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Abstract

Background: Drug manufacturers claim that the purpose of financial payments to physicians is to facilitate education about new drugs. This
claim suggests 2 testable hypotheses: payments should not be associated with drug revenue and payments for each drug should decline over
time as physicians become educated.

Materials and Methods: \We used open payments data on industry payments. We included payments for cancer drugs without generic/biosim-
ilar competitors and used federal data sources to measure Medicare spending (a proxy for overall drug revenue) and a number of prescribers.
We used generalized estimating equations (GEE) to model the drug-level association between industry payments and Medicare spending.
Separately, we used GEE to estimate the change in payments with respect to the duration of time since initial FDA approval.

Results: The sample included 89 drugs and 361 drug-year observations. The total value of industry payments for oncology drugs increased,
from $53 333 854 in 2014 to $90 343 731 in 2018. There was no association between log-transformed mean, per-physician industry payments,
and per-physician Medicare spending (estimate —0.001, 95%Cl, —0.005 to 0.004). Payments for individual drugs decreased over time; estimated
payments in the subsequent year for a drug with mean, per-physician payments of $1000 in the index year was: $681* for drugs 0-4 years since
approval, $825 for 5-9 years, and $679* for >10 years (*P < .05).

Conclusions: Although industry-sponsored education may also serve marketing purposes, the absence of association between industry pay-
ments and Medicare spending and the decline in payments subsequent to approval are consistent with claims that industry payments function
to facilitate physician education.
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Implications for Practice

Industry payments to physicians are common and raise concerns due to the potential to influence physicians’ clinical decision-making.
However, the industry claims that such payments, commonly occurring in association with events where informational presentations
are given, facilitate the beneficial goal of physician education on new drugs. This study examined trends in industry payments related to
cancer drugs. There was no association between industry payments and revenue for a particular drug, and payments declined after time
passed from initial FDA approval. These observations are consistent with the hypothesis that industry payments function to facilitate
physician education.

Introduction physicians who receive payments prescribe more low-value
drugs.*®

Oncology is no exception. Approximately two-thirds of
medical oncologists receive industry payments each year,® and
receive a substantially greater dollar value of industry money
than most other specialties.”* This amount has increased, and
more oncologists now receive greater dollar amounts from
industry than in the recent past.® Research suggests that
concerns about the influence on care delivery may be war-
ranted in oncology as well; for example, receipt of industry
money is associated with increased prescribing of nilotinib

Financial relationships between the pharmaceutical indus-
try and US physicians are common. In 2019, the dollar
value of direct monetary transfers and in-kind gifts from the
industry to physicians was $2.4 billion." These payments
have been the subject of concern and criticism regarding the
influence of commercial interests on medicine, as research
has consistently shown that receipt of industry money
affects physicians’ prescribing.? Industry payments to phy-
sicians—which are largely promotional in nature—tend to
focus on less-innovative, lower-value drugs.® As a result,
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over imatinib for the treatment of chronic myeloid leukemia,’
despite nilotinib’s greater financial cost and higher incidence
of serious toxicities. !’

Despite the substantial body of research that has evaluated
the distribution of industry money across physicians, the dis-
tribution of industry money across different drugs remains
largely unexamined. An understanding of which drugs indus-
try chooses to promote most heavily through physician pay-
ments—and how these payments shift over time—would offer
new insights into the changing landscape of oncology practice
and the potential for these payments to affect care quality.
The industry view on physician payments is that they serve
the public interest by fulfilling an otherwise unmet need for
physician education about new drugs.!"'3> However, whether
industry payments to physicians are distributed in a manner
to facilitate education has not been evaluated.

We conducted this study to assess the distribution of indus-
try payments across different cancer drugs. In addition, we
sought to evaluate whether the distribution of payments for
cancer drugs over time is consistent with the goal of physi-
cian education, by testing 2 separate hypotheses. First, if pay-
ments are for education, then they should be proportional
to the number of physician prescribers; after accounting for
the number of physician prescribers, payments should not be
proportional to other drug characteristics such as the revenue
generated. Second, because the educational need for a new
drug would be greatest at the time of market entry, payments
should decline over time rather than persist.

Methods

Our study sample included all drugs with a primary indica-
tion for malignant cancer and without generic or biosimilar
competition through the 2014-2018 study period; we focused
on drugs without generic or biosimilar competitors because
pharmaceutical manufacturers largely stop promotional pay-
ments once competition occurs.'* We excluded drugs used
for only pediatric cancers, those that were taken off the mar-
ket during the study period, and those with missing data for
Medicare spending or industry payments. We searched the
FDA Abbreviated New Drug Application (ANDA) records
and Database of Licensed Biological Products (Purple Book)
to identify drugs with anticipated market entry of a generic or
biosimilar competitor.

