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Introduction
In this document we describe an analysis plan for a study on the effects of informative letters that were sent to high prescribers of Seroquel in Medicare Part D.[footnoteRef:1] At the time of writing, we have seen only the original pre-intervention prescribing data (used to create initial letters to prescribers) and total 2015 prescribing data (used to create followup letters to prescribers).[footnoteRef:2] We may perform additional analyses in the course of the study; when analyses were not pre-specified in this document we will make note of that fact. [1:  In this document, when we refer to Seroquel we also include Seroquel XR and generic quetiapine.]  [2:  The 2015 data was presented as one unsorted table depicting all prescribers in the study; the researchers have not compared any sample moments of the data between treatment and control groups.] 

The intervention involved one placebo letter for the control group and an initial letter and 3 followup letters for the treatment group. The goal of this study is to understand the effects of the letters on both prescribers and patients. The primary outcome of the study is the effect of the letters on the prescribing of Seroquel over the 9 months following the initial sending of the letters. Prescribing is defined as the total “days supply” of Seroquel attributed to the prescriber (defined as Seroquel, Seroquel XR, and generic quetiapine), expressed in “30-day equivalents” i.e. divided by 30. When a patient filled multiple Seroquel prescriptions from one prescriber on the same day, we count the prescription with the greatest “days supply”.
We consider additional outcomes as well. Through these additional analyses, we hope to understand the totality of the effects of the letters. Additional analysis for prescribers includes explorations of effects on new vs. old prescriptions, effects on the types of patients receiving prescriptions, effect heterogeneity, quantile treatment effects, and substitution toward other substances. We also conduct analyses looking at a cohort of patients who were treated by the prescribers prior to the sending of the letters. We will assign these patients to treatment and control groups based on whether their attributed prescriber was a treatment or control prescriber and study the receipt of controlled substances by patients, heterogeneity in treatment effects, substitution toward other substances, and health outcomes.
We observe the behavior of prescribers and outcomes of patients through our access to the CMS Integrated Data Repository (IDR), the database used by Medicare and its program integrity contractors to detect and stop fraud, waste, and abuse. The IDR includes beneficiary enrollment information, Medicare Part A and B claims, Medicare Part C encounter data, and Medicare Part D prescription drug events.
Due to limits on the quantity of data we can request from the IDR, some analyses are pre-specified as optional. Optional analyses are italicized in this document.
[bookmark: _Ref283394297]Identification of Prescribers and Randomization
See study protocol document.
Overview
In this section we provide background on how we will specify the regressions in the paper. We also discuss the sets of controls that will be used in each analysis as well as the time horizons at which the outcomes will be defined. 
Form of regressions
The physician level regressions will be of the form:

Where i indexes physicians, yi is the outcome (e.g. number of prescriptions), treati is an indicator for physician i being in the treatment group, and Xi is the set of physician controls. , the effect of the treatment on the outcome, is the coefficient of interest.
The patient level regressions will be of the form:

Where j indexes patients, i(j) is patient j’s physician, yj is the outcome (e.g. prescriptions filled by the patient), treati(j) is an indicator for the patient’s physician being in the treatment group, Xi is the set of controls for characteristics of the patient’s physician, and Zj is the set of controls for characteristics about the patient. , the effect of the treatment on the outcome, is the coefficient of interest.
Standard errors will be clustered at the level of the physician in all regressions.
[bookmark: _Ref273726717]Controls
Since the treatment was randomized without stratification, the regressions will produce valid estimates of the coefficients of interest even without controls. However, controls can raise power by reducing the variance of the error term. 
We will use three sets of controls. The baseline specification (reported in main tables) will be the one with the richest set of controls.
No controls 
One specification will include no controls at all.
Lagged outcome controls
This specification will control for the lagged measure of the outcome (before the letters were sent.) In the patient level specifications, we will include the lagged value of the physician outcome as well, when possible.
Lagged outcome controls + additional controls
We will include additional controls about the prescriber, potentially including the values that were used to classify the prescriber as an outlier in the report, the prescriber’s specialty, information from the Fraud Investigation Database (FID), information on whether Health Integrity had previously investigated the prescriber, and lags of other outcome variables. 
In patient-level specifications we will, in addition, include more controls about the patient. These controls may include e.g. interactions with 5-year age categories (with the last age category being 90+), race, and sex; prior utilization of prescription drugs and other health services; and claims-based indicators that suggest prescription drug abuse (e.g. Parente et al 2004).
