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ORIGINAL ARTICLE

Effects of non-medical switching on outcomes among patients prescribed tumor
necrosis factor inhibitors

Allan Gibofskya, Martha Skupb, Manish Mittalb, Scott J. Johnsonc, Matthew Davisc, Jingdong Chaob and
David T. Rubind

aWeill Cornell Medicine, New York, NY, USA; bAbbVie Inc., North Chicago, IL, USA; cMedicus Economics, LLC, Milton, MA, USA; dUniversity of
Chicago Medicine, Chicago, IL, USA

ABSTRACT
Objective: To evaluate health care use and outcomes among patients who experienced a non-medical
switch of their prescribed anti-tumor-necrosis-factor biological agent (anti-TNF) for cost containment
reasons.
Methods: Retrospective evaluation of Humedica electronic health records of patients �18 years old
with anti-TNF treatment for immune conditions. Using natural language processing, stable patients
who experienced a non-medical switch (for cost reasons) of their anti-TNF between 2007 and 2013
were identified (NMS cohort, n¼ 158) and matched to patients who did not (control cohort, n¼ 4804).
Rates of office visits, emergency department visits, and hospitalizations at 30, 90, and 365 days follow-
ing were evaluated. Medication-related adverse events, defined as subsequent medication change due
to a side effect and/or efficacy-related reason were also compared.
Results: Adjusted rates of office visits were higher among the NMS cohort than the control cohort at
30 (46.4% vs. 31.7%, p< .001), 90 (71.0% vs. 57.0%, p< .001), and 365 days (87.8% vs. 76.8%, p< .001).
Rates of emergency department use and hospitalization were comparable between cohorts. The NMS
cohort had higher adjusted rates of medication-related adverse consequences (both increased side
effects and diminished efficacy) than the control cohort at 30 (13.8% vs. 4.0%, p¼ .003), 90 (31.6% vs
9.6%, p< .001), and 365 days (54.7% vs. 20.3%, p< .001). Compared with controls, the NMS cohort had
higher adjusted rates of subsequent medication change within 1 year (27.82% vs. 13.9%, p¼ .001).
Conclusion: Non-medical switching among patients prescribed anti-TNFs was associated with
increased health care use, medication-related side effects, and reports of diminished efficacy.
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Introduction

Switching among medications is a common practice when
patients do not adequately respond to therapy or experience
an adverse event1. Non-medical switching or changing medi-
cations for reasons other than efficacy, safety, or tolerability
may also occur. For instance, a non-medical switch may be
driven by out-of-pocket cost differentials, availability of alter-
native formulations (such as those that avoid infusions), or
preferences for a more convenient dosing frequency.
Additionally, non-medical switching may be payer-driven,
such as by a pharmacy benefits manager seeking to reduce
costs1.

Anti-tumor necrosis factor (TNF) biological agents are
used to treat immune-mediated inflammatory diseases2,3.
Recent studies have shown that early referral to a rheuma-
tologist leads to more timely diagnosis of rheumatic disease4

and that treatment with biological agents results in clinical
remission5–11, reduced risk of extra-articular complications12,
and improved quality of life2,3,13–17 for patients with auto-
immune disorders. A small number of studies have examined

the impact of non-medical switching of anti-TNF biological
agents on patients and the results reported have been vari-
able. Two of these studies18,19 demonstrated that patients
generally tolerate non-medical switching; however, these
studies assessed a single disease condition, studied non-US
populations, and were limited by data obtained from single
centers. In contrast, a third study20 evaluating the effect of
non-medical switching of anti-TNF biological agents found
that switching from one anti-TNF biological agent to another
for non-medical reasons was associated with loss of tolerance
and efficacy within 1 year after the switch. In a fourth
study21, non-medical switching of anti-TNF biological agents
was associated with higher health care costs, although the
impact of non-medical switching on clinical outcomes was
not assessed. A fifth study that evaluated non-medical
switching of patients with Crohn’s disease maintained on
infliximab or adalimumab and who switched to certolizumab
pegol found 25% of patients failed substitution22. Another
recent study evaluating patient outcomes in clinical practice
found that patients who switched or discontinued from an
anti-TNF therapy for non-medical reasons had more frequent
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flares, lower rates of well controlled symptoms, and more fre-
quent hospitalizations, emergency department visits, and
outpatient visits than those who continued with their anti-
TNF therapy23. Finally, physicians, pharmacists, and nurses
surveyed regarding treatment of Medicare Part D beneficia-
ries raised concerns of diminished efficacy following non-
medical switching24. Additional studies assessing both clinical
outcomes and health care use using real-world data are
needed to understand the full effect of non-medical switch-
ing of anti-TNF biological agents.

