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This project has the objective to develop preventive medicine teaching cases that will motivate medical students, residents and faculty to improve clinical preventive competencies complemented by a 
.  To this end, 

               been 
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Abstract:

This case examines the cost-effectiveness of three interventions to increase utilization of bicycle helmets to avert head injuries in individuals 18 years of age and under in Onondaga County, NY.  Students are initially presented with data on head injuries, hospitalization, and death related to bicycle use. They then appraise a published study on the effectiveness of bicycle helmets in averting head injury. Finally, students work in groups to determine the cost-effectiveness of each intervention by calculating implementation costs and the specific number of head injuries averted associated with intervention.  The three interventions are legislative, school, and community-based campaigns to increase helmet use. Students are provided with budget estimates and assumptions needed to complete the exercise.  Cost-effectiveness analysis, cost- benefit analysis, and related concepts are discussed, including provider versus societal perspectives and importance of sensitivity analysis. 

Objectives: At the end of the case, the student will be able to:

· Define “cost-effectiveness” and how it is measured

· Review cost-effectiveness analysis examples from the medical literature

· Interpret trends from data from a State Health Department

· Critically appraise a published clinical study

· Critically appraise strengths and weakness of different study designs

· Calculate and apply cost-effectiveness principles

· Apply economic evaluation concepts

Recommended Reading:

“Study Design,” Prevention Effectiveness: A Guide to Decision Analysis and Economic Evaluation.  Edited by A.C. Haddix, S.M.Teutsch, P. A. Shaffer, D.O. Dunet; New York: Oxford University Press, 1996

Anonymous. Injury Control Recommendation: Bicycle Helmets. MMWR. 1995; 44 (RR-1): 1-18. 

Thompson RS, Rivara FP, Thompson DC.  A Case-Control Study of the Effectiveness of Bicycle Safety Helmets. N Engl J Med. 1989; 320 (21): 1361-1367.

Case note:  Due to the complexities of some of the sections in this case, it is helpful, although not necessary, to teach this case with someone who has training in cost-effectiveness analysis.   This preceptors’ guide contains comprehensive answers if a co-facilitator is not available.

Section A:  Cost-effectiveness

Teaching note:  Students should complete Section A prior to class.

Cost-effectiveness plays a critical role in determining the best course of action for the management of health problems both in clinical and in population medicine.   Refer to the first two recommended readings when addressing these questions. 

Questions:

1.
Define “cost-effectiveness.”

Given that resources are almost always limited, tools are needed to assist decision- makers determine how they can best utilize the limited resources they have to achieve a particular outcome.  

Cost-effectiveness analysis is an economic evaluation tool that involves cost measured in monetary terms and outcomes evaluated in units of a health outcome.  This method can be used by decision-makers to compare two or more ways to achieve the same goal.

You can use an example to illustrate cost-effectiveness.  An excellent example is Gaspoz JM, Coxson PG, Williams LW, Kuntz KM, Hunink MM, Goldman L. Cost Effectiveness of Aspirin, Clopidogrel, or Both for the Secondary Prevention of Coronary Heart Disease.  N Engl J Med. 2002; 346 (23):1800-1806, which compares Aspirin vs. Clopidogrel (Plavix) in the prevention of coronary heart disease.

2.
How is cost-effectiveness calculated and what outcome measures are commonly used?

Cost-Effectiveness= __          Cost of Intervention__________________


  Outcome measure (Usually a gain in health)

In health care field, the cost may include direct medical costs (such as drug therapy, hospital stay, surgery etc…), direct non-medical costs (such as child care, transportation costs, etc…) or indirect costs (such as lost wages, disability, pain).   The identified outcome measures can include number of deaths, diseases, or disabilities averted or the number of life years gained.  Later in this exercise, you will calculate the cost of an intervention and divide by the number of head injuries adverted.
Section B:  Analysis of Available Data- Effectiveness of Bicycle Helmets in Preventing Morbidity and Mortality 

As a consultant to the local legislature, you are asked to determine the best means of reducing morbidity and mortality associated with bicycle riding in your county.  In order to provide advice regarding this issue, you need to be able to interpret the available data.   Local data on morbidity is not available because of the lack of uniform reporting of such injuries.  In regard to mortality data, the number of fatalities associated with bicycle use in a community of this size is too small to be useful for analysis.  Fortunately, the New York State Department of Health is able to provide you with the information in the following table.  

