EPI 204: Clinical Epidemiology, Fall 2006
  ____________________________

Final Examination 




NAME & Campus Box #
Due 11/30/06, 8:15 am in class

[# points + extra credit] listed after each question

NOTE:  We have more non-MDs in this course than in the past and we may not always realize when we write problems that require medical knowledge.  Our goal with this examination is to cover material taught in the course, NOT general medical knowledge.  Our hope is that what you need to know to obtain correct answers is either included in the question or was covered in the course.  If you are having trouble answering the question because of lack of medical knowledge, let us know.  

1.  A recent study
 suggested that oral candidiasis (i.e., thrush – a yeast infection of the mouth or throat) is a good clinical marker of immune failure in patients with HIV/AIDS undergoing highly active antiretroviral therapy (HAART), because in their study sample, the probability of immune failure in the presence of oral candidiasis was 91%.

a.) View the exam for oral candidiasis as a test for immune failure.  Which of the test characteristics that we have learned about does the 91% figure represent? [1]

b.)  Here are the results of the study’s cross-sectional sample of patients with HIV/AIDS on HAART:

	
	
	Immune Failure
	

	
	
	Yes
	No
	

	Oral
	Yes
	31
	3
	34

	Candidiasis
	No
	75
	37
	112

	
	
	106
	40
	146


i.) Can the prevalence of immune failure be calculated in this sample?  If so, what was it?  [1]

ii)  What was the probability of immune failure in the absence of oral candidiasis? [1]

iii)  What would you call this number? [1]

iv) Calculate the sensitivity and specificity of oral candidiasis for immune failure. [2]

v)  Calculate the likelihood ratios for having and not having oral candidiasis as a test for immune failure. [2]

c)
Do you agree with the authors that oral candidiasis is a good marker for immune failure in patients on HAART?  When is this "test" more and less helpful?  [2]

2.  Wang et al reported an observational study on the risk of death in elderly users of conventional vs. newer, “atypical” antipsychotic medications.  (Wang PS, Schneeweiss S, Avorn J, et al. Risk of death in elderly users of conventional vs. atypical antipsychotic medications. N Engl J Med. 2005 Dec 1;353(22):2335-4.)  They reported that “Increased risks associated with conventional as compared with atypical antipsychotic medications persisted in confirmatory analyses performed with the use of propensity-score adjustment and instrumental-variable estimation.” 

a. The “instrument” that the authors used in their instrumental variable analysis was whether the prescribing physician had chosen an atypical or conventional antipsychotic medication for the most recent patient to whom one of these medications was prescribed before the patient in the study.  

One characteristic of an instrumental variable is that it needs to be associated with the predictor of interest (in this case, receipt of a conventional vs. atypical antipsychotic drug by the index patient in the study).  Since prescribing physicians may tend to favor particular types of medications, this seems reasonable – if Dr X used an atypical medication for Mr. Brown, she might be more likely to do so for Mrs. Smith as well.  What is the other requirement for an instrumental variable?  Describe what it would it take for that requirement to be met in this particular study. [4]

b. The authors also did a propensity adjusted analysis.  In the analysis to generate the propensity score for each person, what is the OUTCOME variable that they would have needed to model? [4]

3.  A randomized, double-blind multi-center trial of tegaserod (Zelnorm®) for chronic constipation in 1264 patients (Am J Gastro 2005;100:362-72) reported response rates of 40.2% with tegaserod 6 mg twice a day, compared with 26.7% with placebo (P=0.0059).  (A 2 mg dose was less effective.)  The primary outcome was an increase of at least 1 complete spontaneous bowel movement (CSBM) per week over a 4 week period, compared with a 2-week baseline period.  

a.)  If we consider those that did not respond to be treatment failures, what are the RR, RRR and ARR (for treatment failure) for tegaserod 6 mg twice a day in this study? [3]

b.)  What is the approximate number-needed-to-treat (with 6 mg Zelnorm twice a day for 4 weeks) for each one that responds by having at least 1 CSBM per week? [2]

c.)   Zelnorm® costs about $180 for 60 pills (www.drugstore.com, accessed 11/9/06).   What is the cost of a month of treatment at the dose above per patient that responds? [2]

d.)  The endpoint of this study was an increase of ≥ 1 CSBM.  If each of the responders actually has 2 additional CSBM per week, what is the approximate cost of Zelnorm® per CSBM? [3]

e.)  EXTRA CREDIT +3:  Chronic constipation is a very common problem.  Why do you suppose Novartis chose to do the study in 128 centers in 18 countries on 3 continents?   [HINT: See an article by M.Andersen et al and the accompanying editorial by Bruce Psaty and Drummond Rennie in the June 21 issue of JAMA:]

4.)  Brennan et al reported on the "Prognostic Value of Myeloperoxidase in Patients with Chest Pain." (NEJM Oct 23, 2003; 349:1595-1604.) ROC curves from Panel C of Figure 2 of that paper are reprinted below. 

