78 * 4.08 3.11 5.34 * 

Thunder Bay 7.07 3.05 16.34 * 6.53 2.87 14.83 * 

Windsor 9.68 5.24 17.88 * 8.16 4.49 14.82 * 

Sudbury 1.90 1.23 2.95 * 1.46 0.96 2.21   

Time                

1982-1986 1.00 reference    1.00 reference    

1987-1991 0.43 0.30 0.60 * 0.41 0.31 0.55 * 

1992-1996 0.67 0.47 0.94 * 0.64 0.49 0.85 * 

1997-2000 0.39 0.27 0.55 * 0.41 0.31 0.55 * 

2001-2004 0.23 0.16 0.33 * 0.26 0.20 0.35 * 

 

Table 11 is a restricted model of OR for adjuvant RT with two healthcare system factors 

removed (distance to cancer centre and size of diagnosing hospital).  
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Table 12: Para-aortic RT versus Dog-Leg RT by time cohort, 1982-2004 

  1982-1986 1987-1991 1992-1996 1997-2000 2001-2004 Total 

Para-aortic        

Patients 224 215 357 243 227 1266 

(%) 78.32 74.65 88.37 86.17 88.33 83.45 

Dog-Leg        

Patients 62 73 47 39 30 251 

(%) 21.68 25.35 11.63 13.83 11.67 16.55 

Total 286 288 404 282 257 1517 

  p value <0.001   

 

Table 12 shows an analysis of the 1517 patients who received RT. In our population 1266 

patients received para-aortic lymph node RT and 251 received dog-leg RT which 

included para-aortic lymph nodes and the ipsilateral iliac or inguinal lymph nodes. There 

was a decrease in the amount of dog-leg RT from the 1982-1986 cohort at 21.68% to 

11.67% by the 2001-2004 cohort. The drop appears to occur between the 1987-1991 

cohort with 25.35% and the 1992-1996 cohort with 11.63%.  
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Table 13: Para-aortic RT versus Dog-Leg RT by year, 1982-2004 

Year 
Para-aortic 

 
Dog-Leg 

 Total 

  Patients (%) Patients (%)   

1982 40 87.0 6 13.0 46 

1983 53 81.5 12 18.5 65 

1984 42 84.0 8 16.0 50 

1985 55 80.9 13 19.1 68 

1986 34 59.7 23 40.4 57 

1987 30 66.7 15 33.3 45 

1988 35 74.5 12 25.5 47 

1989 47 70.2 20 29.9 67 

1990 43 69.4 19 30.7 62 

1991 60 89.6 7 10.5 67 

1992 56 84.9 10 15.2 66 

1993 74 93.7 5 6.3 79 

1994 84 92.3 7 7.7 91 

1995 73 88.0 10 12.1 83 

1996 70 82.4 15 17.7 85 

1997 65 84.4 12 15.6 77 

1998 62 91.2 6 8.8 68 

1999 55 78.6 15 21.4 70 

2000 61 91.0 6 9.0 67 

2001 64 85.3 11 14.7 75 

2002 68 90.7 7 9.3 75 

2003 53 91.4 5 8.6 58 

2004 42 85.7 7 14.3 49 

Total 1266   251   1517 

p value <0.001 

 

In table 14, a year by year analysis revealed a sharp decrease in dog-leg RT for patients 

diagnosed in 1990 to patients diagnosed in 1991 from 30.65 to 10.45% respectively. 

Previous to this decrease, dog-leg RT utilization ranged from 13.04% to 40.35%. After 

this decrease, dog-leg RT utilization ranged from 21.43% to 6.33%.  
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6.4 Additional survival analysis 

 

Figure 18: Overall 25 year survival for early stage seminoma, 1982-2004. Note 

vertical axis range.  

 

Figure 18 showed overall survival at 25 years for all early stage seminoma patients 

diagnosed between 1982 and 2004 was 81.9%.  
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Figure 19: Overall 5 year survival by age, 1982-2004. Note vertical axis range.  

 

The overall survival was significantly different between age groups with a log–rank p-

value of <0.0001 (figure 19). The 0-24 age group had a 5 year survival of 99.4%. The 25-

44 age group had a 5 year survival of 98.8%. The 44-54 age group had a 5 year survival 

of 95.6%. The 65+ age group had a 5 year survival of 78.3%.  
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Figure 20: Overall 5 year survival by histology, 1982-2004. Note vertical axis range.  

 

The overall survival was significantly different by histology with a log-rank p-value of 

<0.0001 (figure 20). Classic seminoma had a 5 year survival of 97.8%. Anaplastic 

seminoma had a 5 year survival of 96.7%. Finally, spermatocytic seminoma had the 

lowest 5 year survival at 91.5%.  

 

<0.0001 
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Figure 21: Overall 5 year survival by SES quintiles, 1982-2004. Note vertical axis 

range.  

 

The overall survival was significantly different between SES quintiles with a log–rank p-

value of 0.14 (figure 21). The first or lowest quintile had the lowest 5 year survival of 

95.6%. The second quintile had a 5 year survival of 97.9%. The third quintile had a 5 

year survival of 97.8%. The fourth quintile had a 5 year survival of 98.5%. The fifth or 

highest quintile had the highest 5 year survival of 98.8%. 

