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Abstract

By the year 2020, potentially one half million hematopoietic cell transplant (HCT) recipients will 

need long-term follow up care to address not only chronic GvHD but also multiple other late 

consequences of transplant. Despite this increase in patients, there will not be a concomitant 

increase in the HCT workforce. Thus the future of long-term patient management will require a 

new “next-generation” clinical model that utilizes technological solutions to make the care of the 

HCT patient efficient, safe, and cost-effective. Guideline-based decision support will be embedded 

in clinical workflows. Documentation requirements will be reduced as automated data collection 

from electronic medical records (EMRs) will populate registries and provide feedback for a rapid 

learning health system. Interoperable EMRs will disseminate treatment protocols to multiple care 

providers in a distributed long-term clinic model, such that providers outside of the transplant 

center can provide services closer to the patient. Patients will increase their participatory role 

through patient portals and mobile devices. At Vanderbilt, we have responded so some of these 

future challenges by embedding guideline-based decision support, structuring clinical 

documentation, and being early adopters of communication technology. This manuscript describes 

the current state of some of these innovations, and a vision for the future of the long-term 

transplant clinic.
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 Introduction

With the increasing number of HCTs performed yearly worldwide, and the improvement of 

survival after transplantation, the number of patients surviving two years and longer after 

transplantation is continuously increasing. By 2020, there may be worldwide up to half a 

million long-term survivors after HCT, constituting a 250% increase over the number of 
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survivors from 2009 (1, 2). Recent data suggest that early transplant mortality has improved 

and is due to better patient selection, use of reduced toxicity regimens, and better supportive 

care (2–4). The challenges in HCT extend beyond day 100, with an increasing incidence of 

chronic GvHD and transplant-related organ dysfunction (5). For patients surviving more 

than 25 years after transplantation there is still a two-fold excess of death rate (2, 4). Even 

three decades after HCT, the cumulative incidence for secondary solid tumors or non-

malignant complications continues to increase, with no indication of a plateau developing (2, 

6–8). The transition from the acute phase HCT to ongoing follow-up post-treatment care is 

critical to maintain long-term health. This involves not only the transplantation center and 

the patient but also their caregivers and their other physicians (2, 9).The long-term transplant 

patient needs to be followed closely for risks of secondary malignancy, osteoporosis, 

endocrine abnormalities, and other organ dysfunctions. Therefore, there should be a lifelong 

commitment for post-transplant survivorship care for an increasing number of patients.

HCT recipients beyond day 100 require attention to their underlying disease, infectious 

issues, immunosuppression, and multiple monitoring parameters. Health care providers must 

assess disparate organ systems for potential transplant-related dysfunctions while also 

fulfiling multiple documentation and data entry requirements imposed by the institution, 

payers, and regulatory agencies - all within the time constraints of a brief “return” clinic 

visit(10). This challenge is the subject of a national study where a pre-designed plan of care 

is being compared to the standard of care approach in a clinical trial (“Randomized Study of 

Individualized Care Plans for Hematopoietic Cell Transplant Survivors”, NCT02200133).

HCT recipients require multidisciplinary care and the transmission and coordination of 

information flow would be central to such a “next gen” clinic. In addition to an increasing 

number of survivors of HCT, future care of these patients will likely require an increasing 

number of monitoring parameters, multi-system evaluations, and other data elements to 

diagnose and treat the long-term complications of HCT(1, 11, 12). The information 

requirements of increasing numbers of patients multiplied by increasing monitoring 

complexity necessitates a new model of the long-term transplant clinic. However, while the 

number and complexity of long-term transplant patients is increasing; the number of 

transplant physicians will not keep pace (13). The growth in number of transplants has for 

many years outpaced the growth of the physician workforce to care for these patients (14). 

To address the future challenges of a long term transplant clinic (LTTC) we propose utilizing 

advances in health information technology (Health IT) to enable seeing patients more 

efficiently and with less errors of omission. This manuscript describes the current thought 

processes and groundwork that will be needed to make such “next gen” clinics a reality.

