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Overview
The dataset arises from a phase 2b randomized clinical trial (RCT) of a new drug that was investigated for any ability to improve or preserve attention in patients with mild cognitive impairment (MCI). The focus of this examination is the data related to a potential toxicity of the drug on the inner ear (ototoxicity). The data consists of longitudinal measurements of subjectively graded symptoms related to hearing, tinnitus (a ringing sensation in the ears), balance, and vertigo (dizziness from a sensation of spinning), as well as audiology hearing thresholds measured at eight frequencies on each ear. You are asked to analyze these data to assess any evidence for a tendency for the drug to adversely affect the functioning of the inner ear in some or all patients.
This document provides sufficient background information for you to perform an analysis of the data to address the questions of interest at least to the satisfaction of the examining committee. The committee advises that you concentrate on the ways that the information given below would be used to influence your data analysis approach, rather than spending time searching for other sources of information.
This document provides background information on:

· The Disease: Mild Cognitive Impairment (MCI)
· The Experimental Treatment: LG-03812
· Normal Hearing and Symptoms/Signs of Hearing Impairment
· Normal Balance and Symptoms/Signs of Balance Problems
· Symptoms and Signs of Ototoxicity
· Assessing / Grading Severity  of Ototoxicity
· The Randomized Phase 2b Clinical Trial
Following the background section are sections on

· Questions of Interest

· Description of the Data

· Data Management in R and Stata
Background
The Disease: Mild Cognitive Impairment (MCI)
Mild cognitive impairment is a diagnosis given to individuals who experience some loss of cognitive function, but for whom that loss of cognition has not (yet) affected normal activities of daily living. Much attention has focused on MCI that exhibits primarily as memory loss (amnestic MCI), as it has been observed that approximately 10-15% of patients with a diagnosis of amnestic MCI progress each year to a diagnosis of Alzheimer’s Disease. Hence, much research into the possible prevention of Alzheimer’s Disease is conducted in patients with amnestic MCI. It should be noted, however, that MCI is a largely subjective diagnosis: mild deficits in neuropsychological testing results are used along with subjective clinical opinion to make the diagnosis.
Presumably, if a drug were found that could beneficially alter the time course for MCI patients’ progression to Alzheimer’s Disease, those patients might take such a drug for many years.
The Experimental Treatment: LG-03812
Aspects of Alzheimer’s Disease take on the appearance of an inflammatory process. Hence, there has been some interest in exploring the possibility that anti-inflammatory drugs might beneficially modify the progression of MCI to full dementia. LG-03812 is an experimental chemical that is related to a class of non-steroidal anti-inflammatory drugs (NSAIDs).
Owing to its experimental status, there is only minimal prior clinical information on the effects of LG-03812 on cognition or adverse effects. Hence, the investigators undertook a phase 2b randomized clinical trial of two candidate doses of LG-03812 versus placebo to obtain preliminary estimates of efficacy as well as detailed information about drug safety over a one year period of treatment. In preliminary phase 2a studies, there were some interesting trends toward improved attention (as measured by the digit symbol substitution test (DSST)) among patients taking LG-03812, and this, along with prior suggestion of the ability of other classes of drugs to similarly affect this aspect of cognition, led the investigators to choose a primary endpoint based on the DSST. 
As there had also been some suggestion of a potential for ototoxicity among related drugs, important safety endpoints in the clinical trial included measures related to hearing and balance, because ototoxicity tends to be most associated with the inner ear. As with all potential side-effects of a drug, there would be less concern about adverse effects on the inner ear that were mild, transient, and affected only a relatively small proportion of patients. Such self-limited side effects would not necessarily preclude the use of an otherwise effective preventive therapy. On the other hand, the further investigation of a drug would be of less interest if it led to even moderate symptoms that might persist or progress over a longer period of preventive treatment.
Normal Hearing and Symptoms/Signs of Hearing Impairment
In a normal ear, 

· sound waves are transmitted through the external ear canal to the eardrum;

· vibrations of the eardrum cause motion of the ossicles of the middle ear (small bones known familiarly as the hammer, anvil, and stirrup), which in turn transmit the sound energy through the oval window which separates the middle ear from the cochlea of the inner ear; 
· vibrations of the oval window cause fluid waves that can stimulate the hair cells of the cochlea to generate a nerve signal that we perceive as sound; and

· individual hair cells will be stimulated differently according to the frequency of the sound wave (how low- or high- pitched the sound was) and the strength of the initial sound wave (i.e., how loud the sound was).

