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ABSTRACT

 Objective: To explore the effects of insurance-man-
dated brand switches during the course of pediatric recom-
binant human growth hormone (rhGH) treatment on clini-
cal practice.
 Methods: We e-mailed a 9-question, anonymous, 
Internet-based survey to active members of the Pediatric 
Endocrine Society. The survey consisted of multiple-choice 
and yes/no answers. Free-text comments were solicited for 
further explanation of responses. Quantitative answers 
were tabulated. Each investigator independently coded the 
free-text responses; themes based on codes identified by all 
3 investigators in a minimum of 5 different respondents’ 
comments were compiled and organized.
 Results: Of the 812 active members of the Pediatric 
Endocrine Society who were e-mailed the survey, 231 
responded. Two hundred eight respondents reported 
switching a patient’s regimen from one rhGH product to 
another, and of these, 50% experienced repeated switches. 

Switches occurred for each commercially available rhGH 
brand. Frequent concerns noted by respondents involved 
dosing errors and treatment lapses from having to learn a 
new device and impaired adherence related to patient-fam-
ily frustration and anxiety. Anti-GH antibodies, measured 
by only 3 endocrinologists when switching a patient’s regi-
men from one brand to another, were negative before and 
after the product switch. When a patient switched rhGH 
brands, the most frequently reported time involvement for 
endocrine office staff was 2 hours for paperwork, 1 hour for 
device instruction, and 1 hour for “other” (mostly related to 
telephone reassurance).
 Conclusion: GH brand switches may adversely affect 
patient care and burden pediatric endocrinology practices. 
(Endocr Pract. 2012;18:307-316)

Abbreviations: 
FDA = Food and Drug Administration; hGH = human 
growth hormone; rhGH = recombinant human growth 
hormone

INTRODUCTION

 Human growth hormone (hGH) treatment began with 
the National Hormone and Pituitary Program, which from 
1963 to 1985 provided nearly 8000 US children with 
hGH extracted from cadaveric pituitary glands until the 
program was terminated abruptly due to the transmission 
of Creutzfeldt-Jakob disease (1). Development of recom-
binant DNA technology enabled expression of hGH in 
Escherichia coli (2) and subsequently purification of the 
peptide product (3). The first recombinant peptide was 
methionyl-hGH, the extra N-terminal methionine inserted 
by the bacterial process of protein synthesis. Methionyl-
hGH was found to have bioactivity comparable to that of 
pituitary hGH (3) and to a later recombinant product with 
amino acid identity to endogenous hGH (4). The advent of 
recombinant hGH (rhGH) peptides led to mass production 
by multiple manufacturers who then developed injection 
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devices for their products (5). As the market expanded and 
patents expired, “generic” versions of rhGH (referred to as 
follow-on or biosimilar rhGH) also appeared (6-9). 
 Insurance providers originally covered pediatric rhGH 
treatment if the manufacturer of a particular rhGH prod-
uct had obtained US Food and Drug Administration (FDA) 
approval for the specific therapeutic indication of a given 
patient. As multiple manufacturers obtained FDA approval 
for the various indications, and appreciation grew for the 
sequence identity and hence indistinguishable bioactivity 
of the various rhGH peptides, the different products started 
to be viewed as equivalent (4,8,10). Thus, insurance pro-
viders have been increasingly adopting formulary prefer-
ence coverage strategies. Because the preferred brand may 
change when a patient changes their insurance provider, 
or when an insurance provider renegotiates their contracts 
with the various rhGH manufacturers, the formulary prefer-
ence strategy may mandate brand switches during the long-
term course of rhGH treatment in children and adolescents.  
 In this study, we sought to explore pediatric endocri-
nologists’ assessments of the consequences of rhGH brand 
switches on clinical practice.