Non-medical switching may be particularly consequential
in the case of biological therapies. Implicit in non-medical
switching is the assumption that agents within this thera-
peutic class would provide similar safety and efficacy. This
expectation poses a particular challenge for available bio-
logical therapies, which differ in structure, pharmacokinetics,
bioavailability, binding specificity, and immunogenicity result-
ing in varied responses by patients to different agents1.

To better characterize this hypothesis, the impact of non-
medical switching on patients receiving anti-TNF biological
therapy was evaluated using electronic medical record (EMR)
data from the US to identify patients who switched anti-TNF
biological agents for reasons related to cost and not due to
side effects or efficacy concerns. Specifically, the effects of
non-medical switching on medication-related adverse events,
efficacy, health care use, and further switches in patients
receiving anti-TNF biological therapy were assessed.

Methods

Data source

The present study used de-identified electronic medical
record (EMR) data from Humedica, which was gathered from
more than 20 medical provider organizations (medical
groups, integrated delivery systems [networks of health care
organizations under common ownership], hospitals) from
around the US and covered the period from 2007 through
2013. This network of provider organizations had approxi-
mately 30 million patients across 38 states with broad geo-
graphic representation. The patient population included
those insured by commercial insurance, Medicare, or
Medicaid, as well as uninsured patients. EMR data was aggre-
gated directly from the providers and, once aggregated, data
was checked and standardized. This data included de-identi-
fied information on demographics, diagnoses, inpatient and
outpatient encounters, medications, procedures, laboratory
results, and vital signs. Humedica’s proprietary natural lan-
guage processing (NLP)25 techniques systematically searched
unstructured data, such as physicians’ notes captured in the
EMR, for terms related to specific medications involving “side
effects“, “efficacy“, or “cost”. The NLP system used vocabulary
from the Unified Medical Language System, which includes
multiple medication dictionaries, such as the Logical
Observation Identifiers Names and Codes, the Systemized
Nomenclature of Medicine–Clinical Terms, and RxNorm, a list-
ing of generic and branded drugs to conduct a context-sensi-
tive search for specific terms and modifiers contained within
the EMR. For the present study, a validation analysis was

performed to validate the NLP algorithm. Results of this sen-
sitivity analysis revealed a cross-validation accuracy of >95%
(see Supplementary Online Appendix 1).

All data used in the analyses described in this study was
de-identified and complied with Health Insurance Portability
and Accountability Act (HIPAA) regulations. Because this data
was completely de-identified, institutional review board
approval of this study was not required.

Selection of initial cohort

Patients with at least one diagnosis of rheumatoid arthritis
(714.0), Crohn’s disease (555.x), psoriasis (696.1), ulcerative
colitis (556.x), psoriatic arthritis (696.0), or ankylosing spon-
dylitis (720.0) were identified from 2007 to 2013 using
International Classification of Diseases, Ninth Revision (ICD-9)
codes. Of the 439,865 patients identified, 279,332 patients
had physician note data extracted with NLP (Figure 1).
Starting with data on 279,332 patients, an initial sample was
identified of patients with a non-medical switch (NMS cohort,
N¼ 175) who were at least 18 years old, switched from one
anti-TNF biological agent to another within 183 days (i.e., 6
months) of the last prescription for the prior anti-TNF bio-
logical agent, and had at least one physician note regarding
“cost” associated with their initial anti-TNF biological agent
and no physician notes regarding “side effect” or “efficacy”. A
parallel sample was also identified of patients without a non-
medical switch (control cohort, N¼ 13,714) who were at least
18 years old, had at least two medication records for the
same anti-TNF biological agent, and had no “cost” note asso-
ciated with an anti-TNF biological agent at any time.