We will choose the set of controls by analyzing the explanatory power of the variables listed above and potentially other medically and economically relevant variables. To assess explanatory power we will run regressions looking only at the control group prescribers and compare the adjusted R2 of different combinations of candidate control variables.
[bookmark: _Ref430857893]Time Horizon
We are interested in the evolution of the effects of the letters. To that end, all regressions in this document will be performed with the outcome defined at the following time horizons (starting from the day after the letters were first sent, 4/21/2015): 
· 1 month
· 3 months 
· 6 months 
· 9 months 
· 1 year
· Optional: 15 months
· Optional: 18 months
We will also look at outcomes in the time periods before/after each letter was sent to look for suggestive evidence of incremental effects of the followup letters:
· After initial letter to first followup letter
· After first followup letter to 1 year
· Between first followup and second followup
· After second followup to 9 months
Effect of letters on prescribers
[bookmark: _Ref274337653]Total Seroquel prescribing
Our first analysis will look at the effect of the letter on overall Seroquel prescribing behavior. The primary outcome of the study will be total 30-day equivalent treatments at the 9 month horizon. A Seroquel treatment is defined as all the prescription drug events for a given patient and prescriber on a given day (i.e. multiple fills are rolled up into one). Its 30-day equivalent is the greatest “days supply” listed on the day’s fills, divided by 30. We will study this measure at the other horizons listed in Section 3.3, and these results will become secondary outcomes.
In addition, we will look at the following measures for Seroquel as secondary outcomes:
· Total mg dispensed
· Total prescriptions filled, without rolling up multiple fills on the same day (known as prescription drug events or PDE)
· Total 30-day equivalent PDE, or the sum of all days supply on the fills divided by 30, without rolling up multiple fills on the same day
· Total Part D payments for prescriptions
New vs. Continuing Prescribing
Seroquel prescriptions may have refills, allowing patients to continue receiving the drug even if their physician has begun limiting prescribing. We will therefore look at whether we can detect effects on new vs. continuing prescriptions by studying the following prescriptions using the outcome measures of Section 4.1:
· Initial Seroquel fills, lookback-based definition (i.e. the first fill for a patient attributed to that prescriber, after at least a year of no fills for that patient attributed to the prescriber)
· Initial Seroquel fills, fill field definition (the first fill for a patient based on the “fill number” on the PDE)
· Continuing Seroquel fills, lookback-based definition (i.e. Seroquel fills that are not initial fills by the lookback-based definition)
· Continuing Seroquel fills, fill field definition (i.e. second or greater fill on the prescription based on the “fill number” on the PDE)
Type of Patient Receiving Prescriptions
[bookmark: _Ref430275676]Prescribing to Observably Appropriate vs. Questionable Candidates
There is increasing concern among policymakers that many recipients of Seroquel are questionable candidates for the drug.[footnoteRef:3] Thus we will test whether prescribers respond to the letters by reducing prescribing to patients who appear to be poor (or, perhaps, good) candidates for the drug. [3:  See e.g. U.S. Government Accountability Office. Antipsychotic Drug Use: HHS Has Initiatives to Reduce Use among Older Adults in Nursing Homes, but Should Expand Efforts to Other Settings. 2015. Technical Report GAO-15-211.] 

We will split patients into relatively appropriate and questionable candidates for Seroquel using claims-based indicators like whether the patient resides in a nursing home, has a history of dementia, has a history of psychiatric disorders, etc. We will then look at the outcome measures of Section 4.1 separately for the observably appropriate and questionable patients.
Effect on Characteristics of Average Patient
We will also test how the letters affect the characteristics of the average patient who receives Seroquel from the prescriber. For each prescriber, we will take the Seroquel 30-day equivalent PDT weighted average across her patients of characteristics that are relevant to the appropriateness of Seroquel. We will use these averages as left-hand side measures in the regressions. The characteristics will be:
· Patient age
· Patient resides in a nursing home
· Patient has prior diagnosis of dementia
· Patient has prior diagnosis of psychiatric disorder
· Optional: patient has prior hospitalization or ED visit for psychiatric disorder
Heterogeneous effects
We will test for heterogeneous effects across several physician categories, which we now describe: 
By previous fraud investigation
The letters may have a different effect depending on whether the doctor was already investigated for fraud. To test whether this is the case, we split the sample of physicians into those who were previously investigated for fraud before the letters were sent out vs. those who were not investigated.