Frequency of sound is measured in Hertz (Hz, or cycles per second):

· Human hearing “normally” ranges from 20 Hz to 20,000 Hz, though the ability to hear soft sounds (or, indeed, any sounds) at the highest frequencies generally declines relatively quickly with age.

· Normal speech tends to occur at frequencies between 200 Hz and 4,500 Hz.
Loudness of sound is typically measured in decibels (dB), which are a logarithmic scale:
· The limits of “normal” hearing vary by frequency at every age. 

· The lower limits of hearing in some individuals may be as soft as -5 dB or -10 dB at some frequencies. 

· The hearing acuity required for understanding normal speech also varies with frequency: a mapping of the loudness of speech versus sound wave frequencies forms a “speech banana” (so-called owing to its shape in a two-dimensional plot of loudness vs frequency) covering 
· 20 to 45 dB at around 250 Hz, 
· 40 to 65 dB at around 1,000 Hz, and 
· 15 to 40 dB at 4,500 Hz.
Hearing impairment can arise through multiple mechanisms:

· The external ear canal can become blocked by, for instance, excessive ear wax or water trapped by excessive ear wax.
· The eardrum can be acutely inflamed (and thus unable to vibrate) due to a middle ear infection.

· The eardrum can be scarred (and thus less flexible) due to repeated or chronic ear infections.

· The ossicles (small bones) of the middle ear can become fused and thus unable to move in the transmission of sound.

· The hair cells of the cochlea in the inner ear can be damaged or destroyed by loud noise, infections, or toxins, thus losing the ability to detect sounds at the frequencies corresponding to the damaged or destroyed cells. (In mammals, the hair cells can not usually be regenerated once they have been destroyed.)

Hearing impairment can be divided into 

· clinical (symptomatic) hearing loss in which the patient notices (and complains of) an inability to hear or tinnitus (ringing in the ears), and

· subclinical (signs of) hearing loss in which the hearing impairment is objectively measurable, but has not yet become so severe as to cause problems to the patient. (In medical terms, a “symptom” is something that a patient would remark on, and a “sign” is something that the clinician might measure on or notice about a patient.)
Clinical hearing loss is usually reported when a patient has difficulty hearing and understanding normal conversation. Hence, hearing loss usually must be on the order of 15 dB in the normal speech frequencies (250 Hz – 4500 Hz) before a patient would spontaneously complain of hearing impairment. Symptoms of tinnitus may occur with the symptoms of hearing loss, or tinnitus may occur in isolation.
Detection of subclinical signs of hearing loss, as well as objective documentation of the extent of any symptomatic clinical hearing loss, is measured by audiometry. In an audiometric examination, an audiologist presents sounds at varying frequencies (usually between 250 Hz and 8,000 Hz) and varying loudness (typically varied in increments of 5 dB) to determine the softest sound that can be detected at each frequency. The softest sound that can be reliably heard by a subject at a given frequency is termed the “hearing threshold” for the patient at that frequency. Audiologists strive for reproducibility of hearing thresholds within 5 dB for repeated measurements, though variations on the order of 5 – 10 dB are typically observed in test-retest studies.
Some patterns in audiometric measurements have been observed according to the mechanism of hearing loss. For selected causes of hearing loss we consider the patterns of hearing loss across different frequencies and whether that hearing loss is on one side or both sides:

· Blockage of the external auditory canal tends to affect all frequencies similarly and it can be unilateral or bilateral. But it is readily observable as a part of physical examination, and it is relatively easily remedied. (Audiologists should typically reschedule an exam to occur after the obstruction has been removed.)

· Inflammation or scarring of the eardrum tends to affect all frequencies similarly and it can be unilateral or bilateral. It too is readily observable as a part of physical examination.

· Fusion of the middle ear ossicles (otosclerosis) tends to affect all frequencies similarly, tends to be bilateral, and tends to run in families. 

· Noise damage to hearing tends to cause the greatest loss of hearing around 4,000 to 6,000 Hz (with less impairment at both lower and higher frequencies), and it can be unilateral or bilateral depending upon the history of noise exposure.

· Age related hearing loss (presbycusis) tends to affect hearing at the highest frequencies bilaterally.

Normal Balance and Symptoms/Signs of Balance Problems
The semicircular canals in the inner ear play a major role in balance. As a person’s head moves, the concomitant movement of fluids within the semicircular canals triggers the firing of nerves stimulated by hair cells that are somewhat similar to those involved in hearing. These signals are used as input to mechanisms for maintaining balance.
Damage or destruction of the hair cells in the semicircular canals can lead to clinical symptomatic balance problems. Symptoms of imbalance can be associated with symptoms of vertigo (dizziness due to a sensation of the room spinning or moving).