Matching process

To identify a suitable comparison group among control
patients without a medication switch, an exact match
between a patient with a non-medical switch and a control
patient was required based on the following five matching
factors: initial anti-TNF biological agent (etanercept, adalimu-
mab, infliximab, certolizumab pegol, golimumab); clinical
indication (rheumatoid arthritis, Crohn’s disease, psoriasis,
ulcerative colitis, psoriatic arthritis, ankylosing spondylitis,
missing); whether the patient’s EMR came from an integrated
delivery system (Y/N); patient sex (M/F); and patient age cat-
egory (18–34, 35–50, 51–64, 65–100 years). Patients with a
non-medical switch who failed to match exactly to at least
one control candidate (n¼ 5) and control candidates
who failed to match exactly to at least one candidate with a
non-medical switch (n¼ 5831) were excluded. A total of 170
candidates in the NMS cohort and 7883 candidates in the
control cohort remained after the matching process using
91 strata (i.e. unique combinations of values for the five
matching factors) (Figure 1).

Assigning an index date

To calculate outcomes after a non-medical switch occurred, it
was necessary to establish an index date to anchor the com-
parison between the NMS and control cohorts. For the NMS
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cohort, the index date was the date of the earliest medica-
tion record when a patient changed to a different anti-TNF
biological agent. For the control cohort, the index date was
imputed as the date when a switch would have occurred
given the timing and duration of a control patient’s observed
use of the initial drug and the average time to switch of
patients who switched anti-TNF biological agents and were
in the same match stratum as predicted by an interval
regression model. Further details are provided in
Supplementary Online Appendix 2.

Additional selection criteria

With index dates for both the NMS and control cohorts, the
two samples were aligned by excluding control patients who
had a “side effect” or lack of “efficacy” note associated with
their initial anti-TNF biological agent between the start of their
initial medication and their index date. To help ensure that the
study patients were clinically stable prior to their index dates,
patients who had at least one emergency department visit,
inpatient stay or outpatient surgery during the 90 day period
immediately before their index date were excluded. Finally,
from this analytical study cohort three subsets were con-
structed that corresponded to having EMR coverage for 30
days, 90 days, and 365 days after the index date.

Outcomes

Health care use was assessed by evaluating the proportions
of patients with separate endpoints of any ambulatory office

or clinic visit, emergency department visit, or hospitalization
within 30 days, 90 days, and 365 days following the index
date. To evaluate the clinical impact of switching, subsequent
physician notes were queried using NLP for documentation
related to treatment “side effect“, lack of “efficacy“, or the
combination of “side effect or lack of efficacy” within
30 days, 90 days, and 365 days following the index date.
To assess the impact on prescribing, subsequent changes to
another anti-TNF biological agent were identified within 30
days, 90 days, and 365 days of the index date. Whether this
change was attributable to a physician-documented
adverse clinical event was determined by using NLP to
search for physician notes indicating “side effect” or dimin-
ished “efficacy” with the previous anti-TNF biological agent.
Analyses for each time period were restricted to those
patients who had EMR coverage for that period.

Covariates

Patients were matched based on their unique combinations
of five factors (initial anti-TNF biological agent, clinical indica-
tion, integrated delivery network, sex, and age category).
Additional patient-level covariates included race (White,
African American, Asian, other/unknown), US Census region
(Northeast, South, Midwest, West, unknown), insurance type
(commercial, Medicare, Medicaid, other, uninsured, unknown,
missing), estimated median household income and percent-
age college educated or higher, both at the 5 digit ZIP Code

Figure 1. Selection process. (A) NMS cohort. (B) Control cohort. Abbreviations. AS, ankylosing spondylitis; CD, Crohn’s disease; ED, emergency department; NLP, nat-
ural language processing; NMS, non-medical switch; Ps, psoriasis; PsA, psoriatic arthritis; RA, rheumatoid arthritis; TNF, tumor necrosis factor; UC, ulcerative colitis.
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level, and calendar year of index date. (A ZIP Code is a small,
contiguous geographic area represented by a single postal
code).