 Long Term Transplant Guidelines: Current Challenges

A typical LTTC setup requires the HCT survivors to visit the clinic at least annually. A 

common outpatient HCT clinic combines acute care and long-term follow-up, allowing 

continuity of care. However, this arrangement faces the risk that the particular needs of long-

term survivors are left behind the daily care of the immediate post-transplant patients. In 

contrast, separating acute and long term clinics risks losing the continuity of care as patients 

transition from one to the other.

Rioth et al. Page 2

Bone Marrow Transplant. Author manuscript; available in PMC 2016 June 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



The optimal care of the HCT recipient has evolved based on best institutional practices, 

consensus criteria and recommendations from national and international guidelines. While 

published guidelines attempt to standardize treatment plans, provider biases make decision 

making complex, leading to non-standardized care models (15–18). Post-transplant care 

guidelines were updated in 2012 with expanded recommendations for screening for chronic 

GvHD, post-transplant organ dysfunction screening, and vaccinations (2, 12). The growth in 

monitoring parameters from 31 in 2006 to 59 in 2012 demonstrates the increasing 

complexity of caring for long term transplant patients (11, 12). In consultation with several 

leading transplant organizations, the National Marrow Donor Program (NMDP) has created 

a website with guidelines for post-transplant care (www.marrow.org/HCT-guide). These 

guidelines provide recommendations post-transplant screening, vaccination and GvHD and 

have even been operationalized as a smartphone “app.” However, the penetration of these 

practices in the clinic and thus impact on patient care remains unmeasured (18).

 Health Information Technology (HIT) for the Transplant Provider

 Evolving Role of the Electronic Medical Record (EMR)

The use of information technology has revolutionized many fields over the past half-

century(19). In healthcare the EMR is the primary tool of information technology. In the 

future the EMR and related software solutions will be needed to improve the efficiency of 

long-term transplant clinics as volume and complexity of care increases(20). However, the 

history of the EMR is not reassuring in its ability to improve efficiency, as some studies have 

noted an overall loss of productivity following EMR implementation (21–24). However, if 

the evolution of the EMR is compared to that of the digital camera it is possible to view the 

future more positively. Initial versions of digital cameras in the mid-1990s were laughably 

inferior to film cameras and significantly more expensive; however, with iterative 

improvements over two decades, digital photography displaced film photography to the 

extent that 35-mm film is nearly extinct. Digital format matched film in quality, but 

disrupted photography by offering superior cost advantages, sharing abilities, and 

customizability. With EMRs, many have only “digitized paper”, but the future holds the 

promise of improving care in ways that could not be accomplished without them. EMRs 

have the ability to provide guideline-based decision support, automatically aggregate 

standardized data, transmit data to registries, fluidly incorporate patient reported outcome 

measures, automate documentation, and make the increased patient volumes of a future 

long-term transplant clinic feasible (25–27). With the progressive increase in long-term 

transplant patients and the constraints of the provider workforce, a promising solution is to 

use information technology to improve clinical efficiency and distribute some of the 

workload outside the transplant clinic.

 Increased Plan Sharing

The early transplant model is an excellent example of providing care in a “bundled case 

rate”. However, after day 100, these models are typically not applicable. The care of the 

patient transitions from the transplant center and starts including the primary care provider 

along with the referring oncologist. Thus, a seamless information transfer among EMR 

system will be needed to effectively distribute the care of the patient.
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Three secular trends are in the favor of a distributed long-term transplant clinic model that 

distributes and coordinates care among providers outside the transplant center: 1) 

consolidation of health systems, 2) consolidation of EMR vendors, and 3) regulatory 

pressure for greater interoperability of health care data. These trends are described in turn:

Most transplant programs are located within large academic cancer centers; however, many 

large centers are partnering with other regional hospitals and clinics to create larger 

healthcare networks (28–30). These networks may be integrated with technological 

underpinnings and health information sharing. While the degree of interoperability will vary 

by the structure of the healthcare network, these networks will help to facilitate closer 

communication for transplant physicians and PCPs.