METHODS

 A brief, anonymous survey was created in 
SurveyMonkey (SurveyMonkey, Portland, Oregon), con-
sisting of 9 questions with multiple-choice and yes/no 
responses (Box 1). Free-text comments were solicited 
for further explanation of responses. The survey, titled 
“LWPES: Drugs and Therapeutics Committee Survey,” 
was emailed to active members of the Pediatric Endocrine 
Society (PES, formerly named in honor of Lawson Wilkins) 
and left open for 30 days during the summer of 2009. One 
reminder e-mail was sent to the membership to encourage 
participation.  
 Responses to the survey were collated and analyzed by 
standard descriptive statistics using Excel (Microsoft Corp, 
Redmond, Washington). Following established qualitative 
data analysis–grounded theory methods (11), the investi-
gators first performed a preliminary review of the respon-
dents’ free-text comments, and developed a set of standard-
ized code words or phrases (such as “lapse in treatment,” 
“safety concerns,” or “more time on reassurance, retrain-
ing”), with clear definitions of what each code word or 
phrase meant, with each code word or phrase describing 
a potential characteristic of the free-text comments. Each 
investigator then independently reviewed all of the free-
text comments and labeled each comment with applicable 
code words or phrases. Only those free-text comments 
labeled by all 3 investigators with a particular code were 
regarded as exhibiting that code’s characteristic. The inves-
tigators then worked with only those codes (from the entire 
initial set of codes) that were exhibited in a minimum of 5 
different survey respondents’ comments, aggregating these 

common codes into broader themes (such as “drug and 
device focused” or “autonomy focused”) and organizing 
these themes in terms of the consequences implied by the 
respondents’ comments.

RESULTS
 
 The survey was e-mailed to the 812 active members 
of the Pediatric Endocrine Society. Pediatric Endocrine 
Society membership consisted of 747 physicians from 
the United States, 32 from Canada, and 1 to 7 from each 
of another 18 countries. Two hundred thirty-one pediat-
ric endocrinologists (28%) responded to the survey. Two 
hundred eight respondents (90%) reported switching the 
regimen of a pediatric patient from one rhGH product to 
another, and of these, 50% reported repeated switches. 
Switches occurred to each of the commercially available 
rhGH brands. Three survey questions explored potential 
adverse effects of rhGH brand switches on clinical practice 
(Table 1). Free-text comments with unanimous, indepen-
dent coding by the 3 investigators were organized into a 
thematic diagram of concerns and consequences stemming 
from the mandated brand switches (Fig. 1).

Consequences for Patients and Families
 The survey queried respondents regarding potential 
diminished effectiveness (eg, growth deceleration) due 
to brand switching. Although a few respondents unquali-
fyingly reported reduced growth velocity with the new 
brand (and 1 respondent further noted improvement upon 
resumption of the original brand), most comments regard-
ing effectiveness related the decline to decreased adher-
ence from lapses in treatment, confusion, and errors asso-
ciated with a new device. A few respondents cited adverse 
effects, such as pain or edema that necessitated a return to 
the original product, and 1 respondent reported discomfort 
with being mandated by the insurance provider to prescribe 
a follow-on rhGH product. One possible biologic expla-
nation for diminished effectiveness from brand switches 
involves rhGH immunogenicity. Only 3 respondents rou-
tinely measured anti-GH antibodies when switching a 
patient’s regimen from one rhGH brand to another, and all 
3 found negative titers both before and after the switch.
 Comments responding to a query on patient safety 
are summarized in Table 2. The most frequently reported 
safety concerns consisted of dosing errors and patient con-
fusion related to different rhGH concentrations among 
the products, different storage requirements, and different 
injection devices with different reconstitution procedures 
and different dosing increments. Dosing errors occurred 
despite patient education about the new product, and the 
education and paperwork process itself were blamed for 
wasted staff time and treatment lapses. 
 A query regarding patient-family issues associated 
with switching rhGH brands elicited the most comments. 
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Ten respondents cited increased burning, pain, or sting-
ing with a particular brand that adversely affected patient 
adherence. Many respondents offered that patients may 
realize they have a preference for a particular injection 
device (injectable vs noninjectable system, needle and 
syringe vs pen device, reconstitution procedures, needle 
size, dosing increments, and differences in pen mechan-
ics). Most respondents reported negative patient-family 

reactions when brand or device preferences were ignored 
by insurance-mandated product switches, using words 
such as anxiety, annoying, distress, frustration, and unhap-
piness. They also reported patient-family fears and anxi-
ety both in the quality of the insurance-mandated product 
relative to their current, trusted brand and in the potential 
for interruptions in drug delivery and disruptions in admin-
istration related to the logistics of obtaining and learning 

