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Background 

Surgical tumor removal remains the preferred treatment option for most patients with renal cell 

carcinoma. Many medical associations have proposed guidelines for the optimal surveillance of 

patients following surgery. The goal of our study was to evaluate the adherence of Canadian 

urologists to the follow-up guidelines proposed by the Canadian Urological Association (CUA) and 

the economic impact of surveillance in Canada. 

 

Methods 

The cohort studied was identified from the Canadian Kidney Cancer information system (CKCis) 

which is prospectively populated database.  Patients included in this cohort underwent radical or 

partial nephrectomy for a pT1-3N0M0 renal cancer between January 2011 and June  2016. 

Abdominal and thoracic imaging performed during the follow-up period was captured and 

compared with the CUA guidelines. 

 

Results 

A total of 1,982 patients from 15 academic institutions were identified. Of the 1,982 patients, 1,380 

were pT1, 164 were pT2 and 438 were pT3. Post operatively, 1,948 chest imaging and 2,986 

abdominal imaging studies were performed. There was incongruent adherence to the CUA post-

operative surveillance guideline with an observed to recommended ratio of 0.71 and 2.27 for chest 

and abdominal imaging respectively. The highest disparity in chest imaging was observed in pT2 

patients (0.54) and the highest disparity in abdominal imaging in pT1 patients (4.55). The sub-

optimal adherence to follow-up guidelines costs approximately $50 millions dollars over a period of 

5 years in Canada. 

 

Conclusion 

In Canada, there are large differences in imaging surveillance between guidelines and clinical 

practice. Adherence to guidelines could result in significant cost savings.  
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Introduction 

According to the Canadian Cancer Statistics, 6,200 Canadians were diagnosed with kidney cancer 

in 2015(1). The rise in renal cell carcinoma (RCC) diagnoses has been partly attributed to the 

widespread use of medical imaging and the incidental findings of renal tumours on computed 

tomography (CT) and ultrasound (US) (2, 3). In Canada, the age-standardized incidence rate of 

kidney cancer has increased by 1.3% per year for men and by 1.1% per year for women between 

2001 and 2010(1). 

Surgical resection, either via radical or partial nephrectomy, is the most effective therapeutic option 

for clinically localized RCC. While radical nephrectomy has long been considered the gold standard 

(4), partial nephrectomy (PN), or nephron-sparing surgery, has now replaced it as the treatment of 

choice for renal masses of up to 7 cm (5). PN has been shown to reduce overall mortality and non-

cancer–related death rates (6-9). Moreover, PN allows for kidney function preservation (10) and 

reduces the need for dialysis and transplantation (11, 12). Recurrence rates of 0%–6% are similar 

between PN and radical nephrectomy for small tumours (12-15).  

Radiologic follow-up after partial or radical nephrectomy aims to identify local recurrence or 

development of metastatic disease. The most common sites of metastatic recurrence are the lung, 

liver, bone, and brain (16). Although high-level evidence is lacking, it is hypothesized that early 

diagnosis of recurrence or metastasis could trigger earlier treatment and thus improve patient 

outcomes (5).  

Urological associations have proposed different algorithms for follow-up after partial or radical 

nephrectomy (5, 17, 18). The Canadian Urological Association (CUA) has approved guidelines for 

the follow-up of patients with localized and locally advanced RCC after partial or radical 

nephrectomy (18, 19).  

Despite the publication of these guidelines, recent studies have shown that adoption and adherence 

to guidelines by the clinical community remain suboptimal (20, 21). Despite the overall 

underutilization of post-nephrectomy imaging, concerns regarding possible overuse in patients at 

low risk for recurrence and underuse in those at greater risk have been suggested. New surveillance 

imaging guidelines may reduce unwarranted variability and promote risk-based, cost-effective post-

nephrectomy management.  

Due to the expensive nature of imaging studies, the overall cost of patient surveillance after partial 

or radical nephrectomy is expected to be important. A previous study suggests that imaging 

surveillance capturing 95% of all recurrences would cost between $10,000 to $13,000 per patient, 

depending on the type of nephrectomy (radical or partial) and the risk group (22). 

To date, little is known about urologists’ compliance with published guidelines in Canada and the 

cost associated with current surveillance trends. This study aims to evaluate the levels of 

compliance with the guidelines, factors associated with the compliance, and their economic impact 

in the real-life Canadian setting by using a prospective cohort of patients undergoing partial or 

radical nephrectomy in several academic centers in Canada. 

Methods 

Data sources 
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The cohort study was identified from the Canadian Kidney Cancer information system (CKCis). 