 

 

 

0.014 
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Figure 22: Overall 5 year survival by treating cancer centre or catchment, 1982-

2004. Note vertical axis range.  

 

The overall survival was not significantly different by treating cancer centres or 

catchment area with a log–rank p-value of 0.2478 (figure 22). The survivals ranged from 

93.6% in Kingston to 100% in Windsor. 

0.2478 
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Figure 23: Cancer specific 5 year survival by age, 1982-2004. Note vertical axis 

range.  

  

The cancer specific survivals were also significantly different between the age groups 

with a log–rank p-value of 0.0051 (figure 23). The ranges were much closer in this 

comparison. With the 25-44 age group with the highest 5 year survival at 99.4% and the 

65+ age group with the lowest 5 year survival at 98.9.%. 

0.0051 
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Table 14: Full multivariate overall survival model. Asterisks indicate statistically 

significant differences by p-value or 95% confidence intervals.   

Cox proportional hazards 
Hazard 
Ratio 

95% Confidence  
Cox strata 

p-value 
RT use 

OR 
RT strata 
p-value 

Age           

0-24 1.00 reference    * <0.0001 1.00  0.2041 

25-44 0.862 0.306 2.429   1.27  

45-64 5.652 2.024 15.78 *  1.40  

65+ 31.344 10.799 90.972 *  0.78  

SES           

1 1.00 reference    0.0886 1.00   0.9683 

2 0.729 0.444 1.197   1.11  

3 0.634 0.359 1.12   1.12  

4 0.541 0.298 0.981 *  1.08  

5 0.437 0.234 0.818 *  1.10  

Histology          

Classic Seminoma 1.00 reference    0.3876 1.00   0.1125 

Anaplastic 1.465 0.847 2.534 *  0.97  

Spermatocytic 1.145 0.568 2.308   0.41  

Distance (km)        

0-15 1.00 reference   0.99 1.00 * 0.0491 

15-60 0.928 0.588 1.464   0.92  

60-180 0.938 0.552 1.597   0.80  

180+ 0.955 0.394 2.315   2.06  

Beds        

500+ 1.00 reference   0.1011 1.00  * 0.0469 

1-199 0.656 0.325 1.326   1.78  

200-299 0.55 0.309 0.98 *  1.18  

300-399 0.765 0.418 1.4   0.98  

400-499 1.173 0.661 2.08   1.18  

Cancer Centre / Catchment        

Sunnybrook and PMH 1.00 reference   0.7497 1.00 * <0.0001 

Ottawa 1.385 0.659 2.909   3.38  

Hamilton 1.378 0.79 2.405   3.71  

Kingston 1.585 0.746 3.368   5.92  

London 1.461 0.796 2.684   4.53  

Thunder Bay 2.683 0.75 9.589   4.31  

Windsor 1.341 0.39 4.616   27.36  

Sudbury 1.249 0.273 5.722   0.922  

RT           

No RT 1.00 reference    0.1854   

RT 0.761 0.507 1.14     

Time           

1982-1986 1.00 reference    0.2006 1.00  * <0.0001 

1987-1991 0.933 0.563 1.547   0.39  

1992-1996 0.698 0.395 1.233   0.58  

1997-2000 0.41 0.177 0.953 *  0.45  

2001-2004 1.031 0.431 2.47   0.23  
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The full model shown on the previous page includes all variables used in this study (table 

14). This is a Cox’s proportional hazards model of overall survival. By including all 

variables age is the only stratum with statistically significant variation (p = <0.0001). 

Some other strata do include statistically significant comparison as indicated by 95% 

confidence intervals but overall p values are not significant. These variables include 

neighbourhood SES quintile, histology, diagnosing hospital size, treating cancer centre / 

catchment area and time cohort. These are shown in relation to the ORs for adjuvant RT 

use.  
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Table 15: Multivariate overall survival analysis by Cox’s Proportional Hazards - 

Factors affecting seminoma patient mortality, RT use included, 1982-2004. Asterisks 

indicate statistically significant differences by p-value or 95% confidence intervals.   

 

Cox proportional hazards 
Hazard 
Ratio 

95% Confidence  
Cox strata 

p-value 

Age         

0-24 1.00 reference     * <0.0001 

25-44 1.10 0.40 3.06   

45-64 5.89 2.13 16.30 *  

65+ 30.95 10.85 88.29 *  

SES         

1 1.00 reference     * 0.0280 

2 0.70 0.44 1.11   

3 0.62 0.37 1.04   

4 0.49 0.29 0.85 *  

5 0.48 0.29 0.80 *  

Histology        

Classic Seminoma 1.00 reference    0.1195 

Anaplastic 1.66 1.03 2.69 *  

Spermatocytic 1.1 0.57 2.11   

RT         

No RT 1.00 reference    0.3590 

RT 0.85 0.60 1.20   

 

Cox’s proportional hazards model for overall survival was also applied to a model 

including RT use but without the time cohorts to specifically investigate this comparison 

directly (table 15). This was a direct comparison between RT use and no RT use. The 

same covariates from the previous model were used again: age, SES, and histology. The 

hospital/system variables such as treating cancer centre, distance to nearest cancer centre 

and diagnosing hospital size were excluded for the same reasons stated previously. There 

was no significant difference in survival with the use of RT.  
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