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Abstract

Background

Non-interventional post-marketing studies (NIPMSs) sponsored by pharmaceutical compa-

nies are controversial because, while they are theoretically useful instruments for pharma-

covigilance, some authors have hypothesized that they are merely marketing instruments

used to influence physicians’ prescription behavior. So far, it has not been shown, to our

knowledge, whether NIPMSs actually do have an influence on prescription behavior. The

objective of this study was therefore to investigate whether physicians’ participation in

NIPMSs initiated by pharmaceutical companies has an impact on their prescription behav-

ior. In addition, we wanted to analyze whether specific characteristics of NIPMSs have a dif-

fering impact on prescription behavior.

Methods and findings

In a retrospective 2-armed cohort study, the prescription behavior of 6,996 German physi-

cians, of which 2,354 had participated in at least 1 of 24 NIPMSs and 4,642 were controls,

was analyzed. Data were acquired between 6 October 2016 and 8 June 2018. Controls

were matched by overall prescription volume and number of prescriptions of the drug stud-

ied in the NIPMS in the year prior to the NIPMS. Primary outcome was the relative rate of

prescriptions of the drug studied in the NIPMS by participating physicians compared to con-

trols during the NIPMS and the following year. Secondary outcomes were the proportion of

prescriptions of the studied drug compared to alternative drugs used for the same indication,

the revenue generated by these prescriptions, and the association between the marketing

characteristics of the NIPMS and prescription habits. Of the 24 NIPMSs, the 2 largest drug

groups studied were antineoplastic and immunomodulatory agents (7/24, 29.2%) and

PLOS MEDICINE

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1003151 June 26, 2020 1 / 16

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Koch C, Schleeff J, Techen F,
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agents for the nervous system (4/24, 16.7%). Physicians participating in an NIPMS pre-

scribed more of the studied drug during and in the year after the NIPMS, at a relative rate of

1.08 (95% CI 1.07–1.10; p < 0.001) and 1.07 (95% CI 1.05–1.09); p < 0.001), respectively.

Participating physicians were more likely than controls to prescribe one of the studied drugs

rather than alternative drugs used for the same indication (odds ratio 1.04; 95% CI 1.03–

1.05). None of the marketing characteristics studied were significantly associated with pre-

scription practices. The main limitation was the difficulty in controlling for confounders due to

privacy laws, with a resulting lack of information regarding the included physicians, which

was mainly addressed by the matching process.

Conclusions

Physicians participating in NIPMSs prescribe more of the investigated drug than matching

controls. This result calls the alleged non-interventional character of NIPMSs into question

and should lead to stricter regulation of NIPMSs.

Author summary

Why was this study done?

• After drugs are authorized, non-interventional post-marketing studies (NIPMSs) are

initiated to study rare side effects or other aspects of the drug that may have been missed

during the authorization trials.

• Previous studies have shown that NIPMSs, while conducted regularly, often lack scien-

tific rigor, rarely lead to relevant results, and are rarely published.

• Some authors have therefore hypothesized that NIPMSs primarily serve marketing pur-

poses for pharmaceutical manufacturers by familiarizing physicians with new drugs.

• So far, it is unclear whether NIPMSs actually do have an impact on physicians’ prescrib-

ing behavior.

What did the researchers do and find?

• We conducted a study in Germany comparing the prescription behavior of 2,354 physi-

cians who had participated in at least 1 of 24 NIPMSs and 4,642 comparable physicians

who had not participated in such studies.

• We found that physicians participating in an NIPMS prescribed 6%–8% more of the

drug studied in the NIPMS than comparable physicians during the NIPMS and the year

after.

• We also looked at certain characteristics of the NIPMSs to see whether they predicted

the impact on prescription behavior, but found no characteristics that were associated

with the impact.
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What do these findings mean?

• NIPMSs seem to have an impact on physicians’ prescribing behavior despite their “non-

interventional” nature.

• Up to this point, NIPMSs have been only very loosely regulated because it was assumed

that they have a low potential to cause harm. However, with the possibility that physi-

cians prescribe differently due to their participation in an NIPMS, which may or may be

detrimental to patients, only NIPMSs that are designed to collect essential data should

be permitted.

Introduction

Non-interventional post-marketing studies (NIPMSs) funded by the pharmaceutical industry

have been the subject of controversial debate. In principle, their purpose is to provide data on

the real-world safety and/or effectiveness of recently authorized drugs by studying them with a

larger and less highly selected patient population than is usual in authorization trials [1,2].

Some NIPMSs are imposed by regulatory agencies, for example to assess a safety risk of a

medicinal product or to evaluate the effectiveness of risk management measures [3]. However,

some authors have hypothesized that many NIPMSs primarily serve marketing purposes for

pharmaceutical manufacturers by familiarizing physicians with a newly authorized drug as

well as offering an incentive to prescribe the drug [1,4–7].