Table 1: Deaths Due to Bicycle Injuries by Age and Sex

	Age 

(in years)
	Males: Frequency

(rate)*   
	1996 Population
	Females: Frequency

(rate)*   
	1996 Population
	Total:(rate)* 
	1996 Population

	0-4
	  0 (0)
	671,564
	  0 (0)
	643,473
	  0 (0)
	1,315,037

	5-9
	  4 (.58)
	686,178
	  0 (0)
	652,821
	  4 (0.30)
	1,338,999

	10-14
	  4 (.63)
	630,136
	  0 (0)
	600,153
	  4 (0.33)
	1,230,289

	15-19
	  6 (1.01)
	596,126
	  1 (0.18)
	570,697
	  7 (0.60)
	1,166,823

	20-24
	  4 (0.65)
	611,686
	  0 (0)
	602,435
	  4 (0.33)
	1,214,121

	25-44
	  17 (0.57)
	2,973,953
	  2 (0.07)
	3,009,727
	  19 (0.32)
	5,983,680

	45-64
	  9 (0.49)
	1,823,532
	  0 (0)
	2,022,921
	  9 (0.23)
	3,846,453

	>65
	  2 (0.21)
	943,640
	  1 (0.07)
	1,467,358
	  3 (0.12)
	2,410,998

	Total
	  46 (0.51)
	8,936,815
	  4 (0.04)
	9,569,585
	  50 (0.27)
	18,506,998  


*Rate: Frequency/ 1996 Estimated Population x 100,000

Source: New York State Department of Health, Bureau of Injury Prevention and Biometrics

Questions: 

1.
Comment on the differences in bicycle injury mortality by age and sex as well as on the interaction between age and sex. 
Note:  Students may need to be reminded to look at rates, not frequency, to best answer this question.

· The overall mortality from bicycle injury is nearly 13 times higher in males than females.  

· The highest mortality in both groups is in the 15-19 year age group (though the number of deaths in females is too low to draw a firm conclusion about the role of age).  

· For males, mortality falls off in the <5 and >65 year age groups.  

· According to the Centers for Disease Control and Prevention (http://www.cdc.gov/ncipc/bike/problem.htm) nationally, the rate of injury is highest for children aged 5-15 years of age and the rate of death is highest for children aged 10-14 years of age.  Head injuries account for almost two thirds of the bicycle related deaths. Males are 2.4 times more likely to be killed per bicycle trip than females.

2.
What are possible explanations for these differences?

· Patterns of behavior most likely explain these differences.  Males, particularly adolescents, may ride bicycles more frequently, ride them in a more dangerous manner or in more dangerous places, or be less likely to use helmets (i.e. they may be more likely to be ‘risk takers’) than females.

3.
How would this information help you formulate prevention strategies for your community?

· Male bicyclists in several age ranges are at highest risk.  However, all age and gender groups have some risk.  
· Discuss advantages of both focusing on groups at-risk and a universal approach (entire population.)
The NYSDOH is also able to provide you with the following graphs on overall bicycle-related morbidity and mortality rates, as well as information specific to traumatic brain injury or death due to bicycle use for the period 1991-1996.  (Refer to attached Figures 1-4.)

Questions: 

4.  
What are your hypotheses with respect to the trends in rates for death, hospitalization, and traumatic brain injuries associated with bicycle use during these years?

· Hospitalizations involving individuals older than 14 years of age admitted for bicycle injuries in general as well as specifically for bicycle-related traumatic brain injuries have not markedly changed, while the corresponding rates for children aged less than 14 years old have dropped considerably.  

· Effective June 1994, New York State enacted a law for persons 14 years old and younger.  The regulatory agency is the New York State Department of Public Health and attaches a fine of $50.00* for noncompliance.  In 2001, Onondaga County enacted legislation for persons 18 and under.  The downward trend seen in hospitalizations and deaths prior to implementation of the law may be explained by publicity and passage of the law that occurred prior to the actual implementation.

* The $50.00 fine is waived if the violator provides proof of purchase of a helmet within an allotted time frame.  

5.
What are some of the limitations of the data that have been presented?

· This is a good place to talk about limitations in sources of data, specifically death certificates.  For example, you can ask them where this information came from and once they identify death certificates, whether death certificates are reliable sources of information.