Statistical analysis

The distributions of covariates were compared statistically
between the NMS and control cohorts using nonparametric
two-sample tests of equality of medians and Pearson’s v2

tests for categorical variables. The effect of stratification was
assessed by the five matching factors on covariate balance
using linear regression with match strata indicator
variables26.

Linear regression was used to assess the impact of having
a non-medical switch versus not having a non-medical switch
on each outcome for each of the 30, 90, and 365 day follow-
up periods. Models were estimated for unadjusted compari-
sons, which included no covariates, and for adjusted compar-
isons, which included a vector of match strata indicator
variables and the additional patient-level covariates (race, US
Census region, insurance type, ZIP Code-level average house-
hold income and percentage college educated, and calendar
year of index date). This approach allowed direct comparison
between the unadjusted and adjusted effects of non-medical
switching while also accommodating the match strata fixed
effects, which could result in inconsistent coefficients in

Table 1. Patient characteristics.

Characteristica Control NMS p valueb,c

N 4804 158
Demographics
Female 73.4 (3528) 72.2 (114) .72
Median (IQR) age 54 (16) 56 (17) .20

Race .56
White 79.4 (3813) 81.0 (128)
African American 2.8 (135) 3.2 (5)
Asian 1.5 (72) 2.5 (4)
Other/unknown 16.3 (784) 13.3 (21)

US Census region .60
Northeast 9.7 (466) 8.2 (13)
South 33.9 (1628) 38.6 (61)
Midwest 31.4 (1508) 30.4 (48)
West 22.2 (1068) 21.5 (34)
Unknown 2.8 (134) 1.3 (2)

Insurance type .035
Commercial 41.5 (1992) 37.3 (59)
Medicare 11.4 (549) 8.9 (14)
Medicaid 2.6 (126) 1.9 (3)
Other 8.1 (388) 3.2 (5)
Uninsured 1.5 (71) 1.9 (3)
Unknown 15.4 (741) 22.8 (36)
Missing 19.5 (937) 24.1 (38)

ZIP code level median (IQR) household income 40,383 (20,598) 37,892 (11,401) .002
ZIP code level percentage (IQR) residents with college education or higher 23 (12) 21.5 (10) .091

Calendar year of index date <.001
2007 8.9 (429) 1.9 (3)
2008 15.9 (764) 5.1 (8)
2009 15.8 (761) 10.1 (16)
2010 13.2 (634) 16.5 (26)
2011 14.8 (709) 17.1 (27)
2012 19.1 (919) 29.8 (47)
2013 12.2 (588) 19.6 (31)

Clinical characteristics
Immune disorder .015
Rheumatoid arthritis 75.6 (3630) 65.2 (103)
Crohn’s disease 3.1 (148) 5.1 (8)
Psoriasis 8.3 (398) 8.9 (14)
Ulcerative colitis 0.1 (7) 0.6 (1)
Psoriatic arthritis 8.1 (387) 12.7 (20)
Ankylosing spondylitis 2.2 (106) 5.1 (8)
Missing 2.7 (128) 2.5 (4)

Initial medication <.001
Etanercept 51.2 (2458) 37.3 (59)
Adalimumab 35.7 (1713) 37.3 (59)
Infliximab 10.9 (525) 12.7 (20)
Certolizumab pegol 0.9 (43) 2.5 (4)
Golimumab 1.4 (65) 10.1 (16)

Member of integrated delivery system 36.1 (1736) 41.8 (66) .15
aFindings expressed as % (N) unless noted otherwise.
bStatistical significance between cohorts was evaluated by Pearson’s v2 test for categorical variables.
cStatistical significance between cohorts was evaluated by non-parametric two-sample test of equality of medians for continuous variables.
Abbreviations. IQR, interquartile range; NMS, non-medical switch. ZIP Code is a small, contiguous geographic area represented by a single postal code.
Integrated delivery system is network of health care organizations under common ownership.
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nonlinear models such as logistic regression27. Model stand-
ard errors were adjusted to be robust to heteroskedasticity.
Analyses were conducted using Stata MP 13.1 (College
Station, TX, USA).