Initiated in January 2011, CKCis is a multicentre collaboration of 15 academic hospitals in six 

Canadian provinces. Clinical, demographic, and pathological data are obtained by patient survey 

and medical record review.  

Patient characteristics collected in CKCis included age, gender, body mass index (BMI), 

preoperative renal function (estimated glomerular filtration rate [eGFR]), smoking history, 

hypertension, diabetes, cardiovascular disease, and family history. Tumour characteristics included 

stage, size, and number of renal tumours. Treatment characteristics included year of surgery, type of 

surgery (partial or radical nephrectomy), and surgical approach (open, laparoscopic or robotic 

assisted).  

Study cohort 

Patients included in this study were diagnosed with renal cell carcinoma between January 2011 and 

June 2016. Patients with no previous history of kidney cancer and undergoing treatment after 

January 2011 in the participating centers across Canada were identified. Several exclusion criteria 

were applied, as indicated in Figure 1. Patients were stratified by pathological tumour stage in three 

stage groups based on post-surgery pathological findings using the 2009 TNM staging system (23). 

All patients in our cohort had N0 and M0 status, therefore stages pT1N0M0, pT2N0M0, and 

pT3N0M0 will be referred as pT1, pT2, and pT3, respectively. The surveillance period (follow-up 

period) was defined from the date of the nephrectomy until the end of follow-up, which corresponds 

either to the date of disease recurrence or date of last follow-up (i.e., last patient visit to the treating 

physician). Recurrence was defined as detection of metastasis in the chest or abdomen as evidenced 

by imaging (computed tomography [CT], ultrasound [US], or X-ray [XR]).  

Chest and abdominal imaging tests for surveillance after nephrectomy 

The number of chest and abdominal imaging tests performed for each patient was captured in 

CKCis during the follow-up period. The CUA guidelines were used to estimate the recommended 

number of chest and abdominal imaging tests for each patient during the specific follow-up period 

(Figure 2). Any imaging tests performed during the first 28 postoperative days, as well as repeated 

tests were excluded from this calculation. A test was considered to be a repetition if the same test 

was identified at the same location within the previous 30 days. 

Statistical analysis 

Patient characteristics were presented as percentages, means (95% confidence interval [CI]) and 

medians (interquartile range [IQR]) as applicable. The Kaplan-Meier method was used to estimate 

the freedom from recurrence stratified by tumor stage.  

Three levels of compliance were defined: 1) compliant-testing (number of observed equal to 

number recommended); 2) under-testing (number of observed less than the number recommended) 

and 3) over-testing (number of observed more than the number recommended).  

To measure the level of compliance between the observed surveillance imaging tests and the 

recommended as per the Canadian guidelines, weighted Kappa statistics and Pearson and Spearman 

correlation statistics were applied overall and by stage group. Pearson and Spearman correlation 

statistics tested whether the number of observed chest and abdominal imaging tests was in 

agreement with the respective recommended number of tests, while Kappa statistics assessed the 

consistency between compliance levels in chest surveillance and abdominal surveillance. Levels of 
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compliance were measured over the entire follow-up period and at different time points (over a 6-, 

12-, 18-, and 24-month period). 

Multivariate logistic regression was used to evaluate factors associated with noncompliance of chest 

and abdominal imaging tests (either over-testing or under-testing) in the post-nephrectomy 

surveillance period.  

All analyses were performed using the Statistical Analysis System Software (version 9; SAS 

Institute, Cary, North Carolina). All tests were two-sided with a significance threshold of 5%. 

Several covariates were considered as potential predictors of noncompliance, such as age groups 

(more than 75 years old vs. less or equal to 75 years old), family history of kidney cancer, smoking 

status at diagnosis, and type of surgery (radical vs. partial). Tumour characteristics, obtained from 

the pathology report associated with the procedure, include tumour stage (pT2, pT3, vs. pT1), 

tumour grade (high v. low), surgical margin status (positive vs. negative), and histology. High grade 

was defined as Fuhrman grade 3 or 4, and low grade as Fuhrman grade 1 or 2. The lower-risk 

histology category included papillary and chromophobe RCC. Also, several comorbidities have 

been evaluated, such as other cancer, diabetes, hypertension, obesity, hypothyroidism, heart disease, 

kidney stone, renal disease, osteoarthritis, gout, gastroesophageal reflux disease, depression, and 

chronic pulmonary disease.  

Economic analysis 

Unit median and mean costs of imaging tests were obtained using unit costs from four provinces 

(Alberta, British Colombia, Quebec, Ontario and Nova Scotia) (24-30). The expected and observed 

costs of surveillance over the follow-up were calculated both for the overall cohort and by stage 

group. The economic impact of noncompliance with the surveillance guidelines corresponds to the 

difference between the expected cost of surveillance and the observed cost of surveillance, for chest 

and abdominal imaging.  

