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Exam 2
March 13, 2008

The exam consists of 10 questions.  Show all work to receive credit.  Clearly organize your work and draw a box around your final answers.  NEATNESS COUNTS!  Good Luck!
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PROBLEM 1: Development of technology (5 points total)

Eureka! You have just created what could be an HIV vaccine. Describe the
steps which you must undertake before you can obtain FDA approval to market this vaccine.

Pre clinical testing in animals

Phase I testing in healthy volunteers to monitor safety

Phase II testing to monitor safety and efficacy

Phase III testing to monitor safety and efficacy

FDA submission for approval to market

PROBLEM 2: Multiple choice. 3 pts each (18  points total).
a. Bordetella pertussis and Influenza A virus are examples of respiratory pathogens; bacterial and viral, respectively. As such, they can both: 
a) Reproduce extracellularly, in saliva and lung fluids

b) Be killed with antibiotics

c) Reproduce inside lung cells

d) Cause inflammation and coughing

Answer:d (viruses can’t reproduce outside cells, or be killed with antibiotics, bordatella can’t reproduce inside lung cells, so the only common thing between them is causing inflammation)

b.  If a pathogen penetrates the skin barrier, which of the following action (s) will your immune system take as a first step to fight infection: 

a) Activate B-cells to generate  antibodies against it

b) Activate T-cell responses to kill infected cells

c) Launch macrophages and inflammatory molecules to signal infection

d) Release platelets to drive coagulation and prevent the pathogen from entering the blood flow

Answer: c (innate imunity-macrophages and inflammation- is the first response after a skin barrier is bypassed)

c. During HIV infection, HIV surface glycoproteins mediate which step(s):

a) Viral binding and fusion

b) Reverse transcription

c) Integration into cellular DNA

d) Synthesis of new viral particles & poly-protein cleavage through viral proteases

Answer: a
d. As part of the adaptive immune response, activated T cells kill:

a) Infected cells

b) Viral particles

c) Bacteria

d) All of the above

Answer: a  (they never kill isolated virus or bacteria)
e. The Gardasil vaccine has been recently licensed to prevent infection with four strains of human papilloma virus (HPV). The vaccine does not use any live virus or a killed virus, so it cannot cause disease. Which type of vaccine meets this criteria and would be effective against the virus?

a) Carrier vaccine

b) Toxoid vaccine

c) Subunit vaccine

d) Inactivated virus vaccine

Answer: c. Both toxoid and subunit vaccines are virus-free (no alive or killed virus in them). Viruses don’t make toxins, so a toxoid vaccine would not be effective vs. HPV, and only the subunit would work.

f. Through his unethical experiment Edward Jenner made the first smallpox vaccine.  The material that he used to inoculate his patients was:

a) A carrier vaccine

b) A subunit vaccine

c) An inactivated virus vaccine

d) A live attenuated virus vaccine
Answer: d. he had no technology, so toxoid, subunit or recombinant carrier vaccines which require purification steps and genetic engineering are out. He did not further process the virus he obtained from the scabs of cowpox lesions before using it in his patients, so its not inactivated. Cowpox virus acts as a live attenuated version of small pox

PROBLEM 3: (12 points total)
a. Name and explain in one sentence the 2 functions of antibodies in the immune system. (3 pts)
Answer: They neutralize (prevent binding of pathogen or toxin to its target), and they act as bridge between pathogen and cells of the immune system that kills them.

b. Name two challenges for HIV vaccine development. (3 pts)
Answer: We discussed 5 in class: Virus variability (maaany subtypes); A vaccine likely needed for each; high mutation rate due to error prone RNA polymerase; No good access of antibodies to glycoproteins (too glycosylated and change conformation); the virus attacks the immune system that is supposed to fight it.

c. There are three HIV vaccines that are on advanced clinical trials. Name one vaccine approach (vaccine type) or one strategy used by one of these vaccines, and briefly explain it. (3 pts)
Answer: Subunit vaccines (purified viral proteins); or Carrier vaccines (hybrid between non pathogenic carrier virus engineered to make a few HIV proteins); or prime/boost strategy (where initial prime with one type of vaccines is followed by a different kind of vaccine).

d. Yearly flu vaccination benefits the whole community, even those that don’t get the vaccine. Through what effect is this achieved? (3 pts)
Answer: The HERD effect. If 85-90% of the population is protected there is overall less disease going around, so even those not immunized are protected by being in this population  (the herd)

PROBLEM 4: Ethics of clinical trials (15 points total)

The Belmont Report establishes the three fundamental ethical principles that guide the ethical conduct of research involving human participants: 1) Respect for Persons; 2) Justice; and 3) Beneficence.  These principles require that all subjects participating in medical research give informed consent.
a. Define informed consent.

Informed consent means that a subject has been fully informed of the risks and benefits of participating in a study and has voluntarily chosen to participate.