[image: image1.emf]
a.)  From looking at its ROC curve, what can you say about the value of the CRP at predicting major coronary events at 30 days? [1]

b.)  The methods section of the paper states, "Myocardial infarction was defined by Troponin T levels of at least 0.1 ng/ml."  

i.    Explain the connection between this case definition for MI and shape of the Troponin T ROC curve.  [2]


ii.   Of what type of bias is this an example? [2]

c.)  The shape of the ROC curve for myeloperoxidase in panel C suggests that little would be lost by classifying myeloperoxidase levels as low, medium, and high.. To make the math easy, we’ve drawn some lines on that ROC curve, and included little squares to indicate the cutpoints between low, medium and high.

i) What are likelihood ratios for low, medium and high myeloperoxidase results? [2]

ii) Let's suppose you would treat the patient differently depending on whether you thought the thought the probability of a major adverse coronary event at 30 days was 20% or more.  For what range of prior probabilities of a major adverse coronary event at 30 days could the results of the myeloperoxidase test affect your management? [4]

d.)
The ROC Curve for CK-MB in Panel C has a funny shape.  What does the shape tell you about the distribution of CK-MB in subjects with and without major adverse coronary events at 30 days? [1]


5)  Questions 5 and 6 use data from Andy Michaels's research (in progress).  (Andy is a cardiologist who was a TA for this course last year.)

B-type natriuretic peptide (BNP) has been developed as a blood test to help physicians differentiate cardiac from non-cardiac causes of shortness of breath.

A cross-sectional sample of 80 patients had BNP measured prior to simultaneous echocardiogram and cardiac catheterization.  The diagnosis of congestive heart failure (CHF) was made in 17 patients (by echocardiogram and cardiac catheterization).

	BNP
	CHF+
	CHF--

	>500
	10
	4

	100-500
	7
	24

	<100
	0
	35

	TOTAL
	17
	63


a) Calculate the likelihood ratio for each of the 3 ranges of BNP values:  >500, 100-500, and <100 pg/mL.[3]

b) On the grid below, draw an ROC curve summarizing how well BNP distinguishes between CHF+ and CHF- .[3]
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c) Note that none of the 17 CHF+ patients had a BNP < 100.  This means that the sensitivity for CHF of a BNP ≥ 100 was 100%.  Calculate the lower 95% confidence boundary for this sensitivity.(Either approximate or exact is OK, but show your work.) [2]

d) Based on history, physical exam, and chest x-ray, you estimate a patient’s pretest probability of CHF at 25%.  Calculate his post-test probability for each of the 3 possible BNP results that we have considered. [2]

6.  Another diagnostic test is being assessed to determine its usefulness in diagnosing heart failure.  This "EMAT" test comes from an ECG and heart sound recording, and is the time from electrical ventricular activation (the Q wave) until the first heart sound.  An EMAT >15 is abnormal (a “positive” test).  .  Here are results of EMAT tests on the same 80 patients discussed in Problem 5:

	 
	CHF+
	CHF-

	EMAT+
	8
	4

	EMAT -
	9
	59

	Total
	17
	63


Finally, here are the combined BNP and EMAT results for the same 80 patients..