To estimate the overall costs of surveillance and the costs of noncompliance with guidelines at the 

Canadian level over a comparable surveillance period, the corresponding values from our cohort 

were extrapolated to the Canadian population susceptible to undergo partial or radical nephrectomy 

for RCC over the same period (between 2011 and 2015)(1). This estimate was based on the 

assumptions that the stage group distribution (pT1, pT2, and pT3), the ratio of CXR vs CT chest 

and the ratio of abdominal CT vs US, the rates of surveillance imaging testing observed from our 

cohort are generalizable to the national level, and that 75% of Canadian incident kidney cancer 

cases are T1-T3N0M0 RCC at diagnosis (3, 5, 31, 32).   

The estimated cost over a 72-month period, which amounts to the maximum post-nephrectomy 

surveillance period, was based on the total number of chest and abdominal imaging tests 

recommended according to the guidelines over this period. The actual expected costs were 

calculated by extrapolating compliance levels and test modality distributions (CT vs US) observed 

from our cohort, over the remaining period of up to 72 months; these were evaluated for both our 

cohort and at the Canadian level. 

Results 

Patient characteristics 
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The study cohort included 1,982 subjects with pT1-T3N0M0 RCC treated with either partial or 

radical nephrectomy. Patient characteristics are presented in Table 1. Of those, 1,380 (70%) were 

pT1, 164 (8.3%) were pT2, and 438 (22.1%) were pT3. The mean age of patients was 60 years old, 

and 66% of the patients were men. Nearly half of the nephrectomies were radical (43%), and the 

majority of patients had clear cell RCC (71.3%). In addition, 10.5% were smokers, 14.7% had 

complications related to the nephrectomy procedure, and 5.6% had a family history of renal tumors. 

The most common comorbidities were hypertension (47.9%), dyslipidemia (19.1%), heart disease 

(19.0%), and diabetes (17.6%). No major differences have been observed in terms of comorbidities 

distribution between stage groups (data not showed).  

The mean length of postoperative surveillance was 18.6 months (range 1–63) and the median was 

15 months (IQR 7–28). Recurrence rates in the pT1, pT2, and pT3 groups were 1.9%, 14.6%, and 

28.6% at 1 year, and 3.7%, 24.1%, and 39.3% at 2 years.  

Compliance with the CUA guidelines 

Table 2 presents the surveillance parameters: aggregated and on a patient-level basis. Over this 

period of follow up, 1,948 chest and 2,986 abdominal imaging tests were performed. The 

corresponding estimated recommended tests were: 2,754 and 1,317, respectively. Overall, the ratio 

of recommended versus observed was 0.71 and 2.27 for chest and abdominal imaging testing, 

respectively. The highest disparity for chest imaging was observed in pT2 patients (0.54) and for 

abdominal testing in pT1 patients (4.55). This corresponds with a compliance level of only 42.9% 

for chest and 35.5% for abdominal imaging testing, with 37.3% of patients receiving fewer chest 

imaging tests than recommended and 55.3% receiving more abdominal imaging tests than 

recommended.  

When stratified by stage group, approximately 57% of pT2 and 43% of pT3 patients received fewer 

chest imaging testing than recommended, and 64% of pT1 and 59% of pT2 received more 

abdominal imaging testing than recommended. We noted that while 67.6% of all recommended 

tests were chest examinations, only 39.5% of observed tests were for the chest. Furthermore, 56.1% 

of performed chest examinations were chest X-rays (CXR), and 43.0% of abdominal examinations 

were US.  

Table 3 presents compliance levels at the 6-, 12-, 18-, and 24-month periods. Only minor changes 

over time were observed in both chest and abdominal imaging. 

Kappa statistics indicated very low consistency in compliance levels between chest and abdominal 
imaging testing, with an overall estimate of 0.30 (95% CI 0.27–0.32). The highest level of 
agreement was observed in the pT3 group (0.59, 95% CI 0.52–0.66).  

The mean and median recommended and observed imaging testing, as well as the Pearson and 

Spearman correlation coefficients between these measurements are presented in Table 4. Again, 

low-to-moderate correlations were observed, with the highest value found for recommended and 

observed abdominal imaging testing in the T3 group (r=0.71, 95% CI 0.66–0.76).   