· A limitation in outpatient and emergency department data is the lack of  systematic data collection.

· Finally, a third limitation is that information on helmet use is not provided; therefore conclusions cannot be drawn about increases in helmet parallels decreases in death rates.

Section C: Effectiveness of Bicycle Helmet Use- An Appraisal of Scientific Evidence

In addition to demographic information provided, you need more knowledge about the effectiveness of bicycle helmets before you present your official recommendations to the local health advisory board.  You review Thompson, RS et al.  “ A Case-Control Study of the Effectiveness of Bicycle Safety Helmets” NEJM, May 1989. 

Questions: 

1.
Why did the author choose to do a case-control study to determine cost-effectiveness of helmet use? Could he have done a randomized control study?  A prospective cohort study?  What are the major limitations of these study designs in this situation?

· A case-control study is the best way to study rare events.  This method does not require the collection of information from a large group of people and is inexpensive compared to other study designs.  However, use caution interpreting case-control studies because of the possibility that the case and control groups are not strictly comparable.  

· A prospective cohort study of helmet use is more expensive – requiring more participants and the longer length of follow-up required for a rare event.  It is also difficult to track participants to see if they ‘cross-over’ to the intervention, in this case, helmet usage.  Finally, a cohort study is influenced by self-selection bias in that helmet users vs. non-users may have different characteristics influencing their risk of injury.

· The major limitation for a randomized clinical trial (RCT) is that it would not be ethical to conduct the study given the presumption that helmets are protective against significant morbidity and mortality.  

2.
Identify biases associated with case-control studies, including selection of cases and controls.

· Selection bias and information bias are the major concerns associated with case-control studies.  Selection bias may be introduced if the control group is not representative of the general population who use bicycle helmets or is not similar to the cases with the exception of the condition, in this case, helmet usage.  Here selection bias can occur if the individuals who sustained head injuries engaged in riskier behaviors regarding bicycle riding than did the controls. 

· Recall or information bias is introduced when there is differential recall between the two groups being studied.  Those who have been injured will be more likely to record or recall certain events.  The controls may not remember certain events or may even forget them altogether.  This bias could artificially inflate the relationship between an event and outcome.  

3.
Comment on the comparability between ‘cases’ and ‘controls’.

· The study took place over a one-year time frame.  The cases were 235 bicyclists who incurred a head injury and received emergency care at one of five hospitals.   One of the control groups consisted of 433 bicyclists who were treated at one of the same hospitals for a bicycle related injury that did not involve the head.  The second control group consisted of 558 HMO enrollees who reported that they had incurred a bicycle injury in the given time frame.  

· For the first control group, the accidents resulting in a bicycle related injury might not have been of the same character and severity as those of the case-patients.  You can draw some conclusions about whether case and control groups were otherwise similar in bicycle riding, health care access and risk taking (speed), although do so with care.  (Examine Tables 2 and 3 of the Thompson, et al. article.)

· The second control group were HMO enrollees who had a bicycle accident, however, the seriousness of their accidents may have been much less than that of the case-patients (since they may not have required emergency care) and they may have lived in different places, been different in their risk taking and lived in different circumstances (given the particular features of the HMO population).

4.
What information provided by this study regarding effectiveness of bicycle helmets is generalizable?

· The results may not be applicable to areas away from Puget Sound.  Given the Thompson study description that most of the head injuries occurred in children, it may be that the overall estimate of effectiveness of bicycle helmets does not apply reliably to all age groups.

5.  
Discuss how you would develop and implement a study to determine use of bicycle helmets by age, gender, and location in your county.  Discuss sampling and measurement issues.

· You might choose a random sample of households in the county and interview household members (by telephone, door-to-door, or mail survey) about bicycling and helmet use.  Here you can discuss advantages, disadvantages and feasibility of this type of study as well as what type of study design it is.

· Another feasible way of sampling would be to select a random set of observation points in the county and send observers to those points to record bicyclists’ practices.  Again, discuss the advantages, disadvantages and feasibility of this type of surveillance and study design.
6.
What are some of the factors that would influence the effectiveness of bicycle helmets in preventing injuries and death at a population level?

· Helmets must be used properly, particularly by those at highest risk of accidents.  