Results

The NMS and control cohorts consisted of 158 patients and
4804 patients, respectively. Patients in the NMS and control
cohorts were comparable in terms of sex, age, racial compos-
ition, US Census region, and ZIP Code-level educational distri-
bution (Table 1). Insurance information was missing or
unknown for a larger proportion of patients in the NMS
cohort compared with controls. Patients in the NMS cohort
were drawn disproportionately from more recent years.
These differences were eliminated or attenuated after stratifi-
cation by matching variables (Supplementary Online
Appendix 2).

The majority of patients were prescribed anti-TNF bio-
logical agents for rheumatoid arthritis, with etanercept and
adalimumab as the most commonly prescribed agents.
Immune disorder prevalence differed between the cohorts
such that patients with rheumatoid arthritis were more
prevalent among the control group compared with the NMS

group, while patients with psoriatic arthritis were more
prevalent among the NMS group than the control group.
Initial medication use also differed between groups. Patients
in the control group had a higher rate of etanercept use, but
a lower rate of golimumab use compared with those in the
NMS group.

Experiencing a non-medical switch resulted in higher
unadjusted proportions of patients with at least one office
visit at 30 days (54.3% vs. 31.4%, p< .001), 90 days (82.1% vs.
56.7%, p< .001), and 1 year (98.0% vs. 76.5%, p< .001) (Table
2). Differences in the proportion of patients with office visits
were partially attenuated with multivariable adjustment, but
patients in the NMS group continued to have higher rates of
office visits at 30 days (46.4% vs. 31.7%, p< .001), 90 days
(71.0% vs. 57.0%, p¼ .001), and 365 days (87.8% vs. 76.8%),
p< .001).

The proportions of patients using the emergency depart-
ment were comparable between the NMS group and control
group at 30 days, 90 days, and 365 days (Table 2).
Additionally, although the share of patients with hospitaliza-
tion at 30 days was modestly lower in the NMS group than
the control group (0.0% vs. 0.9%, p< .001), there was no dif-
ference at 90 days (2.1% vs. 1.9%, p¼ .85) or 365 days (8.1%
vs. 6.5%, p¼ .57). These findings for emergency department

Table 2. Health care use.

Endpoint Control NMS Difference 95% CI p value

Unadjusted percentagesa

30 days
Nb 4735 153
Ambulatory office or clinic visit 31.4 (1488) 54.3 (83) 22.8 (14.8, 30.8) <.001
Emergency department usage 0.6 (30) 0.7 (1) 0.02 (�1.3, 1.3) .98
Hospitalization 0.9 (41) 0.0 (0) �0.9 (�1.1, �0.6) <.001

90 days
Nb 4444 140
Ambulatory office or clinic visit 56.7 (2519) 82.1 (115) 25.5 (18.9, 32.0) <.001
Emergency department usage 1.7 (77) 2.1 (3) 0.4 (�2.0, 2.8) .74
Hospitalization 1.9 (85) 2.1 (3) 0.2 (�2.2, 2.7) .85

365 days
Nb 3490 99
Ambulatory office or clinic visit 76.5 (2669) 98.0 (97) 21.5 (18.4, 24.6) <.001
Emergency department usage 6.0 (208) 9.1 (9) 3.1 (�2.6, 8.9) .28
Hospitalization 6.5 (227) 8.1 (8) 1.6 (�3.9, 7.0) .57

Adjusted Percentagesc,d

30 days
Nb 4735 153
Ambulatory office or clinic visit 31.7 46.4 14.8 (6.6, 22.9) <.001
Emergency department usage 0.6 0.2 �0.4 (�1.6, 0.8) .50
Hospitalization 0.9 �0.4 �1.3 (�1.9, �0.6) <.001

90 days
Nb 4444 140
Ambulatory office or clinic visit 57.0 71.0 14.0 (5.9, 22.0) <.001
Emergency department usage 1.8 1.3 �0.5 (�2.8, 1.9) .69
Hospitalization 1.9 1.7 �0.3 (�2.9, 2.3) .84