As EMRs have now saturated the market and are no longer a growth field, there are moves 

towards vendor consolidation (31). Fewer vendors increases, but does not guarantee, the 

likelihood of interoperable systems between a transplant center and the primary care 

provider closer to a patient’s home(32). Additionally, as future vendors compete based on 

usability and innovation, EMRs may become less burdensome to providers(33).

A key driver of health IT has been the “Meaningful Use” regulations which began as part of 

the American Recovery and Reinvestment Act of 2009 (34). Future federal mandates and 

regulations are likely to emphasize information interoperability of EMR data. The most 

recent proposal for stage 3 of the Meaningful Use program incorporates requirements for 

clinical document sharing(35). Recent congressional legislature entitled the “21st Century 

Cures Act” proposes to further reduce the barriers to health data interoperability. These 

regulations, and the increasing use of secure communication protocols (36), suggest that 

information exchange will become easier. In a recent editorial accompanying a special issue 

on biomedical data standards of the Journal of the American Medical Informatics 
Association, Dr. Doug Fridsma (President and CEO of AMIA) put forth the challenge 

thusly: “While the use of biomedical data standards is important for many reasons, none 

seem more timely than supporting interoperability across different health information 

technology applications(37).” Future versions of EMRs will likely demonstrate a greater 

ability for physicians to share treatment plans for common patients and create a LTTC where 

some of the plan of care is clearly distributed to non-transplant physicians outside the 

transplant center.

 Data analytics for guideline operationalization and rapid learning systems

As mentioned previously, transplant care plans are based on institutional best practices, 

guidelines, and recommendations from national and international transplant organizations. 

However, it is unclear if these guidelines have improved outcomes. When practices are 

changed or adapted, it can be difficult to measure the impact of the change on patient 

outcomes, unless data is manually extracted and analyzed. Transplant programs are 

monitored by multiple agencies with an emerging emphasis on quality management and 

outcomes are reviewed by payers. Thus having structured data would be ideal to measure 

multiple aspects of transplant programs.
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Starting with the first transplant registries in the 1970s, the field of transplantation relied on 

“big data” long before it was a technology buzzword (38, 39). Data collected on over 

370,000 patients and donors is stored within the Center for International Blood and Marrow 

Transplant Research (CIBMTR), providing the basis for powerful data analytics. The 

collection of this data can be tedious and difficult, but the analysis has yielded significant 

results, such as the elucidation of differences in GvHD rates between ethnic populations 

(40). Despite this valuable resource, there are significant shortcomings – in particular the 

manual data extraction process and the lack of data targeting late effects beyond the one year 

survival landmark.

Much of the success of the CIBMTR data to improve transplant outcomes up to the one year 

mark comes from the inter-institution analysis of standardized data. The standardized 

Transplant Essential Data (TED) documents that comprise the input to the CIBMTR 

databases are supported by rigorous and well-maintained data standards (41). However, 

although computable data element structure exists, many transplant centers rely on manual 

data extraction from their EMR for reporting. This is unfortunate as converting computable 

data from the EMR into computable data for storage via TED forms by hand is expensive, 

tedious and prone to error (Figure 1). Additionally agreement between manual abstractors 

can be poor, even when subject matter experts are extracting data elements.(42). By 

automating standardized data extraction from the EMR and harmonizing data elements for 

registry reporting, quality monitoring, and payer requirements, documentation efficiency 

will improve and manual data extraction will decrease.

A possible means for addressing data collection and guideline analysis for late term 

transplant effects is the “rapid learning system” concept (43). In 2010 the Institute of 

Medicine released a Workshop Summary entitled “A Foundation for Evidence-Driven 

Practice: A Rapid Learning System for Cancer Care (44).” In this summary, a rapid learning 

system is defined as system that collects data at the point of care to generate evidence that 

iteratively bridges the clinic and research and feeds evidence back into clinical practice(45–

47). This could be utilized in a LTTC when data such as transplant history, laboratory 

values, exam findings, imaging results are structured in the EMR and stored automatically in 

a database. These data are then available for comparative effectiveness studies and pragmatic 

clinical trials to assess the impact of practice variations on clinical outcomes. The evidence 

from this analysis can then be codified in guidelines that can go on to additional assessment 

and evaluation with future patients. Implicit in this system is the reliance on health IT in 

general and EMRs in particular (48). While a rapid learning system will not supplant the 

registry concept, the field of marrow transplantation could exemplify how it could be 

utilized to achieve process improvement.