For each drug in the sample, we obtained the number of
prescribing physicians, the Medicare spending in nominal
dollars, and value of industry payments in nominal dollars
for each calendar year from 2014 to 2018. For Part D drugs,
we obtained physician counts and Medicare spending from
the Part D Prescriber Public Use File. For Part B drugs, we
obtained physician counts and Medicare spending from the
Physician and Other Supplier Public Use File, calculating
Medicare spending as the product of the number of services
rendered and the average Medicare allowed amount. Open
Payments was the source for industry payments for all drugs.
We included all “General Payments” (the Open Payments for
non-research-associated payments, encompassing types of
payments such as meals, travel, consulting, and speaking fees)
with individual physician recipients, excluding payments to
teaching hospitals. Open Payments includes information on
the drug associated with each payment (if any); we summed
all eligible payments for each cancer drug with each calendar
year. Mean, per-physician payments, and Medicare spending
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were calculated as the total payments or Medicare spending
divided by the number of prescribing physicians within the
corresponding calendar year (full dataset available, eSupple-
ment 2).

Our first hypothesis was that if drug industry payments
are solely for the purposes of physician education, then
they should 7ot be associated with drug revenue. Implicitly,
if payments were positively associated with drug revenue
(as reflected in health system spending) after accounting
for the number of physician prescribers, this would be evi-
dence of factors other than educational needs. We therefore
assessed the association between mean, per-physician indus-
try payments (dependent variable) and mean, per-physician
Medicare spending (independent variable), including a binary
adjustment variable for future generic competition within 3
years out of expectation that payment patterns may change
as patent expiration nears.'* Using a 2-sided hypothesis test,
a significant, positive association (as opposed to a null or
inverse association) would allow us to reject the hypothesis
that industry payments to physicians are driven solely by edu-
cational need. The unit of analysis was the drug-year pair; we
modeled this association using generalized estimating equa-
tions (GEE) with repeated observations on the drug level.

Because payment data are highly skewed, the transforma-
tion of the independent variable was necessary. We applied
2 different transformations to assess whether model results
were sensitive to the transformation method. First, we used
a log transformation to maximize interpretability. However,
a Box-Cox transformation suggested that a log transforma-
tion was not adequate for the data distribution. We therefore
also modeled the data with the optimal transformation sug-
gested by Box—Cox (lambda = 0.25) to investigate whether
model results were sensitive to the limitations of the log
transformation.

Our second hypothesis was that if drug industry payments
are solely for physician education, then they should decline
over time as the education need is met. Implicitly, if payments
stay stable or increase over time, this would be evidence of
factors other than educational needs. To analyze payment
trends for individual drugs while accounting for the differing
levels of baseline payments among drugs, we measured with-
drug year-to-year relative changes. For all instances where
industry payments for a drug were observed in both a year
0 and a subsequent year +1, the year-to-year relative change
was observed as the mean, per-physician industry payments
in (year +1)/(year 0), with 1.0 representing no change (eg, if
a drug were approved in 2018, it would not have contrib-
uted observations in this analysis because, within the 2014-
2018 study period, a subsequent year would not have been
observed). For each such observation, we also considered
the number of years post-approval the drug was during the
index year 0. We used generalized estimating equations and to
model the aggregate year-to-year change (dependent variable)
associated with different time periods since approval (inde-
pendent variable). We used estimate statements to test the null
hypothesis of no change, eg, year-to-year change not being
statistically different from 1. A change of <1 would suggest
an aggregate decline in payments and be interpreted as con-
sistent with the educational rationale for payments. A Box-
Cox transformation was applied to the year-to-year change
variable. We again controlled for generic competition within
3 years. For interpretability, we used the point estimate for the
aggregate change to predict the mean, per-physician payment
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Table 1. Characteristics of included drugs. Nominal USD.

Characteristic

Number (percent)

Unique drugs
Drug-year observations
Year of approval
1997
1998
2000
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
Medicare coverage
Part D
Part B
Both
Class
Targeted agent
Cytotoxic
Monoclonal antibody
Immunotherapy
Other
Antibody conjugate
Hormonal agent

Unique physicians prescribing
(median, IQR)

Industry payments per unique
physician, USD (median, IQR)

Medicare spending per unique
physician, USD (median, IQR)

Drug spending per drug
(millions USD)

2014
<1
1-10
>10-100
>100-1000
>1,000
2015
<1
1-10
>10-100
>100-1000

48 (54%)
40 (45%)
1 (1%)

121

416 (120, 1,030)