We will define fraud investigation on the basis of information in the FID as well as the Health Integrity Tracking System (HITS) database, the Compromised Numbers Database, and the Fraud Prevention System (FPS).
By volume of prescribing
The letters may affect physicians at different points in the prescribing distribution differently. To test this, we split the physicians into two groups (above median and below median) based on their total 30-day equivalent treatments of Seroquel before the letters were sent.
Optional: By risk-adjusted volume of prescribing
The CMS method does no risk adjustment, so physicians may be outliers because they are inappropriate prescribers or because they have high patient volume or very sick patients. We will risk-adjust the prescriber’s 30-day equivalent treatments of Seroquel using his/her patients’ characteristics. Then we will divide the prescribers into groups (above median and below median) based on their risk-adjusted volume.
Optional: Effects on treatment volume and revenue
We will look at the following outcomes to test for whether the letters affect the prescriber’s overall volume and revenue:
· Total 30-day equivalent prescriptions
· Total PDE
· Total Part D payments
· Total number of patient visits (e.g. E&M codes)
· Total number of unique patients
· Total revenue for treating patients
Effects on distribution of Seroquel prescribing
The effects of the letters on the distribution of prescribing behavior are also of interest. To analyze quantile treatment effects, we will run quantile regressions looking at the outcomes in section 4.1. We will look at the following quantiles: 
· p10 
· p25 
· p50 
· p75 
· p90
[bookmark: _Ref273730900]Substitution toward other drugs
Physicians are told that their Seroquel prescribing is being monitored, which may induce them to substitute their prescriptions toward other substances with related indications. To test for substitution, we will look at the 30-day equivalent prescription of the following substitutes: 
· Other atypical antipsychotics
· First generation antipsychotics 
Prescribers may also re-evaluate their use of Seroquel for controversial indications like dementia and substitute to other drugs that can treat dementia symptoms. We therefore look at 30-day equivalent prescription of the following drugs:
· Benzodiazepines indicated for insomnia
· Benzodiazepines not indicated for insomnia
· Non-benzodiazepine insomnia drugs
· Antidepressants
Optional: Audits and behavior related to evading punishment	Comment by Adam Sacarny: Drop this?
The prescriber may react to the letter by changing her behavior in order to avoid an audit or other punishment. We will test whether the letter has the effect of reducing the probability of an audit or punishment by exploring outcomes relating to fraud detection and investigation in our data. Some examples include:
· Receipt of an audit by Health Integrity (e.g. the HITS database)
· Receipt of an investigation in the Fraud Investigation Database (FID)
· Being flagged in the Compromised Numbers Database (CNC)
· Being identified as potentially fraudulent by the National Fraud Prevention System (NFPS)
· Revocation of provider from PECOS (e.g. provider is disenrolled from Medicare)
Finally, prescribers may attempt to evade detection by removing themselves from the Medicare system entirely. We will explore outcomes related to leaving the system including, for example:
· Indicators for having no patient visits and/or prescription drug events
· Indicator for having deregistered from PECOS, the Medicare enrollment database
Optional: Analysis of prescribing generic vs. brand name
We will look at the 30-day equivalent treatments and total Part D payments for the following:
· Generic quetiapine
· Brand name Seroquel or Seroquel XR
Effect of letters on patients
We will explore whether the letters induce patients to change their drug use and other behaviors. To do so we will construct a baseline cohort of patients and track the evolution of their behavior after their physicians receive the letters. 
Definition of patient cohort
In a patient-level regression, it is important that we analyze a set of beneficiaries defined based on pre-letter criteria. This is because the letter may change the composition of a prescriber’s patients — a contemporaneously defined set of patients could differ in unobservables between treatment and control. 
We will define patient cohorts using two approaches:
· Patients who received an evaluation and management (E&M) service from the provider in the year prior to the mailing of the letter
· Patients who had a Seroquel fill from the provider in the year prior to the mailing of the letter
Some patients may be traced to multiple physicians in the sample. In this case the patient will enter the regression multiple times, each instance being attributed to a different physician. In case of this overlap, physicians that are connected by common patients will be part of the same cluster when calculating clustered standard errors.