Generally there are no subclinical measurements of imbalance or vertigo. We instead rely solely on subjective reporting of symptoms from the patients.

Symptoms and Signs of Ototoxicity
Drug effects on the inner ear have been observed for a variety of drugs including some non-steroidal anti-inflammatory drugs (NSAIDs). The mechanisms for the ototoxicity are not always well understood, but it is generally believed to occur through drug circulating in the blood causing damage to the hair cells of the cochlea and semicircular canals. 
· It has been noted that most ototoxicity appears first as hearing loss at the highest sound frequencies, and then progresses to impair hearing at lower frequencies. However, there are some cases where hearing at lower frequencies is affected first. 
· Given the common exposure to an ototoxic drug through the blood, we would generally expect hearing loss to be bilateral, though there might be some slight variation between the right and left as the toxicity evolves.
Methods for monitoring ototoxicity include the assessment of the clinical symptoms of perceived hearing loss, tinnitus (a ringing sensation in the ears), balance problems, or vertigo (a dizziness due to a sensation of spinning or motion). During such monitoring, patients are asked at periodic intervals about clinical symptoms that they have experienced since their last visit. When there is particular interest in the possibility of ototoxicity, it is also common to include regular audiometric examinations to screen for subclinical effects that might be present at the time of each examination.
Note that in observational studies identification of patients who suffer from hearing loss is hampered somewhat by other causes of hearing loss (as described above), though the temporal relationship between starting a new therapy and a sudden change in audiometric measurements is suggestive of ototoxicity. Even in a randomized clinical trial, these same issues arise when it comes to identifying ototoxicity in individual patients, however, in the RCT setting differences between the treatment arms with respect to trends in hearing thresholds are more readily interpretable.

Assessing / Grading Severity  of Ototoxicity
Various scales for grading subclinical hearing loss have been devised especially in the setting of cancer chemotherapy. These scales differ somewhat for children and adults, and they are designed for detecting severe hearing loss. For instance, the National Cancer Institute (NCI) Common Terminology Criteria for Adverse Events (CTCAE), developed for use in chemotherapy trials, specifies grades of ototoxicity based on the expectation that drug toxicity should tend to affect adjacent frequencies and generally be bilateral, though specific hearing loss thresholds might be first detected in one ear. The following grading is specified by the CTCAE for adults:

Grade 1: Threshold shift or loss of 15-25 dB relative to baseline, averaged at two or more contiguous frequencies in at least one ear;

Grade 2: Threshold shift or loss of >25-90 dB, averaged at two contiguous test frequencies in at least one ear;

Grade 3: Hearing loss sufficient to indicate therapeutic intervention, including hearing aids (>25 dB, averaged at three contiguous test frequencies in at least one ear);

Grade 4: Pro​found bilateral hearing loss >90 dB hearing loss.

There is some controversy around the application of such a grading system that was devised for cancer treatment to a setting of chronic preventive strategies. It has been argued that lower levels of hearing loss observed during short term therapy might portend major problems if the drug is continued for prevention over a long period of time. Hence, in trials of long term therapies, it is not unusual for RCT investigators to adopt ad hoc grading schemes, such as those described below with the Data Description for the clinical symptoms of hearing loss, tinnitus, vertigo, and balance problems. Adjustments to the CTCAE criteria for audiometric changes could be adopted in such RCT.
The Randomized Phase 2b Clinical Trial
Volunteer patients meeting criteria for MCI at either of two clinical sites were randomized in a double blind fashion in a 1:1:1 ratio to receive experimental LG-03812 at doses of 0.50 mg/day or 0.25 mg/day or to receive a matching placebo. The planned duration of treatment was 12 months, after which time the primary effect of treatment on patients’ attention would be assessed using the digit symbol substitution test (DSST). Secondary outcomes included other measures of cognitive function, as well as measures of treatment safety including hearing thresholds.

Randomization was stratified by clinical site (Site 1 vs Site 2) and baseline measures of attention (DSST < 35 vs DSST > 35), using concealed permuted blocks of varying sizes (6 or 9 subjects in each block).

Prior to randomization (labeled week 0, though actually measured up to 90 days prior to being randomized), data was gathered on the patients’ baseline medical condition, current symptoms, hearing thresholds (audiology), and cognitive function.