The following story appeared in The Oregonian in 2005.  Read it and answer the question below.

Blood trial could omit consent form 

Doctors seek community consensus to test a blood substitute on trauma patients who may not be conscious 
ANDY DWORKIN 

How would you feel knowing that a doctor could experiment on you, without your permission, while you were unconscious? What if that experiment could help save your life and test a possible treatment for wounded soldiers or car crash victims? Doctors want Portland-area residents to ponder those questions as they move toward joining a study of a blood substitute called PolyHeme. Trauma medics with Legacy Health System, Oregon Health & Science University and local ambulance companies would take part in a national trial comparing PolyHeme with the salt-water solution now carried on ambulances.

This is no ordinary research project. In most trials, scientists must tell each potential participant about the possible risks and rewards before getting their agreement to participate, a process called "informed consent." But PolyHeme would go to people unconscious from blood loss when treatment starts. A seldom-used and ethically controversial 1996 Food and Drug Administration regulation lets researchers waive informed consent to test potential life-saving treatments when there is no other way to conduct the research. Instead of individual consent, the FDA says researchers must teach local residents about the trial and gauge their feelings. So Legacy and OHSU workers are mailing letters to local officials and holding three public meetings to explain the trial and ask for feedback. "This is not a sure thing that the study will happen," said Lise Harwin, a Legacy communications coordinator who helped plan the public education. "What we're trying to do now is get feedback to determine if it will." Portland researchers have spent more than a year planning the trial, and both hospitals' research-review boards have approved the idea. But those boards won't give their final approval until they consider public reaction. 

Scientists have spent decades searching for a blood substitute, which trauma doctors say is desperately needed. Donated blood is too delicate and has too short a shelf life to carry on ambulances. Instead, paramedics use durable saline solution. But saline can't carry oxygen through the body; PolyHeme does. PolyHeme, which is made from expired blood donations, has a longer shelf life than blood and can be administered to a person of any blood type. 

Local research boards "haven't established a particular percent or number" of negative responses from the community that would cause them to stop the trial, Allee said. One reason is that researchers assume people worried about the process are more likely to comment than those who support it. 

b. Suppose you are a member of the OHSU IRB.  Would you have voted to approve this trial?  Why or why not? Support your answer using the principles of the Belmont Report.  

A clinical trial recently carried out at Johns Hopkins University tested the effects of a chemical irritant to understand why some people get asthma. Three healthy volunteers with normal respiratory systems inhaled the chemical. Two days after inhaling the chemical, Ellen Roche, 24, a technician at the Johns Hopkins Asthma and Allergy Center, developed a cough, fever and muscle pain. She quickly developed respiratory distress, and within a month she was dead. The chemical she inhaled turned out to be far more toxic than the researchers realized. In fact, the lead investigator's literature search of the most common databases (which date back only to 1960), did not turn up earlier studies hinting at the chemical's potential dangers, but after-the-fact searches using different search engines and databases did turn up references to the potential risks to humans. In a review of the study, the FDA raised questions about the informed-consent forms that Roche and two other subjects had signed. On them, hexamethonium is referred to as a "medication" and as "(having) been used as an anesthetic"—giving subjects a sense that it was an FDA-approved medicine and therefore safe. Another criticism: Togias failed to report that his first subject (Roche was the third) had developed a cough. It went away, and Togias assumed it had to do with a viral infection making the rounds at Bayview at the time. 

c. Discuss any problems associated with the protection of human subjects using the principles of the Belmont report.
Beneficence:  There were no potential benefits to these subjects, yet there were significant risks.  This study did not minimize the ratio of risks to benefits for these subjects.

Justice: No issues.

Respect for Persons:  The issue here is did the subjects have enough information to make an informed decision about whether to participate.  They did not have all the information about the potential risks.

PROBLEM 5: Burden of Cancer (8 points total)

a. List 2 cellular characteristics that change as tissue progresses from normal to cancer? (3 pts)
Increase in metabolic activity

Increase in nuclear to cytoplasmic ratio

Nuclear enlargement

Becomes more uniformly crowded or the progression to stratified squamous between the basement membrane and the surface is not maintained

The cells break through the basement membrane
b. What is angiogenesis and how does that lead to metastasis? (2-5 sentences should be enough) (3 pts)
Angiogenesis: growth new blood vessels from existing blood vessels (as long as they got growth of new blood vessels that should be fine)

The blood and lymph supply provide an avenue for which cancer cells can travel to other blood vessels giving cancer cells access to other organ sites. Cancer cells squeeze into the blood vessels (intravasation) and squeeze out (extravation) to form metastatic deposits. 
c. Aside from costs, what is the difference between screening and diagnostic tests? (2 pts)
Screening: simple tests performed on general populations (asymptomatic).

Diagnostic: suspected populations, diagnostic test is used to follow up screening test.