A recent study of German NIPMSs by Spelsberg et al. showed that they rarely serve to

improve drug safety because their sample sizes are usually too small to allow for the detection

of rare adverse events [8]. Other studies have also pointed in this direction by showing that

NIPMSs usually lack scientific quality [4,5,9]. In addition, Spelsberg and colleagues raised the

concern that strict confidentiality clauses in combination with the high remuneration for par-

ticipation in NIPMSs could actually serve to discourage physicians from reporting adverse

events [8]. NIPMSs are also published extremely rarely, even though they are conducted regu-

larly, which makes it even less likely that they will lead to safer prescription practices, even if

relevant data are generated [8,10–12]. Another concern is the effect the participation in

NIPMSs could have on physician prescription practices. Physicians’ participation in an

NIPMS usually consists of enrolling patients who are prescribed a certain drug in an NIPMS

and gathering data on the enrolled patients regarding parameters such as adverse events or

efficacy. For the enrollment of each patient, physicians are remunerated with a certain fee. By

remunerating physicians for the inclusion of a patient who is prescribed a certain drug,

NIPMSs offer an incentive for the prescription of this drug, possibly affecting prescription

practices.

Although several authors have argued that NIPMSs mainly serve the marketing purposes of

the pharmaceutical industry, it has not yet been demonstrated, to our knowledge, that the pre-

scription behavior of physicians indeed changes during or after participation in an NIPMS;

such an effect has only been demonstrated for interventional studies [13–15]. However, if this

were the case, it would be an important reason to increase regulation of such studies. Cur-

rently, NIPMSs do not need to be registered in the US; in Germany, they need to be registered,

but they do not need to be authorized by a higher federal authority, as interventional clinical

trials need to be [16]. Concerns that such studies may not only be less useful than they are
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made out to be, but may in addition have deleterious effects on physicians’ reporting of adverse

events and their prescription practices should lead to stricter scrutiny of such studies before

they are initiated.

The objective of the current study was thus primarily to investigate whether participation in

NIPMSs impacts the participating physicians’ prescription practices. In addition, we wanted to

analyze whether such a possible change results in more expensive prescriptions by leading to a

shift in prescriptions toward more expensive drugs when there are less expensive alternative

drugs used for the same indication. Lastly, we wanted to investigate whether certain character-

istics of NIPMSs are useful to predict the impact on the participating physicians’ prescription

behavior.

Methods

Ethics review

In a previous study [9], we gathered data on NIPMSs at the National Association of Statutory

Health Insurance Funds (GKV-Spitzenverband), of which some data were used in the current

study. The local ethics committee of the Landesärztekammer Rheinland-Pfalz decided that it

was not necessary to conduct an ethics review for this previous study. To gain access to the pre-

scription data of physicians participating in NIPMSs as well as controls, we submitted a

request to the German Federal Ministry of Health that the National Association of Statutory

Health Insurance Funds as well as a specific German statutory health provider (the Innung-

skrankenkasse) be allowed to provide us with the respective data. This request was the basis for

the planning of the study (see S1 File). After this request was granted, we again consulted with

the local ethics committee, which again decided that it was not necessary to conduct an ethics

review for the current study.

Study design

In a retrospective 2-armed cohort study, we compared the prescription practices of physicians

who had participated in an NIPMS with those of matched controls who had not participated

in an NIPMS. After identifying eligible NIPMSs, participating physicians were identified and

matched 1:2 to control physicians, resulting in a “matching group” (see Table 1 for eligibility

criteria). Prescription data regarding overall prescription volume (i.e., number of packages of

all drugs prescribed by a physician) as well as prescriptions of the drug studied in the NIPMS

and alternative drugs were acquired for the year before the NIPMS (t0), during the NIPMS

(t1), and the following year (t2) (see S1 Appendix for definition of “alternative drug”). Differ-

ences in prescription volume during and after the study regarding the studied drugs as well as

alternative drugs were used to assess the impact of participation in an NIPMS on prescription

practices. In addition, we collected data on the following NIPMS characteristics, which could

potentially be indicators of NIPMSs being conducted for marketing purposes: inappropriate

remuneration, the medication having been on the market too long, low scientific quality, low

formal quality, negligible effort required of physician, missing report regarding the results of

the NIPMS, and presence of a secrecy clause in the contract for participating physicians (see

S4 Appendix and [9] for further details). These indicators were summarized in a “marketing

score” as described in our previous publication, where a higher score indicates a higher likeli-

hood of the NIPMS having been initiated for marketing purposes (see S4 Appendix and [9]).

Associations between these characteristics and prescription volume were used to assess

whether NIPMSs found to be more likely to have been initiated for marketing reasons had a

higher impact on prescription practices.
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NIPMSs

We considered NIPMSs to be eligible for our study when certain criteria were met that allowed

for an assessment of the prescription practices of the physicians between 1 year before and 1

year after the NIPMS. Criteria that enabled these analyses and reasons are given in Table 1.