[bookmark: _Ref274425182][bookmark: _Ref283040480]Patient receipt of Seroquel
A key question is whether targeting outlier prescribers reduces the receipt of Seroquel by patients – or whether patients find new physicians to supply them with the drugs. To this end, we will analyze the overall receipt of these substances by patients, then break receipt down into the component from the targeted physician and the component from other physicians.
We will put the following patient-level outcomes on the left-hand side:
· Total 30-day equivalent Seroquel treatments
· Total mg of Seroquel dispensed
· Total 30-day equivalent Seroquel PDE
We will look at these outcomes (1) overall, then defined separately based on prescriptions from (2) the prescriber to which the patient was attributed, (3) all prescribers excluding the one to which the patient was attributed, and (4) all psychiatric specialization prescribers.
In the remaining subsections in this section, the outcomes studied will be the bulleted ones above, counting all prescribers (i.e. approach 1).
Effects on distribution of patient receipt of Seroquel
The effect of the letters on the distribution of patient receipt of Seroquel is also of interest. To analyze quantile treatment effects, we will run quantile regressions looking at the prescribing outcomes. We will look at the following quantiles: 
· p10 
· p25 
· p50 
· p75 
· p90
Heterogeneous effects
[bookmark: _Ref273729997]If the letters are causing reductions in the receipt of controlled substances, it would be interesting to see if the reductions were concentrated in certain types of patients. We will examine heterogeneity in effects across a number of different patient groups: 
Optional: By risk for controlled substance abuse
We call on a measure of risk for controlled substance abuse from Parente et al (2004). The paper constructs claims-based markers called CS-PURE that are predictive of such abuse. They propose 10 such markers. We will calculate them using beneficiary claims prior to the letters being sent. Then we will divide the patients into groups based on the number of CS-PURE markers that were triggered.
The regressions will show whether the effect of the letter is stronger (or weaker) for patients who seem more at risk of controlled substance abuse (as proxied by having more CS-PURE markers).
By prior use of Seroquel
For all patients in the sample, we calculate their prior utilization of Seroquel. Then we divide patients into groups based on that utilization and consider treatment effect heterogeneity across groups. This will show us whether the letters have different effects depending on whether the patient was a high or low user of controlled substances.
One concern with this specification is that if the sample includes low and high prescribing doctors (because some doctors reformed prior to letter receipt), being a low using patient may just proxy for being a patient of a low prescribing doctor. To address this, we can include physician fixed effects in the specification.
By appropriateness for Seroquel prescription
We will split patients into groups based on their observable appropriateness for Seroquel (see Section 4.3.1) and consider whether the effect of the letter differed by group.
By share of substances the patient got from prescriber
We will explore whether the effects are different for patients who were getting Seroquel from other doctors. These patients may be more able to evade any effect of the letter on the targeted doctor.
For each patient, we calculate the percent of her Seroquel in the prior year that she received from the physician in question. Then we calculate groups based on this share (we may, for example, use two groups: 100% from the physician in question and <100%).
We will consider including physician fixed effects in this specification so that the results are “within” patients attributed to the same prescriber.
Substitution toward other drugs
If patients are induced to consume less Seroquel, they may substitute toward other drugs. The substitution outcomes we will study are those listed in section 4.7.
Health outcomes
We will also consider whether the letters have an effect on patients’ health outcomes. Depending on which types of patients are affected by the letters, the marginal Seroquel prescription could be used for drug abuse or for legitimate treatment of psychiatric disorders. The effects on health outcomes are thus ambiguous.
We will consider a variety of outcomes related to mental health:
· Any ED encounter
· ED encounter for a drug overdose
· ED encounter for mental health reasons
· Any inpatient stay (including at an inpatient rehabilitation facility)
· Inpatient stay for a drug overdose
· Inpatient stay for mental health reasons
· Receipt of outpatient mental health services (e.g. therapy and counseling)
· Death
We will also explore using the letter as an instrument for Seroquel use to establish a causal effect of reduced prescription of antipsychotics on health outcomes.
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APPENDIX
1. Poisson Regression Specification
We may consider Poisson regressions because we are often interested in percent changes in outcomes due to the letter. The Poisson regression will let us produce these statistics even if the outcome is sometimes zero.
The regressions will assume that the physician-level outcome takes the form:

And they will assume that the patient-level outcome takes the form:
[bookmark: _GoBack]
The coefficient of interest in the Poisson regressions is . This coefficient can be interpreted as the percent change in y due to the letter, analogous to an OLS regression with ln(y) on the left-hand side.