49 650 (34 015, 74 042)

2 (4%)
10 (20%)
20 (39%)
18 (35%)
1(2%)
4 (6%)
12 (18%)
27 (42%)

1(32%)
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Table 1. Continued

Characteristic Number (percent)

>1000 1(2%)

2016
<1 1(1%)
1-10 14 (19%)
>10-100 31 (43%)
>100-1000 25(35%)
>1000 1(1%)

2017
<1 4 (5%)
1-10 16 (19%)
>10-100 37 (44%)
>100-1000 25(29%)
>1000 3 (4%)

2018
<1 2 (2%)
1-10 15 (17%)
>10-100 38 (43%)
>100-1000 29 (33%)
>1000 5 (6%)

in year +1 for a hypothetical drug with $1000 of payments
in the index year and no generic competition within 3 years.

Results

The sample included 89 unique drugs and 361 drug-year
observations (Table 1). The most common drug class was
targeted agents (56%), followed by cytotoxic agents (13%),
monoclonal antibodies (10%), immunotherapies (8 %), other
drug classes (6 %), antibody conjugates (2%), and hormonal
agents (3%). The median number of unique physician pre-
scribers within a calendar year was 1212 (interquartile range
364, 3358), and the median Medicare spending per physician
was $49 650 (interquartile range $34 015, $74 042).

The total amount of industry payment for oncology drugs
increased during the study period, from $53 333 854 in 2014
to $90 343 731 in 2018 (Fig. 1). Grouping payments accord-
ing to drug class and whether the drug was approved in 2014
or before vs. 2015 or later, most of the increase in industry
payments from 2014 to 2018 was accounted for by targeted
agents approved in 2015 or later and immunotherapies
approved in 2014 or before.

The drugs with the greatest Medicare spending per physi-
cian per year were disproportionately those with the great-
est overall Medicare spending per year (Supplement Table
S1). While the proportion of drugs exceeding $1 billion in
Medicare spending within each year never exceeded 6%
(Table 1), these drugs constituted 10 of the top 20 drugs with
the greatest per-physician Medicare spending. The drugs with
the greatest industry payments per physician per year were
mostly drugs with a small denominator of prescribing physi-
cians; 19 of the top 20 had a number of physician prescribers
below the median of 1212. The only drugs among the top 20
by per-physician Medicare spending and industry payments
were Xofigo (radium-223) and Keytruda (pembrolizumab).
Overall Medicare spending was correlated with overall
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Figure 1. Payments over time, by drug class. Total industry payments to US physicians for cancer drugs in each class are shown in nominal USD. Each
class is divided into those agents approved in 2014 or before (“existing”), versus 2015 or later (“new"). “Others"” includes hormonal agents, antibody

conjugates, and all other classes. Nominal USD.

industry payments (Pearson correlation 0.39, P < .001); how-
ever, Medicare spending and industry payments per prescrib-
ing physician were not correlated (Pearson correlation -0.04,
P = .47) (Fig. 2).

There were no association between log-transformed mean,
per-physician industry payments, and Medicare spending
(estimate -0.001, 95%CI, -0.005 to 0.004) (Table 2). This
result was unchanged after applying Box-Cox transformation
(estimate -0.010, 95%CI, -0.030 to 0.011). The presence
of a generic competitor within the subsequent 3 years was
associated with lower industry payments (estimate -0.938,
95%CI, -1.384 to -0.492).

Year-to-year change observations were grouped accord-
ing to the number of years since approval in the index year:
0-4, 5-9, and >10. The majority of year-to-year changes in
mean, per-physician payments were reductions: median 0.75
for 0-4 years since approval, 0.81 for 5-9, and 0.80 for >10
(Supplementary Table S2). However, the distribution of year-
to-year changes was skewed, with a substantial number of
observations much greater than 1, indicating a many-fold
increase in industry payments (Supplementary Fig. S1).

The estimated year-to-year change among drugs with no
generic competitor was downward in each of the 3 groups,
and statistically significant for years 0-4 and >10 (0-4 years
-0.366, P < .001; 5-9 years -0.188, P = .103; =10, -0.370,
P = .005) (Table 3, Supplementary Fig. 2). Applying the
modeled point estimates, a hypothetical drug with $1000 in
mean, per-physician payments and which was 0-4 years since
approval would fall to $681 the subsequent year; $825 for a
drug 5-9 years since approval; and $679 for a drug >10 years
since approval.

Discussion

In this study, we aimed to better characterize the landscape
of industry payments to physicians to promote cancer drugs
and to determine whether the observed payment patterns
support claims that these payments have solely educa-
tional goals. Our findings were largely consistent with the

hypothesized trends if industry payments do have educa-
tional goals.