Box 1
Brief, Anonymous Survey Entitled, “LWPES: Drugs and Therapeutics Committee Survey,” 

E-mailed to the 812 Active Members of the Pediatric Endocrine Society

1. Have you ever switched a pediatric patient from one GH product to another?  
Yes
No

2. If yes, please click on the brands you have switched to (you may choose more than one).
Genotropin
Humatrope
Norditropin
Nutropin
Saizen
Tev-Tropin
Can’t recall

3. Have there been repeated switches?
Yes
No

4. Have you experienced any effect of switching on efficacy (eg, growth deceleration)?
Yes
No
If yes, please explain:

5. Have there been any safety concerns associated with the switching?
Yes
No
If yes, please explain:

6. Have there been any patient-family issues associated with the switching?
Yes
No
If yes, please explain:

7. Have you routinely measured anti-GH antibodies when switching from one product to another?
Yes
No

8. What were the findings of such measurements?
Titers negative before and after the switch
Titers positive before and after the switch without significant change in levels
Titers converted from negative to positive with the switch
Titers positive and rose substantially higher after the switch

9. How much time do you estimate is spent by you and your office staff when a child is switched from one 
hGH brand to another? In hours:

a. For paperwork?
b. For device instruction?
c. For other?
d. Additional comments:
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about a new product. Learning to use a new product led 
to patient-family frustration and anxiety, inconvenience, 
wasted time, confusion, and dosing errors. Two respon-
dents reported loss of child independence in self-adminis-
tering rhGH because of difficulties with the new product, 
and many respondents related the negative patient-family 
reactions to effects on regimen adherence. Lapses in treat-
ment were also a common concern, related to the paper-
work, delivery, and training required to initiate treatment 
with a new product.

Consequences for Professionals and Science
 rhGH brand switches also had repercussions for the 
prescribing endocrinology practices. Figure 2 shows the 
estimated time spent by pediatric endocrinologists and 
their office staff when a patient’s regimen was switched 
from one rhGH brand to another. Three endocrinologists 
reported spending less than 1 hour for the paperwork, 1 
reported less than 1 hour for reassurance, and 2 reported 
less than 1 hour for instruction, especially when the patient 
was already comfortable with injections. Conversely, 1 
respondent reported more than 10 hours for the paperwork. 
Two had difficulty quantifying an average duration.
 Sixty-three respondents offered written comments 
expanding on time commitment. The “other” activities 
were most commonly identified as telephone conversations 
with patient-families explaining why the switch was occur-
ring, reassuring them and allaying their anxieties about 
the new product and the process, and following up after-
wards to ensure there were no treatment lapses. “Other” 
also included ancillary activities like insurance appeals and 
notifying GH case managers, home care delivery compa-
nies, and pharmacies about the impending switch. Many 
children and adolescents receiving rhGH treatment are fol-
lowed in postmarketing surveillance studies. Because these 
GH registries are brand-specific, termination paperwork 
for the current registry and enrollment into the registry 
associated with the new rhGH brand was cited as another 
time-consuming activity related to brand switches. Further, 
such switches lead to loss of long-term follow-up data in 

the registries because there is no way to track patients from 
one registry to another.
 Many of the respondents voiced frustration and scorn 
at the role insurance providers have in this process. While 
some rhGH brand switches occur because of clinical 
responses to the first product, most are mandated by insur-
ance formulary preference coverage; the preferred for-
mulary brand(s) may switch either when a patient-family 
changes their insurance provider or when the extant insur-
ance provider alters its contractual arrangements with the 
rhGH manufacturers, which are renegotiated every 1 or 
2 years. Such rhGH brand switches are mandated for the 
primary purpose of minimizing insurance provider costs, 
while the time required of the prescribing endocrinologists 
and their staff is not reimbursed. This frustration was fur-
ther compounded by the lack of assistance from insurance 
providers in streamlining the process. Several respondents 
complained that the rhGH brand switch paperwork and 
authorization process was “like starting from scratch” for 
a given patient, that each insurance company’s paperwork 
and policies were different, that insurance providers did not 
notify the practitioners in a timely fashion, and that approval 
for the new rhGH product often took weeks. Some added 
that insurance providers may deny rhGH for patients who 
had previously been covered, leading to a lengthy appeals 
process, and lack of communication between the insurance 
provider and their contracted pharmacy further increases 
the paperwork burden. While several respondents reported 
that the time involved in the rhGH brand switch process 
was disruptive to their practice, 6 reported mitigating the 
impact by outsourcing the patient-family device retraining 
to nurses employed by the rhGH manufacturer. 