Factors associated with conformity to the CUA guidelines 

The multivariate logistic regression evaluating factors associated with the probability of having 

received under-testing revealed several associations, presented in Table 5. Patients having 

undergone radical nephrectomy and presenting with a higher grade had a lower probability of being 

under-tested for chest imaging by 39% (odds ratio [OR] 0.61, 95% CI 0.45–0.82) and 33% (OR 
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0.67, 95% CI 0.51–0.87), respectively. Furthermore, patients in stage pT2 (OR 5.36, 95% CI 3.37–

8.54) and pT3 (OR 2.64, 95% CI 1.86–3.74), those with conventional clear cell (OR 2.28, 95% CI 

1.12–4.48), and those low-risk histology (OR 3.14, 95% CI 1.51–6.50) all had an increased risk of 

under-testing in the chest.  

No factors associated with the probability of having received abdominal imaging over-testing were 

found with multivariate logistic regression. A trend toward an increase in the number of abdominal 

tests in patients with positive margins was observed (OR 1.61, 95% CI 0.98–2.64). However, the 

probability of receiving abdominal over-testing was reduced by 77% in the pT3 group compared 

with the pT1 group. 

Economic analysis 

The estimated mean and median unit costs are presented in Table 6. Table 7 summarizes the results 

of the cost of noncompliance with the Canadian clinical guidelines in our cohort. The observed 

costs of chest and abdominal imaging over the mean surveillance period of 18 months were 

$647,110 and $1,481,035, respectively. The corresponding expected values were $911,699 and 

$688,875, respectively.    

The results extrapolated to the Canadian level over the same time period are presented in Table 7. 

Between 2011 and 2015, we estimated that 31,000 Canadians were diagnosed with kidney cancer, 

and 23,250 of them were T1-T3N0M0 RCC (70% pT1, 9% pT2, and 21% pT3). For a similar mean 

follow-up of 18 months, the estimated excess cost attributable to noncompliance with the clinical 

guidelines for the surveillance of these patients was $6.2M. This represents an excess amount of 

$9.3M for the over-testing of the abdomen and a reduction of $3.1M attributable to the under-

testing of the chest. Specifically, patients in the pT1 group experienced the highest excess cost of 

abdominal imaging ($8.7M), while pT3 patients had the lowest cost of surveillance with a 

difference of -$1.4M and -$458,569 between observed and recommended chest and abdominal 

imaging testing, respectively.  

Over a 72-month surveillance period, a total of 160,404 and 68,429 chest and abdominal imaging 

tests, respectively, should have been performed as per the Canadian guidelines. Based on the 

compliance level observed over the 18-month period, the actual expected costs in our cohort of 

1,982 patients was estimated at $3.0M for abdominal and $4.5M for chest imaging (Table 7). This 

represents an excess abdominal imaging cost of $4.8M and a reduction of chest imaging cost of 

$1.2M. The corresponding values at the Canadian level were estimated at $57.8M and -$15.2M, 

respectively (Table 7). 

Interpretation 

This is the first study evaluating Canadian compliance with surveillance guidelines and cost of 

follow-up after surgery of patients treated for clinically localized RCC. This study reveals a sub-

optimal level of guideline compliance and a significant cost associated with the overuse of 

abdominal imaging.  

Overall, the agreement between the number of tests performed and number of tests recommended 

was low. Only half of the patients received chest and abdominal imaging consistent with guideline 

recommendations. The results revealed under-compliance of chest imaging of 29.3%, and a 

concomitant potential overuse of abdominal testing of 226.7%, with the highest discrepancy 
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observed in lower-stage patients (pT1 and pT2). The highest level of noncompliance was observed 

in pT1 patients, where the number of abdominal testing was 4 times higher than recommended.  

Our study found several factors associated with suboptimal surveillance. Specifically, patients 

having undergone radical nephrectomy, or presenting with a higher stage of disease were associated 

with decreased risk of being under-tested for chest imaging, while patients in stage pT2 or pT3, and 

those with conventional clear cell or low-risk histology had an increased risk of under-testing for 

chest imaging. Yet, higher grade of disease was associated with reduced over-testing, potentially 

explained by the fact that a higher frequency of abdominal imaging for patients with higher grade is 

recommended by the guidelines, compared with lower-grade groups.  

The estimated cost of noncompliance with the Canadian clinical guidelines in our cohort was 

important. Overall, the cost associated with chest imaging over the 18-month follow-up period was 

27% lower than the expected cost, while the cost of abdominal imaging was more than twice as 

high as the expected cost. At the Canadian level, over a similar mean follow-up of 18 months, the 

estimated excess cost attributable to noncompliance with the clinical guidelines for the surveillance 

of these patients was $6.1M, with the highest excess cost observed in the pT1 group 

(approximatively $8.6M). If the same trend is maintained over the full 72-month period of 

recommended surveillance, the excess cost associated with noncompliance with the clinical 

guidelines will be significant (more than $50M at a Canadian level). 