	BNP
	EMAT > 15
	CHF+
	CHF-

	>500
	Pos
	5
	0

	>500
	Neg
	5
	4

	100-500
	Pos
	3
	1

	100-500
	Neg
	4
	23

	<100
	Pos
	0
	3

	<100
	Neg
	0
	32

	Total
	17
	63


a) Calculate the likelihood ratios for two combinations of test results: one for (BNP 100-500 & EMAT >15) and one for (BNP 100-500 & EMAT ≤15). [2]

b) Admittedly these numbers are small, but focus on the group of 27 patients with BNP 100-500 and EMAT-Negative (<15). Do the data for that group of patients suggest that the two tests are independent or non-independent?  Show your work. [2]






c.)  Now suppose that the tests are about equal in costs, risks, availability, etc., and that the numbers from this small study hold up in a larger study.  In what sequence should you order these two tests?  Why? [3]

7. Several cancers can metastasize (spread) to bone causing resorption that leads to skeletal complications such as fractures and pain.  Bisphosphonates are drugs that reduce the cancer-related bone resorption and possibly skeletal complications.  N-telopeptide (Ntx) excretion in the urine is a marker for bone turnover and might predict skeletal complications in patients with cancer that has metastasized to bone.  Brown et al (Br J Cancer 2003;89(11):2031-7.) measured baseline Ntx excretion and followed 121 patients for three months while they were all being treated with bisphosphonates.  They dichotomized Ntx excretion at 100 nmol/mmol of creatinine so that Ntx ≥ 100 was considered “positive” for increased bone resorption and Ntx < 100 was considered negative.  They were following patients for “all skeletal-related events, plus hospital admissions for bone pain, and death.”  The abstract continues (and concludes) as follows:

Patients with baseline Ntx values ≥ 100 … (representing clearly accelerated bone resorption) were 19.48 times (95% CI 7.55, 50.22) more likely to experience a skeletal-related event/death during the first 3 months than those with Ntx <100 (P<0.001). … This study is the first to indicate a strong correlation between the rate of bone resorption and the frequency of skeletal complications in metastatic bone disease. N-telopeptide appears useful in the prediction of patients most likely to experience skeletal complications and thus benefit from bisphosphonate treatment.

a.)   Here are the study results at 3 months:

	
	Skeletal Complication/Death

	NTX
	Yes
	No
	Total

	> 100
	41
	15
	56

	<= 100
	8
	57
	65

	Total
	49
	72
	121


Do you agree with the authors statement? “Patients with baseline Ntx values > or =100 nmol mmol(-1) creatinine … were 19.48 times … more likely to experience a skeletal-related event/death during the first 3 months than those with Ntx <100”  Explain your answer. [2]
b) The “events” that the Ntx predicted included death.  How might this have affected the results? [2]

c) The last sentence of the abstract states:

N-telopeptide appears useful in the prediction of patients most likely to experience skeletal complications and thus benefit from bisphosphonate treatment.

Do you agree that the study provides information on who might most benefit from bisphosphanates?  Why or why not?  (Hint: read the study description carefully!) [2]

8.  Women 11-14 weeks pregnant who get ultrasound scans often have the fetal nuchal  (neck) translucency measured as a test for chromosomal abnormalities, the most common of which is trisomy 21 (Down Syndrome).  Nuchal translucency is the measurement (in mm) of the subcutaneous edema (fluid) between the skin at the back of the fetal neck and the soft tissue overlying the cervical spine.  Chromosomal abnormalities can be established definitively by using chorionic villus sampling, but this is an invasive test that can accidentally terminate the pregnancy.  Cicero et al (Ultrasound Obstet Gynecol 23(3): 218-23) reported nuchal translucencies in 5556 fetuses.  The tests were done prior to definitive determination of trisomy 21 versus normal chromosomes via chorionic villus sampling.  The results are show below.

	Nuchal Translucency
	Trisomy 21 (D+)
	%
	Chromosomally Normal (D-)
	%
	Likelihood Ratio

	>=5.5 mm
	104
	31.2%
	100
	1.9%
	

	4.5-5.4 mm
	41
	12.3%
	84
	1.6%
	

	3.5-4.4 mm
	67
	20.1%
	294
	5.6%
	

	>95th - 3.4 mm
	83
	24.9%
	1500
	28.7%
	

	≤ 95th Percentile
	38
	11.4%
	3245
	62.1%
	

	
	333
	100.0%
	5223
	100.0%
	


a) Fill in the Likelihood Ratio column in the preceding table. [2]
b) If you are willing to do chorionic villus samples on 30 normal fetuses to identify 1 trisomy 21 fetus, at what posterior probability of trisomy 21 would you do the chorionic villus sampling? (HINT: What we are saying is that it is 30 times as bad to not do chorionic villus sampling and miss a trisomy 21 fetus as it is to do a chorionic villus sampling unnecessarily.) [2]








c) Assume that the threshold calculated in part b is your “treatment threshold” for performing chorionic villus sampling and that the only chromosomal abnormality at issue is trisomy 21, with a pretest probability of 1%.  Under these assumptions what is the threshold NT measurement that should prompt chorionic villus sampling?  [2]

d) You just specified a nuchal translucency threshold that should prompt chorionic villus sampling.  If nuchal translucency at or above this threshold is considered “NT positive” for trisomy 21 and nuchal translucency below this threshold is considered “NT negative,” what is the sensitivity and specificity of the NT test for trisomy 21? [2]