· Education activities promoting safe cycling practices (less risk taking) might increase the observed effectiveness of helmets and proper bicycle by decreasing accident frequency or severity.

Section D: Development of Preventive Programs Utilizing a Cost-effectiveness Approach

You now have demographic information about bicycle-related injuries and deaths as well as scientific evidence to support the effectiveness of bicycle helmets in reducing bicycle-related morbidity and mortality.   You determine that there are three feasible options for preventive programs aimed to increase helmet use in your county.  The options are:

Legislative option:  This option involves efforts to educate the public about the passage of a new law that requires helmet use for all individuals 18 years old or younger.  It also requires enforcement of this new law.

· Target population (All residents < 18 years old):
125,000

· Program costs to be considered:  

· Limited public education (publicity/media) to increase awareness of helmet law; 

· Enforcement of law

· Provision of helmets: Please note that no helmets are provided under this option.  The target population is expected to purchase helmets.

Community option:  The local health department is responsible for a comprehensive program to educate the entire community about the risks of bicycle injuries and the benefits of helmet use.  The health department will provide helmets at cost to indigent children.

· Target population (All county residents):  450,000

· Program costs to be considered:

· Health education (publicity/media) of bicycle injuries and helmet use 

· Distribution of helmets at cost to all indigent children

· Provision of helmets:  County provides helmets at cost for indigent children.  Based on the most recent census data, the number of indigent children is 20% of all children less than 18 years old (125,000 x 20%= 25,000).

· The health department will buy helmets for 25,000 children at $10 per helmet

· The health department will sell helmets to parents/guardians of 20,000 children at $10 per helmet (assuming that not all helmets will be sold)


School option:  The school board and the health department are responsible for educating school-aged children about the risks of bicycle injuries and the benefits of helmet use.  The health department will provide helmets at cost to indigent children. 

· Target population (All school-aged children):  84,000

· Program costs to be considered:

· Classroom education of helmet use aimed at school-aged children.  Educational efforts will also be made to parents of the target population. 

· Distribution of helmets at cost to all indigent children.

· Provision of helmets:  County provides helmets for indigent children at cost.  Based on the most recent census data, the number of indigent children is 20% of all school-aged children less than 18 years old (84,000 x 20%= 16,800).

· The health department will buy helmets for 16,800 children at $10 per helmet

· The health department will sell helmets to the parents/guardians of 13,500 children at $10 per helmet
Calculating Cost-effectiveness: 

Teaching note:  This section is taught with students divided into at least three groups, one for each option.  The groups are given ten to fifteen minutes to construct their budget and to calculate the number of head injuries averted.  They must budget sufficient resources to realistically accomplish the goals set out by their option but they cannot bankrupt the county, the health department, or the school district. Each option entails different budget costs associated with it.

You are asked to determine which option is the most cost effective.  For each of the options, you need to use the following formula:

Cost- Effectiveness =    
         Cost of Option

        

    


         Number of Head Injuries Averted

Both the numerator and the denominator need to be calculated.  To determine the total cost of each option, you will need to use your own judgment to determine how much will be spent on personnel costs and how much will be used on the education campaign.   For personnel costs, depending on the option, the cost of health educators, of the staff responsible for organizing and distributing helmets, and of officers for enforcement of the law will need to be considered.  Guidelines for the estimated costs are provided in the following table. 

Table 2:  Cost estimates for budget calculation

	Program component:
	Cost:

	Helmets
	$10 cost; $25 retail

	Health education staff
	$40,000/ employee/ year

	Helmet program staff
	$30,000/employee/year

	Public Information Campaign
	

	-Develop one television spot
	$10,000

	-Pay for one television spot
	$2,000

	-Public service television spot
	Free- $250

	-Develop and pay for one radio spot
	$350

	-Brochures
	$2,500 for 10,000 brochures

	Enforcement
	$50,000 per year


Question:  

1.   What is the total cost of your option? 

Please refer to table 3 for an examples of program calculations for each option.