Finally, for both chest and abdominal imaging, no patterns or preferences of usage of imaging 

modality (i.e., XR and US are less expensive modalities compared with CT), or changes over time 

were seen during the surveillance period. Regarding the type of imaging, this is probably due to the 

choice of imaging modality not being clearly defined in the guidelines. To evaluate recurrence in 

the lung, chest radiography is recommended, with the option to perform CT instead. However, there 

is insufficient evidence to suggest a benefit in this setting, as no evidence from randomized clinical 

trials is available; yet the difference in cost of chest CT and chest XR is considerable. To evaluate 

abdominal recurrences, abdominal CT is recommended, with the option to perform US instead for 

lower-risk patients (pT1-2N0) (18). In addition, due to lower local recurrence rates in this 

population, lower-intensity surveillance is generally suggested for abdominal imaging compared 

with chest imaging, regardless of the initial staging. The indefinite nature of these recommendations 

reflects the absence of consensus on the subject, which is also observed in the guidelines of the 

American Urological Association (AUA) and the European Association of Urology (EAU). In a 

public health care system such as the Canadian system, optimal utilization of health care resources 

involves the prioritization of less expensive modalities if high-level evidence on the effectiveness of 

more-costly alternatives is lacking. This study highlighted the high excess cost associated with 

abdominal over-testing, which is not justified by the available evidence, yet, under-testing in the 

chest may be associated with lower rates of detection of distant metastasis, and consequently with 

worse clinical outcomes. In addition, our results showed that clinicians may not be paying attention 

to the recommended frequency of specific imaging testing based by stage group, and that is why the 

over-testing is more prominent in the low-stage groups. On the other hand, our study may suggest 

that there is a discrepancy in recurrence patterns between the guideline recommendations and what 

urologists actually encounter in their clinical practice. In any case, our study can open this 

discussion and create awareness about the important economic implications. Further studies are 

needed to evaluate the impact of noncompliance with the recommended surveillance guidelines and 

their impact on clinical outcomes. 
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Two other studies have evaluated post-nephrectomy surveillance imaging; however, without a cost 

analysis. One recent study revealed the suboptimal post-nephrectomy surveillance of patients 

treated from 1991 to 2007 (20). For patients followed for at least one year, initial abdominal and 

chest imaging tests were performed in 69% and 78% of patients, respectively; with yearly rates of 

abdominal and chest imaging decreasing by year 5 to 28% and 39% in high-risk–disease patients 

(T3 or T4), and to 21% and 25% in low- to moderate-risk–disease patients (pT1 or pT2). A second 

study on nephrectomy-treated patients between 2000 to 2009 (21) confirmed these results, by 

claiming rates of chest and abdominal imaging of 65%–80% and 58%–76%, respectively. While 

our study confirms these results for chest imaging, it showed an over-usage of abdominal imaging. 

This might be explained by differences in the time period, which covers contemporary clinical 

practice in our study, compared with the two aforementioned studies, which evaluated earlier time 

periods. Additionally, these studies were performed in the American population, and so, this 

difference may be also related to the difference between the Canadian and American health care 

systems. 

Our study presents some limitations. First, all the patients included in the cohort were followed in 

academic institutions, therefore results may not be generalizable to surveillance patterns in non-

academic institutions. Second, we could not discount the possibility that over-usage of abdominal 

imaging was due to onset of new symptoms as opposed to routine screening for recurrence, due to 

the absence of information on why the images were performed. Third, we could not exclude the fact 

that the cause of noncompliance might reflect the urologists’ disagreement with the surveillance 

guidelines due to lack of strong evidence. However, this would not explain the discrepancy between 

abdominal and chest imaging tests.  

Conclusion 

This is the first Canadian study evaluating surveillance imaging performed after partial or radical 

nephrectomy, and the associated costs in the contemporary era. This study revealed suboptimal 

follow-up surveillance imaging patterns and noncompliance with the recent clinical guidelines. The 

estimated economic impact was shown to be important, with millions of dollars that can be saved 

by better adherence to these guidelines. Additional efforts should be made to raise awareness 

among urologists about appropriate follow-up imaging in this setting.    
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Figure 1: Flow chart of the cohort selection 

  

Page 11 of 20

For Peer Review Only

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



Confidential

11 

 

 

 
Figure 2: CUA follow-up guidelines after radical or partial nephrectomy for  

localized and locally advanced RCC
16
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Table 1: Characteristics of patients 

 
All Subjects T1 T2 T3 

 Characteristic n = 1,982 n = 1,380 n = 164 n = 438 

Age*  
        Mean (95% CI) 
        Median (IQR) 