All physicians participating in one of the eligible NIPMSs who could be identified using the

data at the National Association of Statutory Health Insurance Funds and our validation pro-

cess (see below) and had prescribed a minimum amount overall (to ensure they were still prac-

ticing) as well as a minimum amount of the drug studied in the NIPMS were included in the

study. We matched 2 controls to each of these physicians using the number of overall prescrip-

tions (in packages) as well as the number of defined daily doses (DDDs) of the studied drug

and alternative drugs in the year before the NIPMS began (t0). Due to data privacy laws in

Germany, other factors such as physician age, gender, location, and specialization could not be

considered for matching. Physicians participating in several different NIPMSs were matched

to different controls for each NIPMS (see S2 Appendix for exact process). Two controls were

chosen for each case, as opposed to more or fewer, to balance the increase in statistical power

through the number of controls with the matching quality given the limited pool of good

matches for each case [17,18].

Data sources and setting

Data regarding the NIPMSs as well as participating physicians were identified from notifica-

tions submitted to the National Association of Statutory Health Insurance Funds regarding

NIPMSs. In Germany, companies planning such a study need to notify 3 different authorities

before its initiation, among others the National Association of Statutory Health Insurance

Funds. The notification needs to include location, beginning and end dates, and the objective

Table 1. Inclusion criteria for NIPMSs.

Inclusion criteria for NIPMSs Reason

Began after 31 December 2012 To allow for analysis 1 year prior to the beginning of the

NIPMS (t0), as prescription data at the National

Association of Statutory Health Insurance Funds were only

available beginning in January 2012

Ended after 31 December 2013 Change in regulations affecting all studies ending after this

date that allowed for tracking prescription practices

Ended before 1 July 2015 To allow for a follow up of 1 year (t2) immediately after the

end of the NIPMS, while ending before the commencement

of our data collection

Observed medicinal product or drug is covered by

statutory health insurance

Otherwise, notification to the National Association of

Statutory Health Insurance Funds is not required regarding

participating physicians

Observed medicinal product or drug is subject to a

prescription by a physician and dispensed by a

pharmacy

Otherwise, no prescription data are available

Study is prospective Retrospective studies are not expected to affect prescription

practices

Observed medicinal product or drug was approved at

least 6 months before the beginning of the NIPMS

Otherwise, prescription data before the study would not

represent the physicians’ prescription habits accurately

Study was conducted among physicians in private

practice (rather than physicians employed in

hospitals)

Prescription data are only available for physicians in private

practice

NIPMS, non-interventional post-marketing study.

https://doi.org/10.1371/journal.pmed.1003151.t001
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of the study as well as a list of participating physicians (by name and by LANR, a unique ID

number permanently assigned to each physician) and a study plan. In addition, for studies

observing a drug or medicinal product that is covered by statutory health insurance, compa-

nies need to provide information regarding type and amount of remuneration received by the

participating physicians as well as a sample contract between the company and the physicians.

The amount of remuneration needs to be justified by the effort required by the physician, and

this justification must be described by the company in the notification. Data regarding the

characteristics of the studies as well as the identifying data on physicians were gathered

between 6 October 2016 and 9 January 2018. Because notifications were often incomplete or

faulty regarding the identifying information on physicians, we conducted a validation by com-

paring the acquired data with a directory at the Innungskrankenkasse containing all practicing

physicians in Germany. This validation process took place between 22 and 26 January 2018.

See S3 Appendix for a precise description of this process.

Prescription data were acquired using data from the GKV-Arzneimittelschnellinformation

(GAmSi) project, which consists of data reported to the National Association of Statutory

Health Insurance Funds by pharmacies regarding filled prescriptions for patients with statu-

tory health insurance (in 2018, 87% of German citizens were insured by one of the statutory

health insurance providers [19]). For each physician, we acquired data regarding the drug

studied in the NIPMS they participated in or were matched to as controls, as well as alternative

drugs and overall number of prescriptions before, during, and after the NIPMS. Prescription

data were enriched with the official version of the German Anatomical Therapeutic Chemical

(ATC) classification and DDD published by the Wissenschaftliches Institut der AOK (WIdO,

Version 49, 201803) [20]. Matching and acquiring the prescription data took place between 27

January and 8 June 2018.

Outcome measures

The primary outcome was the relative rate of prescriptions of the drug studied in the NIPMS

by participating physicians compared to their respective controls during the NIPMS and the

year after.

Secondary outcomes were the proportion of prescriptions of the drug under study com-

pared to alternative drugs, as well as the revenue generated by these prescriptions. In addition,

the association between the marketing characteristics of the NIPMS and prescription habits

was a secondary outcome.