365 days
Nb 3490 99
Ambulatory office or clinic visit 76.8 87.8 11.1 (6.0, 16.1) <.001
Emergency department usage 6.0 7.6 1.6 (�2.3, 5.5) .43
Hospitalization 6.5 7.0 0.5 (�5.8, 6.7) .89

aFindings presented as unadjusted % (N).
bN reflects patients with complete follow-up (based on EMR coverage) for the specified period.
cFindings presented as adjusted %.
dProportions adjusted for match strata fixed effects and patient race, US Census region, insurance type, ZIP Code-
level household income, ZIP Code-level percentage college educated, and calendar year of index date.
Abbreviations. CI, confidence interval; NMS, non-medical switch.
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use and hospitalization were largely unchanged after multi-
variable adjustment.

A greater proportion of patients who experienced a non-
medical switch had a medication-related adverse conse-
quence (side effect or efficacy related) within 30 days (16.3%
vs. 4.0%, p< .001), 90 days (36.4% vs. 9.4%, p< .001), and
365 days (62.6% vs. 20.1%, p< .001) (Table 3). Higher rates of
adverse consequences among the NMS cohort reflected
higher rates of both side effect and diminished efficacy
notes. Differences were attenuated, but higher rates of
adverse consequences persisted among the NMS group com-
pared with the control group after multivariable adjustment.
The NMS cohort had higher adjusted rates of medication-
related adverse consequences compared with the control
cohort at 30 days (13.8% vs. 4.0%, p¼ .003), 90 days (31.6%
vs 9.6%, p< .001), and 365 days (54.7% vs. 20.3%, p< .001).

The NMS cohort had higher rates of subsequent medica-
tion switch compared with the control cohort at 30 days
(5.2% vs. 0.8%, p< .001), 90 days (12.1% vs. 2.6%, p< .001),
and 365 days (27.3% vs. 13.9%, p¼ .003). Higher rates of sub-
sequent switching attributable to adverse consequences from
a previous agent were more common among the NMS group
compared with the control group at 365 days (14.1% vs.

4.4%, p¼ .005) (Table 4). Findings were similar after multivari-
able adjustment.

Discussion

In the present study, non-medical switching among
patients receiving anti-TNF biological therapy was associ-
ated with increased health care use, increased prevalence
of physician notes related to diminished efficacy and side
effects, and higher rates of subsequent switching to alter-
native anti-TNF biological agents. The impact of a non-
medical switch was observed as early as within the first
30 days following the switch and persisted for a year fol-
lowing the change. These findings suggest that a non-med-
ical switch is a clinically consequential event that can
meaningfully affect patient care and outcomes and agree
with results of a recent study, which showed that patients
who switch from anti-TNF biologic therapy for non-medical
reasons experience significantly worse clinical outcomes
and increased health care resource utilization than those
who remain on therapy23. Further, these results support
physicians’ concerns that non-medical switching may
adversely affect patient care24.

Table 3. Physician documentation of adverse clinical consequences.

Endpoint Control NMS Difference 95% CI p value

Unadjusted percentagesa

30 days
Nb 4735 153
Any adverse consequence 4.0 (187) 16.3 (25) 12.4 (6.5, 18.2) <.001
Side effect 1.8 (87) 10.5 (16) 8.6 (3.8, 13.5) <.001
Diminished efficacy 2.5 (118) 10.5 (16) 8.0 (3.1, 12.8) <.001

90 days
Nb 4444 140
Any adverse consequence 9.4 (418) 36.4 (51) 27.0 (19.0, 35.0) <.001
Side effect 5.1 (226) 25.7 (36) 20.6 (13.3, 27.9) <.001
Diminished efficacy 5.8 (257) 22.1 (31) 16.4 (9.4, 23.3) <.001

365 days
Nb 3490 99
Any adverse consequence 20.1 (700) 62.6 (62) 42.6 (32.9, 52.2) <.001
Side effect 12.3 (429) 46.5 (46) 34.2 (24.3, 44.1) <.001
Diminished efficacy 13.4 (468) 42.4 (42) 29.0 (19.2, 38.8) <.001

Adjusted percentagesc,d

30 days
Nb 4735 153
Any adverse consequence 4.0 13.8 9.8 (3.2, 16.3) .003
Side effect 1.9 9.4 7.6 (2.5, 12.6) .003
Diminished efficacy 2.5 9.0 6.5 (1.5, 11.4) .011