Several prior studies have observed a recent increase in
the overall dollar value of industry payments to oncol-
ogists.® 1516 If this increase were driven by payments for
older, already-approved drugs, this would suggest that
payments were driven by marketing goals rather than
educational ones because physicians would have already
had sufficient time to become educated. However, we
found that the aggregate increase was explained by new
drugs, potentially consistent with a new educational need
among physicians (Fig. 1). Targeted therapies approved
after 2014 and immunotherapies approved in 2014 or
before—specifically, nivolumab and pembrolizumab,
both approved in 2014—accounted for the increase.

Expectedly, the amount of industry payments per drug was
correlated with overall Medicare spending (Fig. 2). We had
anticipated that after controlling for the number of physician
prescribers (which we did by using mean per-physician mea-
sures of industry payments and Medicare spending), industry
payments and Medicare spending would still be positively cor-
related. This would have suggested that the industry engages
in greater promotional spending on more highly-profitable
drugs—those which have the highest per-physician reve-
nue. However, we did not find evidence of this association.
Industry payments did not appear to be driven by per-physi-
cian revenue, while a substantial portion of the variation in
industry payments was explained by the number of prescrib-
ing physicians. This is consistent with the educational expla-
nation for industry payments.

In aggregate, industry payments to physicians declined in
the years following drug approval. This is consistent with
an educational explanation for these payments; a clinician’s
need for education regarding a drug is naturally the greatest
soon after approval, and as this educational need is met then
the industry decreases its educational efforts and associated
payments decline as well. Importantly, while this observa-
tion is consistent with an educational explanation, it does
not prove it. We hypothesized that if industry payments were
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Figure 2. Distribution of industry payments and Medicare spending for
oncology drugs, 2014-2018. Medicare spending is shown on x-axis and
general payments on the y-axis. Each observation represents a drug-
calendar year pair; individual drugs are therefore represented multiple
times across the 5-year study period. Industry payments and Medicare
spending are both standardized to the number of prescribing physicians,
representing the mean dollar value per prescribing physician within

that calendar year. $2 were added to all y-axis values to allow for the
inclusion of observations wherein the mean value of industry payments
was <$1 (N = 15). Total Medicare spending vs. total industry payments
(A, Pearson correlation 0.39, P < .001) and Medicare spending per
prescribing physician vs. industry payments per prescribing physician (B,
Pearson correlation —=0.04, P = .47) are shown. All values are in nominal
USD. A: Medicare spending (1000 USD) on the x-axis and industry
payments (1000 USD) on the y-axis. B: Medicare spending per physician
(USD) on the x axis and industry payments per physician (USD) on the
y-axis.

for non-educational purposes (eg, solely for marketing and
increasing utilization) then payments would remain stable
over time because the ability to increase utilization through
marketing efforts would persist. However, it is also possible
that the effectiveness of marketing-associated payments is
highest soon after approval; if this were the case then our
observations could potentially be explained by marketing
payments as well. It is also possible that the decline in pay-
ments following drug approval is physician-driven rather
than industry-driven as we have assumed. If physicians are
more willing to engage with industry representatives regard-
ing newer drugs than older drugs, then this could explain our
findings regardless of the nature of payments.
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However, despite this aggregate trend, there were numer-
ous cases of payment increases occurring for older drugs
(Supplementary Table S1 and Fig. S1) suggesting that fac-
tors other than education do influence industry payments.
For example, mean per-physician payments increased more
than 5-fold for nilotinib (first approved in 2006) from 2014
to 2017 and more than 2-fold for cabazitaxel (first approved
in 2010) from 2014 to 2017, despite the absence of any new
indications during these time periods that might have con-
tributed to a new educational need. In the case of nilotinib,
this period corresponded to the market entry of generic ima-
tinib, and may reflect the manufacturer’s stated strategy to
shift physician prescribing from its older drug (imatinib) to its
newer, on-patent drug (nilotinib).'”!® There were also many
cases of industry payments remaining at high levels many
years after drug approval, which would be inconsistent with
an ongoing need to educate providers. For example, even
more than a decade past their initial approval, industry pay-
ments for nab-paclitaxel (abraxane) and panitumumab (vect-
ibix) remained above the per-physician median for individual
drugs.

That industry payments may function primarily to facil-
itate clinician education regarding new drugs is partially,
though not entirely, reassuring. Drug information provided
by industry to clinicians often contains false or misleading
information.'”?! Industry also focuses promotional efforts
on lower-quality and less-innovative drugs,®?* and receipt
of industry drug information has consistently been asso-
ciated with lower-quality prescribing.>** Even if indus-
try payments serve to further clinician education, it is not
clear that the education they receive is aligned with patient
benefit.