Bias

We used directed acyclic graph modeling to identify the minimal sufficient adjustment set of

covariates in the regression model to achieve unbiased estimation of the putative causal effect

of participation in an NIPMS on prescription volume at t1 [21]. If confounders have a direct

effect on the exposure, but only an indirect effect on the outcome via prescription volume at

t0, then matching on prescription volume at t0 is sufficient for unbiased estimation (see S1 Fig

for the directed acyclic graph model). Other confounders could only introduce bias through a

direct effect on prescription volume at t1. Such a confounder would have to act differently on

prescription volume at t1 compared to its effect on prescription volume at t0. This would seem

to be implausible for candidate confounders such as age, gender, and specialization of physi-

cians that could not be considered due to data privacy laws in Germany.

To account for confounding by physician prescription habits (in general as well as of the

drug studied in the NIPMS) before entering into the NIPMS, we used prescription metrics as

matching parameters. We assumed prior prescription behavior for the studied drug to be a
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good indicator of the previous interest of the physicians in the studied drug. In addition, in the

statistical analysis, results were adjusted for prescription practices before entering the NIPMS

as well as for total prescription volume during and after the NIPMS.

Sample size

Because there are no prior studies to our knowledge of changes in prescription practices due

to NIPMSs, we had no plausible effect size estimate, and were therefore not able to calculate a

target sample size. We thus aimed to include all studies within the time frame with available

prescription data that matched our inclusion criteria.

Statistical methods

Matching groups without a participating physician and without at least 1 control were

excluded from data analysis. Mean number of package prescriptions and DDDs were first cal-

culated within each NIPMS, and then averaged across NIPMSs, weighted by the number of

contributing matching groups within each NIPMS. Matching-group-wise differences were

first averaged within each NIPMS, and then averaged across NIPMSs, weighted by the number

of contributing matching groups within each NIPMS. The weighting scheme was used to

ensure that more reliable estimates based on NIPMSs with more matching groups had more

influence than more uncertain estimates based on NIPMSs with fewer matching groups.

Conditional Poisson regression was used to assess the relative rate of prescriptions for the

studied drug in participating physicians versus their respective controls [22]. Coefficients for

matching groups were treated as nuisance variables and were eliminated. To account for possi-

ble overdispersion, a quasi-Poisson approach was chosen. The log number of days of the

NIPMS was used as offset. Regression models for t0 were adjusted for the total number of pre-

scriptions during t0. Regression models for t1 and t2 were adjusted for the number of prescrip-

tions for the studied drug during t0, and for the total number of prescriptions during t1 and

t2, respectively.

Mixed binomial logistic regression was used to assess a shift in the proportion of prescrip-

tions of studied drugs relative to alternative drugs used for the same indication in participating

physicians versus controls. The model included a random intercept effect for matching group

and allowed for 0 inflation since a relevant number of matching groups had 0 prescriptions for

the drug under study. This analysis was only carried out for t1, in the interest of parsimony.

Logistic regression using generalized estimating equations was used to assess the association

of marketing indicators with the probability that a participating physician prescribed more of

the drug under study than the average of the corresponding controls. Clusters were defined by

NIPMS, with the assumption of compound symmetry for the correlation structure.

p-Values less than 0.05 were considered statistically significant. Data were analyzed using

the R environment for statistical computing version 3.5.2 with packages gnm, brms, and gee-

pack [23–26].

Sensitivity analyses

In general, we assumed that physicians had participated in an NIPMS for the entirety of the

study, even though it is likely that some physicians were recruited for participation after the

NIPMS had begun or stopped participating before it was officially terminated. For a subset of

physicians, a more precise time frame of participation could be inferred; this was the case

when NIPMS sponsors regularly reported on the participating physicians, and it was possible

to determine when a specific physician first entered the study and when they stopped partici-

pating. Sensitivity analyses were conducted for this subset of physicians. In addition, sensitivity
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analyses were conducted that included only the drug manufactured by the sponsor of the

study, as generics were available for some of the drugs studied in the NIPMSs.

Results

Study population

Of a total of 95 registered NIPMSs that began and ended in the predefined time frame, 24

matched our inclusion criteria, and 2,354 physicians that had participated in those NIPMSs

could be analyzed (See S1 Fig and S2 Table for information on exclusion of physicians and

NIPMSs, respectively). The mean duration of NIPMSs was 500 days (SD 181 days). The mean

marketing score was 2.4 (SD 1.5; range 0–5, maximum possible value 7.5) (see Tables 2 and S2

for characteristics of individual NIPMSs). For 1,286 physicians participating in 9 NIPMSs, we

could define a more specific time frame of participation in the NIPMS to conduct sensitivity

analyses.

Matching quality

There was an average relative difference of 0.2% for overall number of prescribed packages

and −0.83% for overall DDDs between cases and controls during time period t0. There was an

Table 2. List of NIPMSs and selected characteristics.