Another promise of a rapid learning system is the capability to formulate and assess 

machine-computable trustworthy clinical practice guidelines (49). Similar to the logic that is 

demonstrated in the NMDP transplant follow-up smartphone app, computable guidelines can 

be embedded into electronic systems to offer automated decision support to providers during 

patient care. However, as has been demonstrated in multiple studies the changes in clinical 

outcomes of these decision support systems are difficult to conclusively prove(50, 51). In 

topics where the standard of care is not well-established and includes a wide diversity of 
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options (such as the management of chronic GvHD), disparate practices can be compared 

and evaluated to determine the best guidelines. The process of updating guidelines is 

amenable to the continuous evaluation of a rapid learning system where a first level of 

evaluation would be adherence to suggested guidelines and additional analysis of whether 

adherence to guidelines improved patient outcomes(52). Those guidelines that demonstrate 

improved outcomes can then be integrated back into EMRs to provide further clinical 

decision support and additional analysis, thus bringing the lessons from the rapid learning 

system back to the patient-provider interaction.

 Vanderbilt Approach-Informatics

Vanderbilt University Medical Center (VUMC) is a large academic medical center similar to 

many others that host HCT programs. Vanderbilt has seen firsthand some of the constraints 

to the future of the long-term transplant clinic (Table 1). The VUMC transplant program is 

unique in its use of a “home-grown” EMR system, StarPanel (53, 54). StarPanel was 

designed and built by VUMC software architects and allows a degree of customization not 

typically allowed with most vendor systems(55).

The transplant program has created note templates aligned with FACT guidelines. Thus, 

quality metrics such as immunization reminders are embedded within the routine clinical 

work-flow. Notes are customized to the phase of HCT (pre-HCT, stem cell mobilization, 

autologous HCT, allogeneic HCT, LTTC initial visit and follow-up visits). These note 

templates allow for structured collection of practice data. The templates provide mid-level 

practitioners an outline of their encounters with patients, as well as a general timeline of 

their transplant course. Electronic forms for accurate grading and staging of acute and 

chronic graft-versus-host disease are built within the EMR and notes are updated as to when 

the next evaluation is needed. Clinical trials open for relevant patients are added to the 

templates, and serve as an ongoing reminder for encouraging enrollment in clinical trials. A 

section of the notes for the long-term transplant patient is dedicated to late effects. This 

section along with laboratories and imaging, and intake data (allergies, medicine 

reconciliation, pertinent past history) are auto-imported into the clinic documentation. In this 

way, these custom notes provide passive guideline decision support and also help to organize 

care. This clinical documentation structure helps to contribute to improvement in outcomes 

(56) and helps to organize data for retrospective research by the Vanderbilt program.

 Online patient-provider messaging

The VUMC transplant program was an early adopter of online patient portal technology 

called MyHealth@Vanderbilt. (57). The online portal sends lab results, clinic summaries, 

and prescription information to patients. This portal can also support sharing of clinical 

documentation with patients in the “Open Notes” concept, which is beginning to be widely 

embraced (58, 59). Current work on MHAV is focused on “closing the loop” by allowing 

patients to report non-emergent symptoms and ambulatory device measurements directly 

into the EMR. MHAV also contains a Meaningful-Use mandated secure messaging portal by 

which patients and providers can exchange non-emergent communications. Analysis of the 

message threads demonstrates that hematologists who perform HCT were early adopters and 
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utilize portal messaging substantially more than non-transplant hematologists when 

accounting for number of providers and patient volumes (Figure 2). This indicates a 

willingness on the part of HCT patients and providers to embrace technology to improve 

communication and clinical care.

 Data warehousing

Embedded behind the VUMC EMR is a data warehouse that stores nearly all clinical data. 