DISCUSSION

 rhGH brand switches during the course of treating a 
pediatric patient have become commonplace and involve 
all the commercially available products. Switches in rhGH 
preparations can result in negative effects on overall treat-
ment effectiveness as evidenced by lapses in treatment, 

Table 1
Numbers of Responses and Comments to the Survey Questions Exploring Potential Effects of 

Recombinant Human Growth Hormone Brand Switches on Clinical Practice

Question
No. of 

respondents 
No. of yes 
responses

No. of no 
responses

No. of 
comments 

Any effects on efficacy (eg, growth
  deceleration)?

182 15 167 23

Any safety concerns? 185 24 161 25
Any patient-family issues? 186 123 63 121
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reduced adherence, and dosing errors. Safety concerns can 
also heighten anxiety among affected families, which can 
increase the uncompensated workload for a pediatric endo-
crine practice.
 Insurance-mandated formulary brand preferences 
are not unique to rhGH. Concerns have been raised about 
differences in potency and bioavailability between brand 
and generic preparations of drugs with narrow therapeutic 
ranges, such as anticonvulsant drugs (12-15) and levothy-
roxine (16-18). For example, 2 recent case-control stud-
ies found an increased risk of emergency department or 
hospital-level care for epilepsy-related events associated 
with switches to A-rated generic anticonvulsant formula-
tions (19,20). Unlike other medications for which phar-
macies automatically switch brands upon filling a pre-
scription, rhGH brand switches require resubmission of 
paperwork for a new preauthorization review. This time-
consuming and unreimbursed process for the prescribing 

endocrinologist and office staff is stressful to the clinician 
and patient-family not only because previously covered 
rhGH treatment may be denied, but also because rhGH 
brand switches require reeducation of patients and families 
in administering rhGH with their new product’s injection 
device, resulting at best in only inconvenience and at worst 
in potential dosing errors. Denial of previously covered 
rhGH therapy for a patient midtreatment is particularly 
frustrating because it makes rhGH coverage seem fickle 
and blind; the patient’s previous therapeutic responsive-
ness is both ignored by the denial of ongoing treatment and 
compromised by the resultant lapse in treatment until the 
denial can be appealed, which is not always successful.
 Another consequence of brand switching is the loss of 
longitudinal data in the rhGH registries. Because the rhGH 
registries are proprietary to the various rhGH manufactur-
ers who fund them, when patients switch brands, they no 
longer qualify for their current registry and must be enrolled 

Fig. 1. Thematic diagram of observations and consequences stemming from mandated recombinant human growth hormone brand 
switches. Themes were scored from the free-text comments provided across all survey questions and were included if they were supported 
by comments, each with unanimous investigator consensus, from a minimum of 5 different survey respondents. Those marked with an 
asterisk had fewer than 5 supporting comments, but were thought by the investigators to raise important issues worthy of consideration.
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de novo in the registry of the new brand. There is currently 
no way of tracking patients across registries. The more fre-
quently switches occur, the more disjointed the available 
follow-up data will become. The major strength of these 
postmarketing surveillance studies, originally mandated by 
the FDA upon commercial introduction of rhGH in 1985, 
has been the longitudinal nature of their data. More than 
520 000 patient-years experience with rhGH have been 
recorded up to January 2010 (personal communication, 
Pfizer, New York, New York; Genentech Medical Affairs, 
South San Francisco, California; Charmian Quigley, 
MBBS, Eli Lilly and Company, Indianapolis, Indiana; 
John Germak, MD, NovoNordisk Inc, Princeton, New 
Jersey; and Viatcheslav Rakov, MD, NovoNordisk Health 
Care AG, Zurich, Switzerland) and have contributed sig-
nificantly to our understanding of rhGH effectiveness and 
safety. Frequent brand switching necessitates the creation 
of a single rhGH registry to monitor patients across all 
rhGH brands and to continue collecting such longitudinal 
data.
 Although brand switching may raise the theoretical 
concern of increased immunogenicity, this assumption 
was not supported by our limited data. Only 3 endocri-
nologists reported routinely measuring anti-GH antibodies 
when switching a patient’s regimen from one rhGH brand 
to another, and all 3 found negative titers both before and 
after the switch. This may reflect secular trends associated 
with the evolution of the hGH products. Immunogenicity 
was found among patients receiving pituitary hGH and 