During the conduct of the study, the protocol called for periodic measurements of

1. Adverse events (AEs): Patients were contacted at weeks 2, 4, 10, 13, 16, 22, 26, 30, 36, 39, 42, and 52 in order to collect data on any new symptoms (or worsened symptoms relative to baseline) experienced by the patients. Patients were specifically questioned about symptoms that were relatively common adverse toxic effects of drugs in general (e.g., gastrointestinal symptoms, rashes, neurological symptoms), as well as asked in an open-ended fashion to report any new symptoms of any kind. Reported symptoms were graded according to severity and frequency using a study-specific scale (No relevant data is included in the dataset for the adverse events, unless the patient stopped treatment due to occurrence of an AE.)
2. Physical Examinations: The protocol called for complete physical examination during clinic visits at weeks 26 and 52. (No relevant data is included in the dataset for any of these variables.)
3. Neuropsychological Testing: The protocol called for administration of a battery of neuropsychological tests during clinic visits at weeks 26 and 52. These included the DSST, which represented the primary efficacy endpoint of the RCT. (No relevant data is included in the dataset for these follow-up measures of efficacy.)
4. Audiology: The protocol initially called for all patients to have audiologic examinations at eight frequencies (250, 500, 1000, 2000, 3000, 4000, 5000, and 8000 Hz) in each ear (R and L) prior to randomization and at week 52, with more intense audiologic follow-up at weeks 4, 13, 26, and 39 for patients treated at Site 1. In response to reported findings from RCT of related drugs, the protocol was modified midway through the clinical trial to include the more intense monitoring of hearing thresholds at site 2, as well. Patients already under study at site 2 were asked to comply with the more intense audiologic monitoring, though not all were willing to make the more frequent audiology clinic visits (which were at a separate physical location for patients at Site 2).
5. Additional Safety Monitoring: Patients on the study were instructed to contact the clinical sites with any concerns about new symptoms, especially related to serious adverse events (SAEs) such as hospitalizations. In addition, the clinics would make additional contact with patients who reported severe symptoms in order to assess persistence or resolution of symptoms. This included both the reporting of general symptoms as well as additional audiologic examinations. Any such unscheduled monitoring data were denoted using the code ‘99’ for the visit number.
As with any ethical RCT, all subjects must provide sign an informed consent document that stresses the right of the subject to withdraw from the study at any time for any reason. Reasons that a patient might have withdrawn from this study include the inconvenience of the clinic visits and examinations associated with the study, required treatment for other medical problems that might make concurrent participation in a blinded study inadvisable, or adverse events that were so severe (and thought by the patient or the treating physician to be related to the treatment) that further treatment with the study drug was not desired. 
It is always preferable that all scheduled study measurements be obtained even when the subject is no longer taking the study medication, but scientific naivete among study investigators might cause them to encourage the patient to drop out of the study following discontinuation of treatment. Furthermore, study burden might make the subject unwilling to continue, even when the investigator properly encourages continued adherence to study visits.
Questions of Interest
1. Is there evidence that patients taking the experimental drug have audiometric measurements suggestive of a subclinical tendency toward a long term decreased ability to perceive sound in a pattern typical of drug ototoxicity (where “long term” is judged within the scope of the RCT)? 
2. Are there other patterns of hearing loss across frequencies and over time evident in the audiometric measurements from the RCT?
Description of the Data
The audiology data on 117 patients are provided in the file audio.csv, where individual variables are separated by commas.
audio.csv
This file contains the audiometry measurements made on RCT participants. Variable numbers of repeat observations were made on each subject in the trial, hence the file contains 491 rows of data, with each row pertaining to measurements made on a single patient on a single day for the variables measured post randomization. For convenience, the baseline variables Sex, Race, Age, DSST, Dose, and StartDate for each subject are repeated on each row, even though they pertain to the date of randomization. Similarly, variables StopDate and Reason are repeated on each row for a subject, even though they only pertain to the date that study treatment was stopped. The first row of the file is a header row, containing the names of the variables as described below.

Some patients missed scheduled audiometry visits, in which case there will be no row in the file with that visit number. There is some missing data (empty fields) in the file owing to the site sometimes making mistakes in collecting the data (in particular, confusion over the audiology protocol sometimes led to no sampling at 3000 and/or 5000 Hz). 

The available data includes the following named columns in the file:

· Subject: A subject identification number. Subjects with numbers between 1001 and 1048 were treated at Site 1, while numbers between 2001 and 2070 were treated at Site 2.