NIPMS Studied substance(s) Number of participating physicians Start date Duration (days) Marketing score

1 Fluocinolone acetonide 1 5 Nov 2013 529 1.5

2 Mometasone 2 3 Feb 2014 210 0.5

3 Paclitaxel 4 1 Mar 2013 731 5

4 Telaprevir 5 6 May 2013 756 1.5

5 Sorafenib 7 16 Jul 2013 708 2.5

6 Filgrastim/pegfilgrastim 7 24 Jan 2013 397 3

7 Infliximab/golimumab 16 18 Mar 2013 823 3.5

8 Tapentadol 16 1 Apr 2013 609 3.5

9 Darbepoetin alfa 19 15 Jan 2013 775 5

10 Docetaxel 21 1 Mar 2013 731 5

11 Denosumab 40 31 Jan 2013 415 2.5

12 Infliximab 43 23 Jan 2013 555 2.5

13 Ciclosporin 46 1 Jan 2014 546 2

14 Iron (III) isomaltoside 49 1 May 2013 396 4.5

15 Rasagiline 65 27 Jan 2014 339 0

16 Rivastigmine 66 15 Apr 2013 657 1.5

17 Fluorouracil and salicylic acid 117 15 Jan 2014 410 1

18 Propiverine 149 31 Jul 2014 335 0.5

19 Ingenol mebutate 171 15 Jul 2013 351 0

20 Agomelatine 219 1 Mar 2014 245 2.5

21 Testosterone 220 6 Oct 2014 268 3.5

22 Timolol and bimatoprost 281 25 Nov 2013 402 3.5

23 Ivabradine 312 17 Mar 2014 458 2.5

24 Olodaterol/tiotropium bromide 478 1 Jun 2014 365 0.5

NIPMSs for which a more precise time frame of participation could be defined and that were therefore used in sensitivity analyses (see Methods) are marked in gray.

NIPMS, non-interventional post-marketing study.

https://doi.org/10.1371/journal.pmed.1003151.t002
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average relative difference of 8.29% for number of packages and 10.13% for number of DDDs

prescribed of the studied drug between cases and controls during time period t0.

Primary outcome

Participating physicians showed consistently higher absolute prescription volumes of the stud-

ied drug compared with controls, with the gap widening during t1 and narrowing during t2

(see Table 3). Relative to physicians not participating in an NIPMS, physicians participating in

an NIPMS had a 7%–8% higher prescription rate of the studied drug during the NIPMS and a

6%–7% higher prescription rate during the year after the NIPMS had finished, when account-

ing for their overall prescription volume during the respective time frame as well as the num-

ber of prescriptions of the studied drug before the start of the NIPMS (see Table 4).

Sensitivity analyses of the relative prescription rate considering only studied drugs manu-

factured by the sponsor (i.e., excluding generics) showed similar results, as did analyses using

only data from physicians for whom a more precise time frame of participation in the NIPMS

could be determined. However, in this smaller group, the difference was not statistically signif-

icant for the time period after the NIPMS (t2) regarding DDD (see S3–S5 Tables for exact

data).

Secondary outcomes

Shift in proportion of studied drugs and financial effect. The odds of a participating

physician prescribing a drug studied in an NIPMS rather than an alternative drug used for the

same indication during the time frame of the NIPMS (t1) was slightly higher than for the

Table 3. Mean number of prescriptions of the studied drug for controls and participating physicians during the mentioned time frame, weighted by the number of

matching groups in the NIPMS.

Time frame Mean duration (days) Number of packages DDD

Control NIPMS Control NIPMS

t0 365 102.4 103.4 7,705 7,753

t1 500 109.5 120.2 8,064 8,700

t2 365 102.1 110.3 7,736 8,314

Note that t1 is not the same duration as t0 and t2; number of prescriptions may be compared between groups during the same time frame, but not between time frames.

Control = matched physicians, n = 4,642; NIPMS = physicians participating in an NIPMS, n = 2,354.

DDD, defined daily dose; NIPMS, non-interventional post-marketing study.

https://doi.org/10.1371/journal.pmed.1003151.t003

Table 4. Estimated relative prescription rate (Rpr) of the studied drug for participating physicians versus

controls.

Time frame Number of packages DDD�

Rpr�� (95% CI) p-Value Rpr (95% CI) p-Value

t0 1.04 (1.03–1.05) <0.001 1.04 (1.03–1.04) <0.001

t1 1.08 (1.07–1.10) <0.001 1.07 (1.06–1.09) <0.001

t2 1.07 (1.05–1.09) <0.001 1.06 (1.04–1.08) <0.001

Model for t0 adjusted for overall prescription rate; models for t1 and t2 adjusted for overall prescription rate and

prescription rate of studied drug at t0.

�Defined daily dose (DDD) of the drug studied in the non-interventional post-marketing study.