depended on the product preparation and purification (21-
23). Methionyl-hGH, with its novel N-terminus, was even 
more immunogenic, although growth attenuation from 
high affinity anti-GH antibodies was uncommon (23-25). 
Human sequence rhGH had low immunogenicity and, 
again, rare immune-mediated growth attenuation (26-28). 
The exception remains patients with GH gene deletion, who 
had never expressed endogenous GH and thus expectedly 
produced growth-attenuating anti-GH antibodies on expo-
sure to exogenous hormone (29). Because current prod-
ucts all possess native sequence, their main immunogenic 
potential derives from process-related and product-related 
impurities, which are present in very low concentrations 
and in different composition among the different products. 
Switching brands would increase a patient’s exposure to 
such impurities and hence, potentially increase the inci-
dence of immune reactions. The finding that so few of the 
survey respondents routinely measure anti-GH antibodies 
probably reflects the confidence of the pediatric endocrine 
community in current rhGH production and purification 
processes, now 1 and even 2 decades after the reports of 
rare immunogenicity from earlier rhGH products (30).   
  The principal limitation of this study is that the 28% 
response rate may have introduced nonresponse bias. Of 
note, not all members of the Pediatric Endocrine Society 
clinically prescribe rhGH; some limit their practice to 
patients with diabetes mellitus, and others are investiga-
tors who do not participate in patient care. Without practice 
data, we could not define more sharply our denominator. 

Table 2
Responses to the Question Regarding Safety Concerns 

From Recombinant Human Growth Hormone Brand Switches

Comment
Respondents, 

No.
Dosing errors and patient confusion 14
Potential for immunogenicity effects 4
Injection site pain or burning with the new product 4
New-onset rashes related to the new product (of these, 1 required emergency
 department evaluation)

2

Concerns related to the sparse safety data available for follow-on recombinant human
 growth hormone products

2

Mandated switch of a neonate from a preservative-free to a preservative-containing 
 product

1

Presumed local allergic reaction (stopped with change to a third product) 1
Optic nerve swelling (developed in a patient with Turner syndrome after an insurance-
 mandated brand switch that led to a 6-month discontinuation of recombinant human
 growth hormone treatment and then resumption of the original brand)

1

Severely deficient patients being without product for 1 or 2 months 1
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We e-mailed the entire Pediatric Endocrine Society active 
membership because pediatric endocrinologists are the prin-
cipal prescribers of rhGH for pediatric patients. Although 
this approach limited the sampling frame, it focused on the 
most pertinent population and allowed endorsement of the 
brief questionnaire by a legitimizing professional associa-
tion, methods shown to improve physician survey response 
rates (31). Our response rate, while low, was comparable to 
that obtained by an e-mail survey of the Georgia Chapter 
of the American Academy of Pediatrics after 2 mailings 
(26%) (32) and the e-mailed 2007 National Physician 
Survey (30%) despite various unsuccessful attempts to 
increase rates from the 2004 survey (33). 
 Our study design precludes inference of prevalence 
frequencies. Although nonresponse bias seems less oper-
ant in surveys of physicians than in the general population 
(34,35), it remains a possibility (36). Even in the extreme 
scenario wherein all the Pediatric Endocrine Society mem-
bers who did not respond to the survey had no concerns 
whatsoever, a minimum of 2% of the Pediatric Endocrine 
Society membership reported diminished effectiveness, 
4% had safety concerns, and 18% cited adverse patient-
family consequences. As investigators of the first study 
exploring adverse unintended consequences of rhGH for-
mularies, we sought to determine the potential existence 
and types of such consequences, and, on the basis of the 