 
60.3 

 (59.7–60.8) 
60.7  

(52.5–68.4) 

 
59.5  

(58.9–60.1) 
60.2  

(52.0–68.0) 

 
58.4 

 (58.9–60.4) 
59.4  

(49.5–67.5) 

 
63.2 

 (62.1–64.2) 
63.1  

(55.8–71.0) 

Age > 75 yr*, % 10.0 8.4 10.4 15.1 

Male, % 66.3 64.0 68.3 72.8 

High grade†, % (n = 1,830) 43.7 33.2 51.7 72.7 

Radical nephrectomy, % 42.7 25.8 85.4 80.1 

Positive Surgical margin, %  
(n = 1,935)  

6.5 4.7 0.6 14.6 

Histology‡ 
    

     Clear cell RCC, % 71.3 68.8 59.2 84.0 

     Papillary RCC, % 16.4 18.4 21.3 8.0 

     Chromophobe RCC, % 7.8 8.3 14.6 3.7 

     RCC unspecified, % 4.5 4.5 4.8 4.3 

 CT imaging§, % 52.9 46.4 57.9 71.7 

Complicationsǁ, % 14.7 14.1 15.2 16.4 

Family history of RCC, % 5.6 5.7 4.3 5.7 

Vital status¶ ( n = 1,639)  
    

      AWD, % 8.1 4.9 12.3 16.6 

      No evidence of disease % 
%%%((NED) (%) 

83.5 88.9 77.9 68.4 

      Overall death, % 4.1 1.6 8.0 10.6 

      Lost to FU, % 4.1 4.4 1.8 3.9 

      Unknown, % 0.20 0.15 0.00 0.46 

 
Note: AWD = alive with disease; CI = confidence interval; CT = computed tomography; FU = follow-up; IQR = interquartile range; RCC = renal cell 
carcinoma. 
*At procedure. 
†Fuhrman grade 3 or 4 (G1 = well-differentiated tumour cells; G2 = moderately differentiated tumour cells; G3 = moderately to poorly differentiated 
tumour cells; G4 = poorly differentiated tumour cells). 
‡Primary histology from pathology report. 
§Patient received at least one CT of the chest or abdomen during surveillance after nephrectomy. 
ǁIntra- and postoperative medical complications¶ at their last follow-up visit for kidney cancer. 
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Table 2: Compliance with the Canadian guidelines: number of tests observed versus 

recommended 

 
 

T1 
(n = 1,380) 

T2 
(n = 164) 

T3 
(n = 438) 

Total 
(n = 1,982) 

Comparison of aggregate results     
Chest          
     Observed 1,194 226 528 1,948 
     Recommended 1,525 418 811 2,754 
     Ratio of Observed vs Recommended  0.78 0.54 0.65 0.71 
     % of CXR 67.3 51.3 32.8 56.1 
Abdomen     
     Observed 2,022 294 670 2,986 
     Recommended 444 122 751 1,317 
     Ratio of Observed vs Recommended 4.55 2.41 0.89 2.27 
     % of US 52.5 37.4 16.6 43.0 
Comparison on a per-patient basis     
Chest          
     Under, % 33.2 57.3 42.7 37.3 
     Equal, % 46.0 31.7 37.2 42.9 
     Over, % 20.8 11.0 20.1 19.8 
Abdomen      
      Under, % 2.3 6.1 32.0 9.2 
      Equal, % 34.1 35.4 40.2 35.5 
      Over, % 63.6 58.5 27.9 55.3 

Note: CXR = chest X-rays; US = ultrasound. 
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Table 3: Levels of compliance at 6-, 12-, 18-, and 24-month periods 

 Chest X-ray or CT scan Abdomen US or CT 

 
Number of 

tests 
recommended 

Under, 

% 

Equal, 

% 

Over, 

% 

Number of 
tests 

recommended 

Under, 

% 

Equal, 

% 

Over, 

% 

T1 (n = 1,380)         
      First 6 
months 

0 0 79.4 20.6 0 0 60.7 30.4 
First 12 
months 

1 33.0 51.2 15.9 0 0 40.1 59.9 
First 18 
months 

1 28.1 50.1 21.8 0 0 34.6 65.4 
First 24 
months 

2 34.5 45.6 19.9 1 4.0 37.0 59.1 
T2 (n = 164)         

      First 6 
months 

1 45.7 45.7 8.5 0 0 51.8 48.2 
First 12 
months 

2 52.4 34.8 12.8 1 11.6 48.8 39.6 
First 18 
months 

3 54.3 33.5 12.2 1 7.3 44.5 48.2 
First 24 
months 

4 56.1 32.3 11.6 1 4.9 39.6 59.1 
T3 (n = 355)         