��Relative rate; n = 2,354 groups.

https://doi.org/10.1371/journal.pmed.1003151.t004

PLOS MEDICINE Impact of non-interventional post-marketing studies on prescription habits

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1003151 June 26, 2020 9 / 16

https://doi.org/10.1371/journal.pmed.1003151.t003
https://doi.org/10.1371/journal.pmed.1003151.t004
https://doi.org/10.1371/journal.pmed.1003151


controls (odds ratio 1.04; 95% CI 1.03–1.05; p< 0.001). The mean revenue generated from pre-

scriptions of NIPMS and alternative drugs during this time frame, i.e., the amount that needed to

be reimbursed by statutory health insurance providers for prescriptions written by the physicians

during t1, was also higher for participating physicians, with a mean revenue of 226,713€ (SD

989,087; median 32,036€) versus 153,013€ (SD 615,225; median 25,521€) for controls. However,

this difference was not statistically significant, with an odds ratio for participating physicians to

generate a higher revenue than controls of 1.03 (95% CI 0.98–1.08; p = 0.18).

Marketing indicators. NIPMSs scored a mean of 2.42 (SD 1.54) on the marketing score.

See Table 5 for details on how many NIPMSs fulfilled each of the marketing indicators. None

of the marketing indicators were significantly associated with prescription volume of the stud-

ied drug by physicians participating in an NIPMS compared to controls. While a negligible

effort required for the participating physicians was associated with a lower impact on pre-

scription volume in the univariate analysis, this difference was not confirmed by multivariate

analysis. See Tables 6 and 7 for results of univariate and multivariate regression analyses,

respectively.

Discussion

This study is the first to our knowledge to show in a quasi-experimental design that physicians

participating in an NIPMS show changed prescription rates in favor of the investigated drug.

Table 5. Number of NIPMSs fulfilling each of the marketing indicators.

Marketing indicator Number (%) of NIPMSs�

Remuneration was inappropriate or not clearly warranted 10 (41.7%)��

Drug has been on the market for too long 8 (33.3%)

Low scientific quality 10 (41.7%)

Low formal quality 5 (20.8%)

Negligible effort required by physician 1 (4.2%)

Required report missing 7 (29.1%)

Contract contains a secrecy clause 13 (54.2%)

Marketing indicators described in [9] and S4 Appendix.

�NIPMSs fulfilling the characteristics; n = 24.

��Not appropriate, 4 (16.7%); unclear whether appropriate, 6 (25.0%).

NIPMS, non-interventional post-marketing study.

https://doi.org/10.1371/journal.pmed.1003151.t005

Table 6. Results of univariate regression analysis regarding the relationship between marketing characteristics

and probability that participating physicians prescribe more of the studied drug than controls.

Marketing characteristic Odds ratio (95% CI)

Remuneration is inappropriate or not clearly warranted 1.01 (0.79–1.30)

Drug has been on the market for too long 0.86 (0.62–1.20)

Low scientific quality 1.03 (0.80–1.33)

Low formal quality 0.91 (0.66–1.25)

Negligible effort required by physician 0.77 (0.68–0.88)

Required report missing 0.98 (0.67–1.42)

Contract contains a secrecy clause 1.15 (0.90–1.47)

Marketing score 1.00 (0.91–1.08)

Marketing indicators described in [9] and S4 Appendix. Significant difference in bold.

https://doi.org/10.1371/journal.pmed.1003151.t006
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Physicians participating in an NIPMS had a meaningfully higher rate of prescription of the

studied drug both during and a year after the NIPMS, with an increase of 6%–8%, though the

impact was slightly smaller after the NIPMS had ended. In addition, they were more likely to

prescribe the studied drug rather than alternative drugs used for the same indication during

the NIPMS. This led to a tendency (albeit non-significant) toward higher revenue being gener-

ated for pharmaceutical companies by participating physicians’ prescriptions. None of the

marketing indicators (i.e., indicators of NIPMSs being used for marketing purposes) proposed

by our group in an earlier study were useful to predict whether an NIPMS would have a larger

or smaller impact on prescription practices [9].

The reasons for the difference in prescription habits between participant physicians and

controls cannot be assessed in this study. The difference may be due to a higher awareness of

the studied drug because of participation in the NIPMS. Whether the remuneration offered

for the inclusion of patients in the study plays a role is unclear, but the amount of remunera-

tion and whether it is appropriate with respect to the amount of effort for the physician does

not seem to be associated with the difference. The prescription of the studied drugs also

increased compared to alternative drugs used for the same indication. This suggests that the

difference is not due to increased diagnosis of the disease that the drug is used to treat, but

rather due to a shift in prescription behavior towards the studied drug. Thus, patients with

similar disorders are likely to be treated differently by a physician participating in an NIPMS

compared to one not participating in an NIPMS. Although this study did not attempt to assess

the appropriateness of medical prescriptions, the data nonetheless raise questions about the

independence of physicians when prescribing drugs. Physicians participating in NIPMSs

showed a higher prescription rate of the drug under study even before the start of the study,

even though this was one of the matching criteria. We believe this may be due to the fact that

physicians participating in an NIPMS may have already been in contact with representatives of

the sponsor of the NIPMS and thus may have already been more aware of the drug compared

to controls.