The following formula can be used to determine the number of head injuries averted:

Number of head injuries averted= (Change in helmet use) x (Number of bicyclists in the target population) x (National bicycle-related head injury rate) x (Efficacy rate of helmet use)

To simplify calculations, certain assumptions about helmet use must be made.  Some of these assumptions may be optimistic.  For this exercise, it is assumed that all people in the target population are potential bicyclists.  Data from the health department indicate that baseline helmet use is approximately 20%.  It is assumed that helmet use will increase to approximately 50% after each of the interventions.  The National Injury Rate for bicycle use is 50/100,000.  Finally, the efficacy rate of helmet use, based on current literature, is assumed to be 85%.   Taking these assumptions into account, the following formula should be applied:

Number of head injuries averted = .30 x target population x 50/100,000 x 0.85

Teaching note: Depending on the background experience of the preceptor and the amount of time available, the preceptor may choose to present the answers to questions 2 and 3 to the students.  An example of the cost-effectiveness analysis is presented in Table 3.

After each group has completed the work, the whole class reconvenes. Each group presents the answers for their respective option. 

Questions:

2. 
Using the information provided, how many head injuries were averted with your option? 

· Legislative = 16 

· Community = 57

· School = 11

3.
What is the cost per head injury averted? 

Each group will present their budget and divide by the above numbers.  

4.
Which is the most cost-effective option?

In this example (table 3) the Legislative option is the most cost-effective ($60,000/16 = $3,750)

5.
Do you have any significant concerns about presenting this option as the “best” option when you provide your recommendation to the Health Advisory Board?  Consider the perspective of each option when answering this question.  Does a health department have a different point of view about the costs they must invest in an intervention than do legislature or society as a whole? 

The above calculations are from the legislative perspective and only include the impact of the intervention on their budget on the cost side:  the salaries of enforcement personnel and advertising and media costs.  

Section E: Economic Evaluation

When the cost-effectiveness of a program is interpreted, the perspective from which the analysis was performed must be taken into account.  In other words, was the analysis done from a broad perspective where all costs and benefits to the population are considered or was it done from a narrow perspective where only costs or benefits to a certain subgroup were addressed?  In general, a societal perspective is the broadest perspective.  In contrast, an analysis done from the point of view of a hospital or an insurance company provides a much more narrow perspective.

Questions: 

1.
From what perspective did you conduct your analysis in Section D?  Consider the perspective of each option when answering this question.  (For example, does a health department have a different point of view than does the legislature or society as a whole?) How would your results change if you were to conduct your analysis from a societal perspective?

· The ‘narrow perspective,’ as described above.  

· To consider costs from the ‘societal or broad perspective,’ you need to include the price paid for helmets by individual citizens and add this to the equation of total costs incurred.  

· Table 3 provides an example of the costs from a narrow and societal perspective. 

Thus far in the case, cost-effectiveness has been used to determine the cost per head injury averted.  There are different techniques available to conduct an economic analysis, one of which is cost-benefit analysis.  Refer to the recommended reading to address the following questions.

2. What is the difference between “Cost-effectiveness Analysis (CEA)” and “Cost-benefit analysis (CBA)”?

CEA

· Cost-Effectiveness Analysis includes both costs and outcomes.  

· Costs are expressed in monetary terms and effectiveness is expressed in units of one health outcome such as:  head injury adverted, head injury hospitalizations averted, or head trauma deaths averted.  

· Cost per unit of health outcome is the summary measure used in cost-effectiveness analysis.  

· Cost-effectiveness analysis is used to compare programs having a common goal to assist in deciding which program to fund.  

(CBA)

· Cost benefit analysis expresses all costs and benefits in monetary terms.  

· Benefits must include an improvement in patient outcome with a monetary value placed on it.  

· The computational and conceptual difficulties include deciding the value of a head injury or death averted.  

· The summary measures are:  Benefit cost ratio = benefits in monetary terms divided by cost of terms.  Net benefits = benefits minus costs.  

· This provides a decision rule.  

· Benefits exceed costs when the benefit cost ratio is >1 and has a positive net benefit.  

· This type of analysis can be used to compare several different outcome measures (such as mild, moderate, severe and fatal health injuries.)  

· Medical malpractice lawsuits may employ similar methods.

3.
What are the strengths and weaknesses of each analysis?

CEA 

· Directly measures the cost of alternative ways to achieve certain measurable outcomes

· Avoids the artificiality of converting all benefits into financial terms. 

· A limitation of cost-effectiveness analysis is that is does not take into account the actual dollar amount cost-savings when a health outcome, such as a non-fatal head injury, is averted.