· Sex: ‘M’ if the subject is male, ‘F’ if female.
· Race: Subject race/ethnicity coded as ‘white’ for non-Hispanic whites, ‘black’ for non-Hispanic blacks, ‘asian’ for Asians or Pacific Islanders, ‘native’ for American Indians or Alaskan Natives, ‘hispanic’ for Hispanics of any race.
· Age: Subject age (years) at randomization.
· DSST: Subject score on the digit symbol substitution test at time of randomization
· Dose: Dose (mg/day) of LG-03812 randomly assigned to the subject 
· StartDate: Date (mm/dd/yyyy) of randomization and starting study drug for the subject.
· StopDate: Date (mm/dd/yyyy) that subject permanently discontinued use of the study drug.
· Reason
: Reason that the subject discontinued use of the study drug: ‘complete’ denotes completion of the study per protocol; ‘AE xxxxx’ denotes a subject terminating early due to an adverse event, with ‘xxxxx’ denoting the type of AE; ‘death COPD’ denotes a patient who died due to chronic obstructive pulmonary disease; ‘other medical’ denotes subjects whose other medical conditions  (e.g., elective surgery) led to discontinuation of the study drug; ‘inconvenient’ denotes patients who indicated that the study burden was too much for them to want to continue on the treatment; ‘moved’ indicates a patient who was moving away from the area in which their clinic was located; ‘lost to f/u’ denotes subjects who the clinic was unable to contact.
· Visit: The scheduled visit number per the protocol that the audiometry variables were measured. Unscheduled visits are denoted by 99.
· VisitDate: The actual date (mm/dd/yyyy) that the audiometry visit occurred. (Note that a given visit number for audiometry might not occur on the same date as the visit number of monitoring contact for adverse events.)
· R250: Subject’s hearing threshold (dB) for 250 Hz tones in the right ear on the visit date.
· R500: Subject’s hearing threshold (dB) for 500 Hz tones in the right ear on the visit date.
· R1000: Subject’s hearing threshold (dB) for 1000 Hz tones in the right ear on the visit date.
· R2000: Subject’s hearing threshold (dB) for 2000 Hz tones in the right ear on the visit date.
· R3000: Subject’s hearing threshold (dB) for 3000 Hz tones in the right ear on the visit date.
· R4000: Subject’s hearing threshold (dB) for 4000 Hz tones in the right ear on the visit date.
· R5000: Subject’s hearing threshold (dB) for 5000 Hz tones in the right ear on the visit date.
· R8000: Subject’s hearing threshold (dB) for 8000 Hz tones in the right ear on the visit date.
· L250: Subject’s hearing threshold (dB) for 250 Hz tones in the left ear on the visit date.
· L500: Subject’s hearing threshold (dB) for 500 Hz tones in the left ear on the visit date.
· L1000: Subject’s hearing threshold (dB) for 1000 Hz tones in the left ear on the visit date.
· L2000: Subject’s hearing threshold (dB) for 2000 Hz tones in the left ear on the visit date.
· L3000: Subject’s hearing threshold (dB) for 3000 Hz tones in the left ear on the visit date.
· L4000: Subject’s hearing threshold (dB) for 4000 Hz tones in the left ear on the visit date.
· L5000: Subject’s hearing threshold (dB) for 5000 Hz tones in the left ear on the visit date.
· L8000: Subject’s hearing threshold (dB) for 8000 Hz tones in the left ear on the visit date.
R Data Management 
The data files can be read into R using a command something like

audio <- read.csv (“pathname/audio.csv”,
                   header=T, stringsAsFactors=F)

The data files contain several dates in MM/DD/YYYY format. These can be converted to Date objects in R using a command something like

audio$StartDate <- as.Date(audio$StartDate, format=”%m/%d/%Y”)

audio$StopDate <- as.Date(audio$StopDate, format=”%m/%d/%Y”)

The length of treatment in days could then be computed from the two Date objects in R using a command something like

LengthTreatment <- audio$StopDate – audio$StartDate

Stata Data Management 

The data files can be read into Stata using a command something like

insheet using “pathname/audio.csv”
The data files contain several dates in MM/DD/YYYY format. These can be converted to julian dates in Stata using a command something like

g intStartDate = date(startdate, “MDY”)

g intStopDate = date(stopdate, “MDY”)

The length of treatment in days could then be computed from the two Date objects in R using a command something like

g LengthTreatment = intStopDate - intStartDate 