PROBLEM 6: 1.5 pts each (12  points total)

Below is a list of acronyms on cancer screening technologies. Fill the table below by determining what the acronym stands for, the follow-up diagnostic technique used, and the basis of screening technique (morphological marker, protein marker, or DNA marker).
	Technique


	What does the acronym stands for?
	Follow-up diagnostic technique
	Type of Marker (morphological, protein, or DNA)

	HPV test


	Human Papilloma Virus test
	Colposcopy/biopsy
	DNA marker

	VIA


	Visual Inspection with Acetic Acid
	-----
	Morphological marker

	DRE


	Digital Rectal examination
	Colposcopy/biopsy
	Morphological marker

	PSA test


	Prostate Specific Antigen test 
	Prostate biopsy
	Protein marker

	TVUS


	Transvaginal Ultrasound
	Diagnostic laparoscopy
	Morphological marker


PROBLEM 7: (12 points total).
a. The screening guideline for cervical cancer suggests regular Pap smear every year or liquid-based Pap every 2 years. Why is there a difference in the screening time interval? (2 pts)
Higher Se and Sp of liquid Pap compared to regular Pap. Lesser screening time interval.
b. PAP test is considered as the most effective screening technology in medical history despite the relatively low sensitivity (62%) and specificity (78%). Give 1 reason to explain this trend. (2 pts)
Screening often (once a year) where development of cancer takes 8-10 years.

Low Se is followed by colposcopy methods (high Se) and low Sp is followed by biopsy methods (high Sp)
c. Why is HPV test approved only in conjunction with Pap test? (2 pts)
HPV positive test does not mean viral DNA is integrated to host, so PAP test will determine cytologic markers which are a better indication of integration. 
d. Despite the availability of HPV vaccines, why is it still important to perform screening for cervical cancer. Give 1 reason. (2 pts)
Vaccine only prevents certain HPV isotypes.

Older population who did not receive shots and already exposed to HPV infection should be screened.
e. Why is PSA for prostate cancer a more reliable biomarker compared to CA125 for ovarian cancer. (2 pts)
PSA only produced by prostate glands while CA125 can be caused by other conditions (pregnancy, etc).
f. Ultrasound technology is one of the screening test for ovarian cancer. Explain the major challenge for using optical technology in screening for ovarian cancer? (2 pts)
Access to tissue.

PROBLEM 8: Calculations: David and Nadhi (18 points total)

Along with chest x-ray, spiral CT has been developed to detect early lung cancer.  Spiral CT is a computerized x-ray scan that takes hundreds of detailed pictures of the chest in less than 20 seconds. If a patient tested positive on the test, a lung biopsy is performed either through a scope fed down the windpipe (bronchoscopy) or with a needle through the rib cage (CT-directed needle biopsy). Possible complications from biopsies include partial collapse of the lung, bleeding, infection, and pain and discomfort. The cost of spiral CT is $300 and the cost of lung biopsy is $1500.

A study was conducted among 10,000 individuals with a heavy smoking history, and who are at high risk to develop the disease. Among the 2000 participants who were found to have lesions on Spiral CT, 90 were found to have lung cancers. Among the 8000 participants who tested negative, only 10 actually had lung cancer. 
a. Calculate the Se, Sp, PPV, and NPV. (2.5 pts each, 10 points total)
ANSWER:

	
	Test Positive
	Test Negative
	

	Disease Present
	TP 

90
	FN

10
	# w the Disease

TP+FN = 100

	Disease Absent
	FP

1910
	TN

7990
	#w/out the Disease

FP +TN =9900

	
	# Test Positive =

TP + FP = 2000
	# Test Negative = 

TN + FN = 8000
	Total Tested = TP +FN +TN +FP  = 10000


Sensitivity: TP/(# with disease) = TP/(TP+FN) = 90/(90+10) = .90

Specificity: TN/(# without disease) = TN/(TN+FP) = 7990/(7990+1910) = .8071

PPV: TP/(# Test Pos) = TP/(TP+FP) = 90/(90+1910) = .045

NPV: TN/(# Test Neg) = TN/(FN+TN)  = 7990/(10+7990) = .999

b. Calculate the cost per cancer in this study, assuming all positive spiral CT tests were followed by lung biopsy. (4 pts)


Answer= ((300*10,000)+(1500*2000))/90= $66,667
c. How high does specificity need to be to reach PPV value of 40%. Sensitivity and prevalence remain constant. (4 pts)
If PPV=0.40, FP=((90-(0.4*90))/0.4 = 135 

TN= Total# w/o disease – FP = 9990-135 = 9765
Sp = TN/(TN+FP) = 9765/9900 = 98.6%

Extra Credit:
1. We discussed Michael Specter’s article The Vaccine in class, and did a short pop quiz on it. CONGRATULATIONS!  If you answered the quiz correctly, we will add 2 points to your overall score.
2. In the pictures below, where is Dr. Koop hiding? (2 pts)
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He’s on DNA.
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He’s in the Philippines

