The warehouse allows the creation of analytic data dashboards for ongoing operations, 

quality, and research endeavors (54, 60). In parallel to this identified data warehouse is an 

automatically de-identified data source linked to a large-scale de-identified DNA biobank 

that is used for GWAS and pharmacogenomic projects (61). The value of such informatics 

tools derived from clinical data has been described previously (62). Within the transplant 

program, standardized outcome measures are curated from the structured clinical 

documentation for additional investigative projects.

The as patient volume and regulatory reporting increase in the future, the work for providers 

and transplant data managers will increase exponentially. If the workforce for this task will 

exist is questionable, and even if it is the cost will be daunting for most transplant programs. 

Despite the ability to create custom data collection forms automated data extraction and 

submission is lacking at most centers, Vanderbilt included. Future efforts at Vanderbilt will 

include mapping structured data elements in notes to reporting data required by regulatory 

agencies.

 Five Years into the Future

The growth of the long term HCT population in the future is not going to be met with a 

commensurate increase in the number of HCT physicians. Adding further strain on the 

operation of a long-term transplant clinic are the increasing numbers of metrics and 

regulatory data that must be extracted, curated, and submitted. A new, more efficient clinical 

model of the care of the transplant patient is needed to address these challenges (Table 2). 

The future of the long term transplant clinic will incorporate multiple information 

technology solutions to make the care of transplant patients safer, more efficient, and more 

cost effective.

Driven by increased marketplace competition, future EMR designs will strive to appreciate 

the subtleties of the human-computer interface and display a more streamlined experience 

for providers, rather than the jarring alerts, pop-ups, and overrides too familiar to most 

practicing clinicians(63–65). Speech recognition and smart form completion can reduce 

documentation time. Automated guideline-based treatment plans will maintain a patient’s 

place in time in the course of their care, and provide decision support to providers. With 

improvements in decision support, some standard of care options will become automatic or 

opt-out thus reducing work and making the correct care easier to provide. Thus, the future 

care of the transplant patient will move towards smart algorithms, based on continually-

evaluated guidelines, that provide reflexive decision support for providers (26).
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Increased interoperability will allow a distributed long-term transplant clinic model that will 

move more care out of the transplant center. Efforts in allied oncology fields have already 

demonstrated the feasibility of a shared treatment plan approach across multiple 

providers(66). As the ability to communicate and share specific plans across EMRs 

increases, more routine care (such as bone density screening, thyroid function testing, and 

diabetes testing) can be provided closer to patients’ homes by their local physicians. Smart 

algorithms can provide decision support in the transplant clinic and could also determine 

which care would be best delivered locally and then communicate those recommendations to 

both the transplant physician and the local primary care physician.

 Smart phones and mHealth

The future of computing is on mobile platforms with approximately 1 in 3 persons living in 

the United States now has a “smartphone” and this number is increasing(67). This pervasive 

computing power is an opportunity for involving patients in mobile health “mHealth” and to 

a greater extent in their care (68). In the future, mobile apps will be able to link outpatients 

to the transplant clinic for reporting of symptoms, medication compliance and clinical 

messaging. The PRO-CTCAE, which is now being translated into multiple languages, will 

provide a standardized starting point for application developers to create an interoperable 

system of symptoms reporting (69).

The EMR will increase efficiency of data extraction. With an increasing number of 

outcomes to track and report, EMRs and clinical data warehouses will operate behind the 

scenes of clinical care to unobtrusively complete outcome-reporting metrics. Additionally, 

solutions specific to HCT will integrate with international registries, quality reporting 

agencies, and payers will reduce the administrative needs of transplant programs. This 

automated data collection will serve as the basis for ongoing data analytics regarding best 

practices and standard of care which will feed back into a robust rapid learning system that 

can then implement best practices.

Evaluating the impact of technological changes can be difficult, as has been described in the 

literature (reviewed in (50)). However, potential outcome metrics that would indicate the 

success of these metrics would be decreased provider documentation time, improved 

guideline adherence, or greater fidelity in registry reporting. Economic outcomes could be 

measured such as reduced cost of registry reporting, reduced duplication of tests, and less 

cost per transplant to the healthcare system. Patient-specific outcomes such as quality of life, 

relapse-free survival, and overall survival are also important but harder to demonstrate 

changes with information systems interventions. It is also possible that new evaluation 

metrics will emerge in the future to assess the impact of information system interventions.