Strengths and weaknesses

One strength of this study is its large sample size, studying close to 7,000 physicians within a

diverse collection of NIPMSs. It is thus highly likely that the results are generalizable to other

NIPMSs and other physicians. The study design was quasi-experimental, allowing for assess-

ment of causality when certain assumptions are met. However, controlling confounders was

difficult due to data privacy laws in Germany. It is unclear whether physician age, gender, or

specialization may have an influence on prescription habits. However, as mentioned in the

Table 7. Results of multivariate regression analysis regarding the relationship between marketing characteristics

and probability that participating physicians prescribe more of the studied drug than controls.

Marketing characteristic Odds ratio (95% CI)

Remuneration is inappropriate or not clearly warranted 1.19 (0.65–2.17)

Drug has been on the market for too long 0.80 (0.52–1.25)

Low scientific quality 1.03 (0.82–1.28)

Low formal quality 1.06 (0.84–1.34)

Negligible effort required by physician 0.71 (0.50–1.01)

Required report missing 0.93 (0.49–1.77)

Contract contains a secrecy clause 1.04 (0.76–1.41)

Marketing indicators described in [9] and S4 Appendix.

https://doi.org/10.1371/journal.pmed.1003151.t007
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Methods section, we used directed acyclic graph modeling to assess the effects of confounders,

and believe it is unlikely we insufficiently controlled for these characteristics. Only in rare

cases where a studied drug gains an indication during the time of the NIPMS could specializa-

tion lead to additional confounding, when one specialty would prescribe the studied drug for

the new indication while another specialty would not. One other confounder that may not be

sufficiently controlled for is that physicians may have chosen to participate in an NIPMS

because they were already aware of a certain medication and actively wanted to gather experi-

ence using it, leading to an overestimation of the impact. In our view, however, this is not very

likely because pharmaceutical companies are more likely to recruit physicians for NIPMSs

who are not as enthusiastic about their medication yet [27].

Another weakness is the imprecise definition of the time frame of physician participation

in the NIPMSs. Due to a lack of information regarding when exactly a physician entered or

exited an NIPMS, we assumed in the primary analysis that all physicians had participated for

the entire time of the NIPMS. This may lead to an under- or overestimation of the difference

where we miscalculated the time frame of participation. However, our sensitivity analyses with

the subset of physicians for whom a more precise time frame could be determined confirmed

the difference we found in the larger set of physicians. It is thus unlikely that the difference

would be changed substantially if precise data were available for all physicians.

Relation to other studies

To our knowledge, so far no other study has studied the impact of NIPMSs on participants’

prescription practices. Previous studies have focused primarily on the scientific quality of

NIPMSs or the quality of the registrations [4,5,8]. The comparison with trials investigating

interventional studies’ effects on prescription practices is difficult. For 2 trials identified as

seeding trials, quantitative data are not available in sufficient quality to compare with the

results of our current study [13,14]. Andersen et al. conducted an independent study of the

effects of an interventional trial on physicians’ prescription practices and found increases in

prescription habits comparable with those found in our current study, though slightly larger

[15]. Due to the interventional nature of the trial, it is not surprising that it may have had a

more pronounced impact on prescription practices than the NIPMSs in our study. Glass stud-

ied relative grant amounts from pharmaceutical companies to physicians participating in

phase III trials and found no correlation between the relative grant amount and the subsequent

prescription behavior of participating physicians, in line with our result that the appropriate-

ness of remuneration for the NIPMS was not associated with the difference in prescription

behavior [28].

Meaning and implications

Our study shows that participating in a “non-interventional” study may still lead to a change

in prescription behavior of the participating physicians. This adds to the large body of evidence

indicating that conflicts of interest resulting from interactions between physicians and the

pharmaceutical industry influence physician behavior [29–33]. It is unclear whether the

change in prescription behavior resulting from NIPMSs is in the best interest of the patient,

but currently neither the physicians nor the patients participating in such studies are being

informed about it at all. More importantly, NIPMSs are currently subject to less scrutiny than

interventional trials due to the assumption that they do not impact physicians’ prescriptions

and thus do not result in patients being treated differently; for example, it is not required to

acquire informed consent from a patient before enrolling them in an NIPMS. Our study casts

strong doubts on this assumption. In addition, we were not able to show that certain
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marketing characteristics of an NIPMS are able to predict whether it impacts physician pre-

scribing behavior. We have to thus assume that it will not be possible to regulate NIPMSs in a

way that reduces their impact on prescribing behavior. This leads to our conclusion that

NIPMSs should only be permitted when they are imposed by regulatory authorities or regis-

tered with a scientifically sound study design that allows for the collection of essential data.
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28. Glass HE. Do clinical grant payment practices in phase 3 clinical trials influence subsequent clinical

investigator prescribing behavior? Dis Manag. 2004; 7(1):77–87. https://doi.org/10.1089/

109350704322919014 PMID: 15035835

29. Austad KE, Avorn J, Franklin JM, Campbell EG, Kesselheim AS. Association of marketing interactions

with medical trainees’ knowledge about evidence-based prescribing: results from a national survey.