One potential problem with this study is that the D+ group included only fetuses with trisomy 21 and excluded 295 fetuses with other clinically significant chromosomal abnormalities, all of which are detected on chorionic villus sampling.  If the purpose of measuring the nuchal translucency is to determine when to get chorionic villus sampling, these 295 fetuses with chromosomal abnormalities other than trisomy 21 should be included in the D+ group.
The 295 fetuses with chromosomal abnormalities other than trisomy 21 had nuchal translucencies intermediate between chromosomally normal fetuses and trisomy 21 fetuses as shown below:

	Nuchal Translucency
	Chromosomal Abnormality Other Than Trisomy 21
	

	>=5.5 mm
	49
	16.6%

	4.5-5.4 mm
	21
	7.1%

	3.5-4.4 mm
	38
	12.9%

	>95th - 3.4 mm
	79
	26.8%

	<=95th Percentile
	108
	36.6%

	
	295
	


e) What would be the effect of including fetuses with these other chromosomal abnormalities in the D+ group (rather than excluding them) on sensitivity and specificity of NT? Presume that you are really interested in how sensitive/specific NT is for ANY clinically significant chromosomal abnormality. ?   [1]





f) What would be the effect of including these patients in the D- group on the sensitivity and specificity of NT for Trisomy 21 (-- i.e., of redefining the D- group from "chromosomally normal" to "No Trisomy 21"? ) [1]

g) Name the bias resulting from exclusion of the 295 chromosomally abnormal fetuses. [1]

9.   A recent paper in The New England Journal of Medicine (October 26, 2006) reported 88% estimated 10-year lung-cancer-specific survival among 412 patients with Stage I lung cancer detected by CT screening.  This contrasts with about 5% survival among lung cancer patients in general.  Which of the following statements about this finding are true?  (T/F for a-d; include explanation or e.)

a. Because survival was counted beginning at the time of diagnosis, some improvement in survival would be expected due to lead-time bias, even if there was no advantage to early detection. [1]

b. "Sticky diagnosis bias" could not be an explanation for these favorable findings. [1] 

c.   Because tumors identified on screening tests tend to be slower-growing and have a more benign prognosis that tumors that present with symptoms length-time bias could contribute to these favorable results. [1]

d.   Overdiagnosis of lung cancer (pseudodisease) in these participants is unlikely, because all diagnoses were confirmed pathologically. [1]

e.    These results suggest that CT screening reduces lung cancer mortality by 80% or more.  EXPLAIN YOUR ANSWER.  [4]

10. An article (Sinal SH et al. Clinician agreement on physical findings in child sexual abuse cases.  Archives of Pediatrics and Adolescent Medicine, 1997 151(5):497-501) examined inter-rater reliability for diagnosing sexual abuse in pre-pubertal girls.  Experienced clinicians (N=7) rated sets of culposcopic photographs on a 5 point scale with (1=normal; 2=nonspecific findings;3=suspicious for abuse; 4=suggestive of penetration; 5=clear evidence of penetrating injury).  Simulated data from this study are reproduced below (pretending there were just 2 observers):

	 
	 
	 
	Obs#2
	 
	 
	 

	Obs #1
	1
	2
	3
	4
	5
	Total

	1
	12
	4
	0
	1
	0
	17

	2
	8
	6
	4
	4
	1
	23

	3
	4
	4
	6
	4
	2
	20

	4
	0
	1
	2
	5
	2
	10

	5
	0
	0
	1
	4
	2
	7

	Total
	24
	15
	13
	18
	7
	77


a.  What is the observed % agreement? [1]

b.  What % agreement would be expected by chance? (Show your work.) [1]

c. What is (unweighted) Kappa? [1]

d. The published unweighted Kappa in this study was 0.20; the published weighted kappa (using quadratic weights) was 0.62.  Why do you think there is a big difference? Which result is  more clinically relevant, and why? [2]