90 days
Nb 4444 140
Any adverse consequence 9.6 31.6 22.0 (14.3, 29.7) <.001
Side effect 5.1 23.7 18.5 (11.1, 26.0) <.001
Diminished efficacy 5.9 19.1 13.2 (6.9, 19.6) <.001

365 days
Nb 3490 99
Any adverse consequence 20.3 54.7 34.4 (26.8, 41.9) <.001
Side effect 12.4 41.5 29.0 (20.6, 37.5) <.001
Diminished efficacy 13.6 37.1 23.5 (13.5, 33.5) <.001

aFindings presented as unadjusted % (N).
bN reflects patients with complete follow-up (based on EMR coverage) for the specified period.
cFindings presented as adjusted %.
dProportions adjusted for match strata fixed effects and patient race, US Census region, insurance type, ZIP Code-
level household income, ZIP Code-level percentage college educated, and calendar year of index date.
Abbreviations. CI, confidence interval; NMS, non-medical switch.
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The reasons underlying non-medical switching are varied.
Non-medical switching may occur because patients desire
alternative formulations (subcutaneous vs. infusion), less fre-
quent dosing regimens, or other conveniences provided by
an alternative agent. However, the higher rates of office vis-
its and further therapy changes within the year following
the switch suggest that this convenience may come at a
price. Alternatively, non-medical switching may occur for
cost-related reasons, as was likely the case for the patients
in the NMS cohort in our analysis, who had physician notes
mentioning cost for the initial medications. Non-medical
switching for cost-related reasons may be ultimately
patient-driven, as a means of reducing out-of-pocket costs,
or payer-driven, such as through a pharmacy benefits man-
ager seeking to reduce costs1. Here too, higher rates of
health care use and a greater need to switch to different
agents suggest that potential savings in drug costs may be
offset by increased health care use and worsened outcomes.
For example, in the Medicare Part D population, providers
reported that more than one-third of patients undergoing a
non-medical switch subsequently required additional medi-
cation to treat a side effect they attributed to the non-med-
ical switch24.

A higher rate of adverse consequences, such as dimin-
ished efficacy, among patients who experience a non-medical
switch is not entirely surprising. Although targeting the same
receptor site, the five available anti-TNF biological agents dif-
fer in structure, pharmacokinetics, bioavailability, impact
upon complement, and immunogenicity1. Differences in

subsequent mode of action likely underlie reported differen-
ces in the effectiveness and side effect profile of these
agents. Of particular concern is the development of anti-TNF
biological agent antibodies that blunt therapeutic
response28,29. More common among patients with previous
exposure to anti-TNF biological agents30, these antibodies
may account for the decreased therapeutic response with
successive changes in anti-TNF biological agents among
patients with rheumatoid arthritis31. Non-medical switching
would only serve to exacerbate this process. Another poten-
tial explanation for these consequences may be the uninten-
tional logistic delays which invariably occur when treatments
are changed, such as those related to benefit verification or
prior authorization. Such delays may have resulted in discon-
tinuations or relapses and further deterioration.

Results of the present study raise concerns regarding the
continued practice of non-medical switching. Clinicians and
patients considering switching agents for non-medical rea-
sons might be assuming that prescribing agents within the
same therapeutic class will result in equivalent or at least
similar clinical outcomes. Clinical studies suggesting similar
effectiveness among patients switching agents may be falsely
reassuring in that they rely on patients who have previously
failed treatment, and also do not account for real-world
delays32,33. By contrast, patients who experience a non-med-
ical switch are presumably tolerating their agent prior to the
switch. These patients, as such, face the potential risk of side
effects or diminished efficacy inherent in switching with no
expectation of added clinical benefit.

Table 4. Subsequent switching of anti-TNF biological therapy.