CBA

· Requires benefits to be measured in financial terms, which creates complications.  For example, how does one place value on a human life? 

· How can you adjust for changes in that value over time?  Discounting is a technique that reduces the value of future benefits to current values.  If costs occur in the future, they also need to be discounted.  Based on the concept of time preference, $1.00 today is worth more than $1.00 next year.  Converting all inputs and effects into a common currency allows for explicit comparisons of costs and benefits.

· Both CBA and CEA are particular to local conditions, as costs will vary from across time and space, even if the effectiveness of interventions may not.  

4.
What questions are best answered by each method?

· CEA is good for choosing the most efficient – best - way to achieve an identified goal when resources are limited.

· CBA is good for identifying initiatives that pay for themselves (when benefits outweigh costs.)
Finally, because an economic analysis is based on certain sets of assumptions about variables, it should include a “Sensitivity Analysis” in which the assumptions are challenged to see how much they affect the outcome of the analysis.  Examples of variables for which sensitivity analysis is helpful include success rate of the intervention, valuation of costs of the intervention, or valuation of the benefits.  An example of sensitivity analysis is available in the recommended reading by Gaspoz.

5.
In your analysis of the cost-effectiveness of bicycle helmets, what were the most important variables?

· The size of the target population, 

· The change in the prevalence of helmet use achieved by the intervention, 

· The effectiveness of helmets, 

· The base injury rate, 

· The program costs such as the cost of helmets (both for the health department and for citizens) and staff salaries.

6.
How would changes in these variables affect the outcome of the analysis?  

· Conducting a sensitivity analysis involves changing the assumptions (see above variables).  

· Results of economic evaluations are dependent on assumptions used to estimate both costs and benefits.  

· Changes in the valuation of cost and benefits and changes in the choice of outcome measured both affect the result.  In this example, you can change the cost of helmets:  $10.00 vs. $25.00, the cost of personnel, brochures and advertising to see how that variable impacts the cost-effectiveness analysis. 

7.
Taking perspective, type of economic analysis, and sensitivity analysis into account, which preventive approach do you now think is the most cost effective means to decrease death and injury due to bicycle related accidents in your county?

The school approach is the most cost-effective option using the societal perspective.

 





Table 3. Bicycle Helmet Cost-effectiveness Exercise Answer Sheet

	
	Legislative Option
	Community Option
	School Option



	Target Population
	125,000
	450,000
	84,000

	Change in # of helmet users


	37,500
	135,000
	25,200

	Program Cost
	Publicity  $50,000

Enforcement $10,000

     = $60,000


	Media  $100,000

Health Education 

    (FTE - $40,000)

Distribution 

   (FTE - $30,000)

     = $170,000


	Publicity $25,000

Distribution

     (0.5 FTE – $15,000)

       = $40,000

	Provide Helmets
	None


	At cost ($10) for indigent children and adolescents 

Assumption:  

BUY ($10  x 25,000)

SELL ($10 x 20,000)
	At cost ($10) for indigent school children

Assumption: 

BUY ($10  x 16,800)

SELL ($10 x 13,500)



	Total Cost (Narrow perspective)
	Program only

=  $60,000
	-Program ($170,000) +

-Helmets purchased by agency but not sold 

($10 x 5,000)

= $220,000


	-Program ($40,000) +

-Helmet purchased by agency but not sold

($10 x 3,300) 

= $73,000

	Total Cost (Societal perspective)
	-Program ($60,000) + 

-Helmets purchased by parents 

($25 x 37,500)

= $997,500
	-Program ($170,000)  +

-Helmets purchased by agency but not sold 

($10 x 5,000) + 

-Helmets purchased by parents ($25 x 115,000)

=  $3,095,000
	-Program ($40,000) +

-Helmets purchased by agency but not sold 

($10 x 3,300) +

-Helmets purchased by parents ($25 x11,700)

=  $365,500



	Head injuries averted


	16
	57
	11

	Cost/head injury averted (narrow)


	$60,000/16 =

$3,750
	$220,000/57 =

$3,860
	$73,000/11 =

$6,636

	Cost/head injury averted (societal)
	$997,500/16 =

$62,344
	$3,095,000/57 =

$54,298
	$365,500/11 =

$33,227
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