      First 6 
months 

1 38.6 42.7 18.7 1 27.2 51.4 21.5 
First 12 
months 

2 40.6 38.8 20.6 2 30.8 42.7 26.5 
First 18 
months 

3 41.8 37.9 20.3 3 33.6 39.7 26.7 
First 24 
months 

4 42.9 37.2 19.9 4 34.9 38.6 26.5 
Note: CT = computed tomography; US = ultrasound. 
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Table 4: Level of agreement between observed versus recommended number of imaging tests 

in chest and abdomen 

  

Number of recommended chest 
imaging tests 

Number of observed chest 
imaging tests 

Correlation between observed and 
recommended chest imaging tests  

 

  Mean (95% CI) Median (IQR) Mean (95% CI) Median (IQR) 
Pearson 

correlation 
Spearman 
correlation 

Overall (N = 1,655) 1.34 (1.27–1.41) 1 (0–2) 1.00 (0.93–1.06) 1 (0–2) 0.55 (0.51–0.58) 0.55 (0.51–0.58) 

T1 (N = 1,159) 1.05 (0.99–1.11) 1 (0–2) 0.88 (0.81–0.94) 0 (0–1) 0.52 (0.47–0.56) 0.52 (0.48–0.56) 

T2 (N = 141) 2.53 (2.17–2.87) 2(1–4) 1.32 (1.08–1.56) 1 (0–2) 0.59 (0.46–0.68) 0.60 (0.48–0.69) 

T3 (N = 355) 1.81 (1.62–2.00) 1 (0–3) 1.24 (1.09–1.39) 1 (0–2) 0.58 (0.51–0.64) 0.57 (0.48–0.62) 

  

Number of recommended abdominal 
imaging tests 

Number of observed abdominal 
imaging tests 

Correlation between observed and 
recommended abdominal imaging tests  

 

  Mean (95% CI) Median (IQR) Mean (95% CI) Median (IQR) 
Pearson 
correlation 

Spearman 
correlation 

Overall (N = 1,655) 0.65 (0.60–0.70) 0 (0–1) 1.45 (1.38–1.52) 1 (0–2) 0.47 (0.43–0.50) 0.54 (0.51–0.57) 

T1 (N = 1,159) 0.32 (0.29–0.34) 0 (0–1) 1.39 (1.31–1.47) 1 (0–2) 0.53 (0.49–0.57) 0.51 (0.47–0.56) 

T2 (N = 141) 0.78 (0.66–0.90) 1(0–1) 1.69 (1.40–1.98) 1 (0–3) 0.63 (0.52–0.72) 0.64 (0.53–0.73) 

T3 (N = 355) 1.70 (1.53–1.86) 1 (0–3) 1.56 (1.40–1.71) 1 (0–2) 0.69 (0.63–0.74) 0.71 (0.66–0.76) 

Note: CI = confidence interval; IQR = interquartile range. 
 

 

  

Page 16 of 20

For Peer Review Only

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



Confidential

16 

 

 

Table 5: Factors associated with noncompliance in chest and abdominal imaging tests 

 OR of the probability of under-

testing of chest 

OR of the probability of over-

testing of abdomen 

Variable Univariate 

OR (95% CI) 

Multivariate OR 

(95% CI) 

Univariate 

OR (95% CI) 

Multivariate 

OR (95% CI) 

Men v. women 0.95 (0.76–1.17) 0.90 (0.70–1.17) 0.90 (0.74–1.11) 0.97 (0.76–1.25) 

Age
*
 (more than 75 yr v. < 75 yr)  1.39 (1.00–1.93) 1.43 (0.96–2.12) 0.80 (0.58–1.02) 1.02 (0.68–1.51) 

High grade† (yes v. no) 0.84 (0.68–1.03) 0.67 (0.51–0.87) 0.67 (0.55–0.82) 0.97 (0.75–1.24) 

Positive surgical margin (yes 
v. no) 

1.16 (0.78–1.75) 0.84 (0.51–1.38) 0.89 (0.60–1.32) 1.61 (0.98–2.64) 

Radical nephrectomy (yes v. 
no) 

1.06 (0.86-1.30) 0.61 (0.45-0.82) 0.62 (0.51-0.76) 1.06 (0.80-1.39) 

Histology‡     

   Other RCC reference reference reference  

   Low risk 1.24 (0.99–1.57) 3.14 (1.51–6.50) 0.94 (0.75–1.18) 0.69 (0.37–1.29) 