JAMA Intern Med. 2014; 174(8):1283–90. https://doi.org/10.1001/jamainternmed.2014.2202 PMID:

24911123

30. Fleischman W, Agrawal S, King M, Venkatesh AK, Krumholz HM, McKee D, et al. Association between

payments from manufacturers of pharmaceuticals to physicians and regional prescribing: cross sec-

tional ecological study. BMJ. 2016; 354:i4189. https://doi.org/10.1136/bmj.i4189 PMID: 27540015

PLOS MEDICINE Impact of non-interventional post-marketing studies on prescription habits

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1003151 June 26, 2020 15 / 16

https://doi.org/10.1136/bmj.j337
http://www.ncbi.nlm.nih.gov/pubmed/28174182
https://doi.org/10.1007/s002280050395
http://www.ncbi.nlm.nih.gov/pubmed/9516039
https://doi.org/10.1136/bmj.l4340
http://www.ncbi.nlm.nih.gov/pubmed/31292109
https://doi.org/10.1056/NEJMp1705800
http://www.ncbi.nlm.nih.gov/pubmed/28930510
https://doi.org/10.1001/archinternmed.2011.241
http://www.ncbi.nlm.nih.gov/pubmed/21709111
https://doi.org/10.7326/0003-4819-149-4-200808190-00006
https://doi.org/10.7326/0003-4819-149-4-200808190-00006
http://www.ncbi.nlm.nih.gov/pubmed/18711155
https://doi.org/10.1001/jama.295.23.2759
https://doi.org/10.1001/jama.295.23.2759
http://www.ncbi.nlm.nih.gov/pubmed/16788131
https://www.gesetze-im-internet.de/amg_1976/__67.html
https://doi.org/10.1093/oxfordjournals.aje.a009786
https://doi.org/10.1093/oxfordjournals.aje.a009786
http://www.ncbi.nlm.nih.gov/pubmed/9921965
https://doi.org/10.1093/oxfordjournals.aje.a116398
https://doi.org/10.1093/oxfordjournals.aje.a116398
http://www.ncbi.nlm.nih.gov/pubmed/1595690
https://www.vdek.com/presse/daten/b_versicherte.html
https://www.vdek.com/presse/daten/b_versicherte.html
https://www.wido.de/publikationen-produkte/arzneimittel-klassifikation/
https://www.wido.de/publikationen-produkte/arzneimittel-klassifikation/
http://www.ncbi.nlm.nih.gov/pubmed/9888278
https://doi.org/10.1007/s00411-011-0394-5
http://www.ncbi.nlm.nih.gov/pubmed/22193911
https://doi.org/10.18637/jss.v080.i01
https://doi.org/10.18637/jss.v015.i02
http://www.R-project.org
https://doi.org/10.1089/109350704322919014
https://doi.org/10.1089/109350704322919014
http://www.ncbi.nlm.nih.gov/pubmed/15035835
https://doi.org/10.1001/jamainternmed.2014.2202
http://www.ncbi.nlm.nih.gov/pubmed/24911123
https://doi.org/10.1136/bmj.i4189
http://www.ncbi.nlm.nih.gov/pubmed/27540015
https://doi.org/10.1371/journal.pmed.1003151


31. Yeh JS, Franklin JM, Avorn J, Landon J, Kesselheim AS. association of industry payments to physicians

with the prescribing of brand-name statins in Massachusetts. JAMA Intern Med. 2016; 176(6):763–8.

https://doi.org/10.1001/jamainternmed.2016.1709 PMID: 27159336

32. Lieb K, Scheurich A. Contact between doctors and the pharmaceutical industry, their perceptions, and

the effects on prescribing habits. PLoS ONE. 2014; 9(10):e110130. https://doi.org/10.1371/journal.

pone.0110130 PMID: 25330392

33. Lundh A, Lexchin J, Mintzes B, Schroll JB, Bero L. Industry sponsorship and research outcome.

Cochrane Database Syst Rev. 2017; 2:MR000033. https://doi.org/10.1002/14651858.MR000033.pub3

PMID: 28207928

PLOS MEDICINE Impact of non-interventional post-marketing studies on prescription habits

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1003151 June 26, 2020 16 / 16

https://doi.org/10.1001/jamainternmed.2016.1709
http://www.ncbi.nlm.nih.gov/pubmed/27159336
https://doi.org/10.1371/journal.pone.0110130
https://doi.org/10.1371/journal.pone.0110130
http://www.ncbi.nlm.nih.gov/pubmed/25330392
https://doi.org/10.1002/14651858.MR000033.pub3
http://www.ncbi.nlm.nih.gov/pubmed/28207928
https://doi.org/10.1371/journal.pmed.1003151