results, determine whether more robustly designed studies 
are warranted on the subject.
 Although we cannot comment on prevalence or mag-
nitude, findings from our exploratory survey indicate that 
rhGH formularies can lead to adverse unintended conse-
quences. The high cost of rhGH therapy and its expanding 
market create strong pressure for use of cost-containing 
methods like insurance-mandated formulary brand prefer-
ences. Since the FDA approved rhGH treatment for idio-
pathic short stature in 2003, about 1% of all US children 
became eligible for treatment with rhGH, with a potential 
cost of approximately US $40 billion (37). Thus, insur-
ance-mandated formulary brand preferences are likely to 
increase in practice. This study has identified problematic 
consequences of brand switching, a requisite part of for-
mulary preference strategies, and thereby suggestions for 
improvement by the insurance providers and rhGH manu-
facturers, who determine the preferred brands (Table 3). 
By streamlining the process and providing timely notifica-
tion, insurance providers can prevent lapses in treatment 
and reduce clinician burden, patient-family anxiety, errors, 
and overall cost to the health care system. Should the cur-
rent cumbersome system continue, careful consideration 
should be given to reimbursing pediatric endocrine prac-
tices for the time and effort imposed by the brand-switching 
process. Monitoring the effects of rhGH brand switching 

Fig. 2. Time spent by pediatric endocrinologists and their staff when a patient’s regimen is switched from 
one recombinant human growth hormone brand to another.
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Table 3
Identified Problems From Recombinant Human Growth Hormone Brand Switches 

and Their Potential Solutions

Problem
Solution by recombinant human 
growth hormone manufacturers Solution by insurance providers

Dosing errors Troubleshoot for the potential for dosing 
errors when designing injection devices:
•	 Nonconfusing dosing increments

•	 Obvious dosing with easy readability and 
no or minimal mathematical conversions

•	 Automatic blocking or correcting 
mechanisms for misdialing

•	 Strategies to prevent pen-cartridge 
mismatching

…

Provide patient-family with quality 
 instruction in using the new injection
 device and routine telephone follow-up
 afterwards to ensure proper use 

Treatment 
 lapses

Telephone follow-up with patient-families 
 to ensure they did not experience a lapse
 in treatment or other difficulties

Timely notification to patient-families and 
 prescribing physicians

Streamline the process for prescribing clinicians 
  (see below)

Patient-family 
 anxiety 
 about the
 switch

…

Provide timely, easy-to-comprehend explanatory 
 materials in anticipation of the switch process 
 that summarize:
•	 The reason for the mandated brand switch

•	 Patient-family options regarding the formulary brand 
choice(s)

•	 How the new preferred brands compare with the current 
formulary brands (complete with pictures)

•	 Step-by-step algorithm guiding families through the process 
replete with contact information for directing questions and 
any appeals processes

Burden to 
 prescribing 
 clinicians

…

Streamline the process by:
•	 Standardizing the forms

•	 Using forms prepopulated with patient information already 
in the insurance system from their currently approved 
recombinant human growth hormone use

•	 Making it a 1-step prescribing process: the clinician 
completes and submits 1 form to the insurance company, 
which then reviews it and directs it to their contracted 
pharmacy/delivering agent, which then activates and delivers 
the recombinant human growth hormone to the patient 
(rather than the clinician getting approval de novo from the 
insurance company first and then separately determining 
which pharmacy/delivering agent they must use and making 
arrangements to actually get the recombinant human growth 
hormone to the patient)  
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should continue, with special attention to effects on adher-
ence, even treatment cessation, and health outcomes.

CONCLUSION

 Insurance-mandated brand switches during the course 
of pediatric rhGH treatment are justified as a cost-con-
taining strategy for an expensive medication with 7 dif-
ferent brands offering the identical active hGH molecule. 
However, the various brands differ in their diluents, injec-
tion devices, and services offered to patients and profes-
sionals. Effects of rhGH brand switches observed by pedi-
atric endocrinologists can be categorized as relating to the 
drug or device, logistics, autonomy, and clinician and sci-
entific knowledge. These effects lead to decreased effec-
tiveness; safety concerns; reduced compliance; and, ulti-
mately, less favorable risk-to-benefit profile for the patient, 
less favorable workload for the endocrine practices, and 
loss of long-term follow-up data for the GH registries. 
While this study is based on pediatric rhGH treatment, 
its findings may illustrate more general issues of payment 
encroaching on what had been an autonomous decision-
making process between physicians and patients.
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