This study has several limitations arising from the under-
lying data sources. The aggregate measures of industry
payments and Medicare spending do not differentiate onco-
logic from non-oncologic indications, which several of the
included drugs have. We used Medicare spending as a proxy
for overall drug revenue, making the assumption that the 2
would be relatively proportional across drugs, but this may
not be the case for drugs treating cancers that more com-
monly affect the adult non-elderly population. One of the
reasons we analyzed mean per-physician payments was to
account for increases in industry payments driven by new
drug indications. Insofar as new drug indications increase
the number of physicians who may utilize the drug for
their patients and hence also become the target of indus-
try payments, mean per-physician payments should account
for that expanding denominator; however, it would not
account for the possibility that new indications may also
increase per-physician prescribing volume. Mean per-physi-
cian amounts also do not take into account the distributions
of industry payments to individual physicians, hospitals, or
geographic regions, which are quite heterogeneous, so we
were unable to evaluate payment trends at these levels. It
is possible that, in assessing aggregate national trends, we
did not observe smaller localized trends that may have pro-
vided evidence counter to the educational explanation for
payments (eg, increases in payments to individual physicians
or cancer centers long after drug approval). Our analysis of
the association between industry payments and drug rev-
enue (Table 2) suggests an association between upcoming
generic competition and lower industry payments. However,
this association may be confounded by calendar time since
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Table 2. Association between industry payments and Medicare spending for cancer drugs, 2014-2018.

Association N (%) Estimate (95% CI) P value
Log-transformed industry payments
Medicare spending n/a -0.001 (-0.005 to 0.004) .79
Generic within 3 years 35(9.7) -0.938 (-1.384 to -0.492) <.0001
Transformed (lambda = 0.25) industry payments
Medicare spending n/a -0.01 (-0.030 to 0.011) .35
Generic within 3 years 35(9.7) -4.219 (-5.429 to -3.009) <.0001

Individual observations were unique drug-calendar year pairs (N = 361, unique drugs = 89). Generalized estimating equations were used to estimate the
outcome of mean industry payments per prescribing physician in that calendar year, with clustering on the level of the unique drug. Independent variables
were Medicare spending (modeled as mean spending per prescribing physician in that calendar year, $thousands USD) and whether during the observed
calendar year the drug was within 3 years of the market entrance of the first generic competitor. Two modeling approaches were applied: (1) OLS modeling
log-transformed industry payments, estimating the log change in the dollar value industry payments associated with a $1000 increase in spending, and (2)
OLS modeling transformed (lambda = 0.25) industry payments, estimating the change in transformed industry payments associated with a $1000 increase
in spending.

Table 3. Yearto-year changes in mean industry payments per prescribing physician.

Years since N (%) Mean year-to-  Median year- Generic within ~ Estimated year-to-year S P-value  Estimated payments in year

approval year change to-year change 3 years, N (%) change in ratio, no +1, if payments in index year
generic =$1000

0-4 years 105 (39) 0.82 0.75 1(1%) -0.366 0.072  <.0001 $681

5-9 years 84 (31) 1.14 0.81 S (6%) -0.188 0.116 .103 $825

>10 years 78 (29) 0.94 0.80 28 (36%) -0.370 0.131 .005 $679

Each observation represents the relative change from the index year to the subsequent year, expressed as the ratio of mean, per-prescribing-physician
industry payments in the subsequent year to the index year, with 1.0 representing no change. The observation set therefore reflects the subset of drug-
calendar year pairs in which the drug was also observed in the subsequent year (N = 267, unique drugs = 85). Observations were grouped according to the
number of complete calendar years since approval as of the index year, and generalized estimating equations were used to estimate the year-to-year change
associated with each category of years since approval. P-values represent a test for whether year-to-year change was statistically significantly different than
the null value of 1. The point estimate for the year-to-year change was used to estimate the dollar value of subsequent-year payments assuming $1000 per

prescribing physician in the index year and no generic competition within 3 years.

approval, which is also associated with declining industry
payments.

Conclusions

Direct-to-physician payments from the pharmaceutical indus-
try related to oncology drugs are high and increasing. This
increase is driven primarily by payments related to new drugs
coming onto the market, rather than increasing payments for
older drugs. In aggregate, payments were greatest immediately
after drug approval and declined thereafter, and they were
correlated with the number of prescribing physicians but not
with per-physician drug revenue. These trends are consistent
with the understanding that the primary goal of industry pay-
ments is to facilitate clinician education regarding new drugs.
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