The transplant community has been a leader in various aspects of health care including 

multidisciplinary team approach, bundled case rate, mandatory national registries, and 

requirement of accreditation and transparency of outcome data. By 2020 there may be over a 

half million transplant patients with increasing regulatory and reporting requirements, but 

without a foreseeable corresponding increase in the transplant workforce. A solution to this 

problem could be the utilization of information technology to create a safer, more efficient, 

more cost effective “next-gen” transplant clinic. In this way, the efforts of the transplant 
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team are taken away from documentation, data extraction, and inefficient communication 

and returned to caring for transplant patients. The transplant programs can lead the way to 

develop next gen clinics not only at the transplant centers, but weave them into a network of 

healthcare providers where the long-term transplant patient is the happiest: closer to home.
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Figure 1. 
Current manual data submission practices are tedious and inefficient. The process of 

documenting clinical data for submission to CIBMTR requires multiple people through 

multiple steps and several transitions from computable data to manual data and back. The 

process is inefficient and introduces greater possibilities for error. Partial solutions are 

FormsNet which allows electronic form submission, thus obviating a manual re-entry of data 

by CIBMTR staff; and A Growable Network Information System (AGNIS) which goes one 

step further and abstracts data from forms in secondary transplant software for submission to 

CIBMTR. In the future, standardized documentation will allow automated document parsing 

and data abstraction which will be automatically transmitted to reporting and registry 

databases.
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Figure 2. 
Transplant patients and providers are early adopters of online messaging technology. In the 

first three years following the implementation of online messaging, HCT providers sent 

more messages per clinic encounter (normalized for number of providers and patient 

volume) than hematologists who do not perform HCT. Reasons for this could be greater 

technological literacy of patients, more acceptances among transplant providers, higher 

acuity, or socio-demographic differences. Regardless, these data corroborates an opinion that 

HCT patients are willing to utilize technological interventions and could be early adopters of 

other interventions such as mHealth tools.
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Table 1

Challenges and Potential Solutions from the Vanderbilt Experience

Challenge Potential Solution

Increased patient volumes without
concomitant increase in provider
capacity

Well-trained nurse practitioners, closely
supervised by transplant physicians,
working through standardized
documentation with embedded
guideline-based decision support

Increased regulatory and reporting
requirements

Mapping documentation elements to
required reporting elements for
automated extraction

Long distances between many patients
and transplant center

Embracing communication solutions
such as portal messaging
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Table 2

Areas and goals of changes to bring about the next-gen long term transplant clinic. Action items are the 

authors’ proposals for starting to bring about those changes.

Area Goal Action Item

mHealth A comprehensive mobile
app for patients

Define minimum functional,
interoperable and security
requirements

Sponsor design challenge for
app designers with winner
receiving official designation
by transplant bodies

Interoperability
Transplant plans of care

accessible and actionable
across all care locations

Define standards of
documentation that are
comprehensible across
providers

Partner with PCORnet and
health information exchanges
(HIE) to provide transplant
data as use cases for (HIE)
development

Clinical decision
support (CDS)

Real-time standard of
care CDS integrated into
LTTC clinical workflows

Convert all ASBMT standard of
care guidelines into
computable logic for
integration into EMR CDS
systems

Develop API or webserver
interface for NMDP guidelines
to be used by EMR developers

Documentation
Efficiency

Streamlined efficient
documentation saves
providers time and
improves accuracy

Develop a standardized
modular documentation design
that can be implemented
across EMRs

In conjunction with mHealth
efforts and CDS efforts,
increase automatic
documentation of PROs as well
as standard of care
interventions

Data collection
Efficiency

Automated collection and
transmission of

standardized registry
data

Develop a timeline for
requiring electronic TED form
submission

Develop FHIR®-standardized
TED forms that can be created
and submitted by native EMRs.

Develop CIBMTR FHIR®
receiver for all TED forms
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