 [2]




e. The data collection form for the study included a 6th category, "Unable to interpret." Most of the Kappa values published for the study were based on the subset of 77 (55%) of 139 sets of photographs which were "interpretable" by all 7 clinicians.  


i.) How would you expect this exclusion of “Unable to interpret” photographs to affect the results? [2]


ii.) How else could they have handled that 6th category? [2]

f. EXTRA CREDIT: The authors actually assessed interobserver agreement in two groups of clinicians both with and without blinding them to the patients' histories.  Results are shown below:

	(Unweighted) Kappa values for interpretation of culposcopic photos on a 5-point scale

	
	Blinded (N=456)*
	Provided History (N=510)*

	Group 1
	0.22
	0.11

	Group 2
	0.31
	0.15


*These "n" values indicate the number of pairwise comparisons between clinicians for which both considered the photographs interpretable.

What are some possible explanations for the higher kappa values when observers were blinded to the history? [+3]


11.  During pregnancy, the fetus swallows amniotic fluid and debris which make their way through the fetal intestinal system to be passed as the first few stools after birth.  These are called meconium stools.  Occasionally due to fetal stress during labor, the meconium stools are passed prior to birth, staining the normally clear amniotic fluid.  The problem is that infants born through meconium-stained amniotic fluid can aspirate (inhale) the meconium during their first breaths.  The meconium can injure the lungs causing meconium aspiration syndrome (MAS), a life-threatening disorder.  For this reason, when a baby is born through meconium-stained amniotic fluid, the delivering clinician often tries to suction out the nose and mouth before the baby takes his or her first breath.

Vain et al (Lancet, 8/14/2004, 364: 597-602) did a randomized controlled trial of suction to prevent MAS.  Here is a 2x2 table summarizing the results of this study, using the conventions taught in this class (active treatment in the top row, bad outcome in the left column).  Relative risk and absolute risk difference are both calculated with 95% confidence intervals. 

	
	MAS
	No MAS
	Total
	Risk

	Suction
	52
	1211
	1263
	4.12%

	No Suction
	47
	1204
	1251
	3.76%

	Total
	99
	2415
	2514
	


Relative Risk = 4.12%/3.76% = 1.10 (95% CI: 0.74 to 1.61)

Absolute Risk Reduction (ARR) = 3.76% – 4.12% =  – 0.36% (95% CI: –1.88% to +1.16%)

(Point estimate is a risk increase, so ARR is negative)

a) From the “Results” section:

“ …26 (2%) infants assigned no suction received intrapartum suctioning, mostly because the obstetrician demanded suctioning just as the child's head was being delivered, and were also analyzed as part of the no-suction group. These events occurred at several institutions early in the study period. Consequently, no further infants delivered by the non-compliant obstetricians were enrolled.”

Why not analyze these 26 infants in the suction group, or at least drop them from the analysis altogether?  Do you think dropping them from the analysis would favor suction or no suction? [3]

b) The sample size for this study was chosen assuming an MAS frequency of 7% in the no-suction group and that, to be clinically significant, suction would have to result in an absolute risk reduction of 3% (i.e. NNT = 33 to prevent one case of MAS).  However, the frequency of MAS in the no-suction group was only 4% in the study, meaning that there were substantially fewer bad outcomes to analyze and the power of the study to identify a significant effect of suction was less than anticipated.  Now that they know the MAS rate is only 4%, but assuming an ARR of 3% is still the smallest improvement that would be clinically significant, should the authors repeat the study with a larger sample size? [3]

c) Logically, the babies that stand to benefit the most from suctioning are those delivered through thick meconium, who have a much higher risk of MAS.  However, the study included babies delivered through amniotic fluid stained with meconium – no matter how minimal the staining.  Pretend for a minute that an unplanned subgroup analysis of babies delivered through thick meconium showed a 5% (absolute) lower rate of MAS in those randomized to suction (P = 0.045), and no benefit in patients with moderately or minimally stained amniotic fluid (P= 0.20; trend in opposite direction).  What would you conclude about the benefits of suctioning in patients delivered through thick meconium? [3]
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� Gaitan-Cepeda LA, Martinez-Gonzalez M, Ceballos-Salobrena A. Oral candidosis as a clinical marker of immune failure in patients with HIV/AIDS on HAART. AIDS Patient Care STDS 2005;19(2):70-7.
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