  Conventional clear cell  0.89 (0.71–1.12) 2.28 (1.12–4.48) 1.08 (0.87–1.34) 0.87 (0.48–1.56) 

T1 group  reference reference reference reference 

T2 group  3.00 (2.11–4.26) 5.36 (3.37–8.54) 0.90 (0.63–1.26) 0.71 (0.46–1.09) 

T3 group 1.42 (1.12–1.81) 2.64 (1.86–3.74) 0.27 (0.21–0.35) 0.23 (0.16–0.32) 

Smoking (yes v. no) 0.81 (0.60–1.09) 0.88 (0.64–1.22) 1.03 (0.78–1.36) 0.96 (0.71–1.30) 

Family history (yes v. no) 1.39 (0.90–2.07) 1.48 (0.91–2.40) 0.92 (0.61–1.39) 1.04 (0.64–1.69) 

Note: CI = confidence interval; OR = odds ratio; RCC = renal cell carcinoma. 
*At procedure. 
†Fuhrman grade 3 or 4 (G1 = well-differentiated tumour cells; G2 = moderately differentiated tumour cells; G3 = moderately to poorly differentiated 
tumour cells; G4 = poorly differentiated tumour cells). 
‡Primary histology from pathology report, low-risk category includes papillary and chromophobe RCC. 
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Table 6: Unit mean/median cost* of radiological examinations 

 Unit mean 

Cost
** 
 

Unit median 

Cost
**
 

Chest CT  $613 $400 

Abdominal CT $627 $428 

Chest XR $90 $91 

Abdominal US  $303 $275 
Note: BC = British Columbia; CT = computed tomography; QC = Quebec; ON = Ontario, US = ultrasound; XR = X-rays. 
*Cost is in Canadian dollars; 
** mean/median of the unit costs in NS, QC, ON, BC and Alberta (24-30); 
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Table 7: Expected and observed costs* of surveillance over an 18-month and a 72-month 

period in our cohort and extrapolation for the Canadian level 
 

 
Observed cost Expected cost

** 
Difference 

observed vs. expected 

costs 

Cohort of 1,982 patients over 18 months 

 
chest abdominal chest abdominal chest abdominal 

T1 $326,770 $943,217 $403,828 $202,020 $-77,058 $741,197 

T2 $80,590 $151,433 $146,464 $61,378 $-65,874 $90,055 

T3 $239,750 $386,385 $361,408 $425,477 $-121,658 $-39,092 

Total $647,110 $1,481,035 $911,699 $688,875 $-264,589 $792,160 

Canadian level (23,250 patients: 16,188 pT1; 1,924 pT2; 5,138 pT3) over 18 months 

 
chest abdominal chest abdominal chest abdominal 

T1 $3,833,200 $11,064,478 $4,737,139 $2,369,816 $-903,939 $8,694,662 

T2 $945,367 $1,776,396 $1,718,102 $720,001 $-772,735 $1,056,395 

T3 $2,812,405 $4,532,518 $4,239,518 $4,991,087 $-1,427,113 $-458,569 

Total $7,590,973 $17,373,392 $10,694,759 $8,080,904 $-3,103,787 $9,292,489 

Cohort of 1,982 patients over 72 months 

 
chest abdominal chest abdominal chest abdominal 

T1 $1,774,200 $5,863,241 $2,192,590 $1,255,803 $-418,389 $4,607,438 

T2 $284,571 $610,697 $517,178 $247,525 $-232,606 $363,172 

T3 $1,165,345 $1,352,090 $1,756,681 $1,488,885 $-591,337 $-136,795 

Total $3,224,116 $7,826,028 $4,466,448 $2,992,213 $-1,242,332 $4,833,815 

Canadian level (23,250 patients: 16,188 pT1; 1,924 pT2; 5,138 pT3) over 72 months 

 
chest abdominal chest abdominal chest abdominal 

T1 $20,812,391 $68,779,187 $25,720,337 $14,731,288 $-4,907,946 $54,047,900 

T2 $3,338,186 $7,163,827 $6,066,790 $2,903,611 $-2,728,604 $4,260,216 

T3 $13,670,163 $15,860,796 $20,606,881 $17,465,481 $-6,936,718 $-1,604,685 

Total $37,820,740 $91,803,811 $52,394,009 $35,100,380 $-14,573,269 $56,703,431 

Note: 
*Cost is in Canadian dollars; Estimations based on the mean unit costs of imaging tests.; 
**Based on the observed ratio of CXR vs CT chest and abdominal CT vs US (Table 2); Overall, 56.1% of performed 

chest examinations were CXR, and 43.0% of abdominal examinations were US. 
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