Endpointa Control NMS Difference 95% CI p value

Unadjusted percentages
30 days

Nb 4735 153
Any switch 0.8 (36) 5.2 (8) 4.5 (0.9, 8.0) <.001
Switch related to adverse consequence 0.2 (7) 0.7 (1) 0.5 (�0.8, 1.8) .44

90 days
Nb 4444 140
Any switch 2.6 (114) 12.1 (17) 9.6 (4.1, 15.0) .001
Switch related to adverse consequence 0.7 (32) 2.1 (3) 1.4 (�1.0, 3.8) .25

365 days
Nb 3490 99
Any switch 13.9 (484) 27.3 (27) 13.4 (4.6, 22.3) .003
Switch related to adverse consequence 4.4 (152) 14.1 (14) 9.8 (2.9, 16.7) .005

Adjusted percentagesc,d

30 days
Nb 4735 153
Any switch 0.8 4.2 3.4 (0.2, 6.6) .037
Switch related to adverse consequence 0.2 0.3 0.1 (�1.1, 1.4) .87

90 days
Nb 4444 140
Any switch 2.6 10.2 7.6 (2.5, 12.7) .003
Switch related to adverse consequence 0.7 1.5 0.7 (�1.5, 3.0) .51

365 days
Nb 3490 99
Any switch 13.9 27.2 13.4 (5.3, 21.4) .001
Switch related to adverse consequence 4.4 12.7 8.3 (1.8, 14.8) .012

aFindings presented as unadjusted % (N).
bN reflects patients with complete follow-up (based on EMR coverage) for the specified period.
cFindings presented as adjusted %.
dProportions adjusted for match strata fixed effects and patient race, US Census region, insurance type, ZIP Code-
level household income, ZIP Code-level percentage college educated, and calendar year of index date.
Abbreviations. CI, confidence interval; NMS, non-medical switch.
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A strength of the current study is the ability to identify
patients who switched anti-TNF biological agents for reasons
that were related to cost and not a result of side effects or
lack of efficacy, based on information in the physician’s med-
ical notes. It is not possible to identify reasons for switching
therapy in an analysis based solely on administrative claims
data. In addition, the study population was both diverse and
robust, drawing from a dataset with national coverage and
including the five principal anti-TNF biological agents used
during the period 2007–2013.

Limitations

This study has certain limitations. First, the study relied on
EMR data obtained by Humedica. As such, care provided by
clinicians and provider organizations not participating in
Humedica cannot be evaluated, which may be particularly
problematic for emergency department visits and hospital
admissions that occurred at non-participating centers. It also
discourages the calculation of an overall NMS rate from these
data alone. Second, non-medical switching was identified
based on physician notes, and thus it could not be deter-
mined whether patients actually received the prescriptions,
chose not to fill them, or took their medication as prescribed.
Likewise, it is possible that non-medical switching could have
occurred in other patients but was not recorded in the phys-
ician notes. Further, it was not possible to independently cor-
roborate physician documentation of “side effect” or
diminished “efficacy,” nor was it possible to observe details
about the patient and provider decision-making processes
driving a medication switch. Third, our sample of patients
who experienced a non-medical switch was limited to 158;
thus, we were unable to evaluate heterogeneity of non-med-
ical switching effects. Fourth, this evaluation focused on a
specific class of therapy (anti-TNF biological agents) and may
not be generalizable to other clinical agents or classes.
However, physician surveys of non-medical switching suggest
that concerns are not limited to any particular class of medi-
cation22. Finally, the possibility that unmeasured covariates
may contribute to our findings cannot be excluded. We
attempted to minimize this risk with matching and covariate
adjustment. Although this study represents an improvement
over existing studies of non-medical switching based on
administrative data, these limitations together reinforce the
gross nature of the findings and the need for additional
research.

Conclusions

The present study shows that non-medical switching among
stable patients prescribed anti-TNF biological agents was
associated with increased health care use, increased medica-
tion-related side effects, and reports of diminished efficacy.
Further, patients who experienced a non-medical switch of
an anti-TNF biological agent were more likely to undergo fur-
ther changes in medication within a year. As such, non-med-
ical switching of anti-TNF biological therapy in otherwise
medically stable patients often resulted in unintended

consequences that undermined, in part, the underlying
rationale for the switch. Accordingly, our study suggests that
patients and physicians should be educated about the risks
of non-medical switching of anti-TNF biological agents.
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