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Preface 
The Agency for Healthcare Research and Quality (AHRQ), through its Evidence-based 

Practice Centers (EPCs), sponsors the development of evidence reports and technology 
assessments to assist public- and private-sector organizations in their efforts to improve the 
quality of health care in the United States. The reports and assessments provide organizations 
with comprehensive, science-based information on common, costly medical conditions and new 
health care technologies and strategies. The EPCs systematically review the relevant scientific 
literature on topics assigned to them by AHRQ and conduct additional analyses when 
appropriate prior to developing their reports and assessments. 

An important part of evidence reports is to not only synthesize the evidence, but also to 
identify the gaps in evidence that limited the ability to answer the systematic review questions. 
AHRQ supports EPCs to work with various stakeholders to identify and prioritize the future 
research that is needed by decisionmakers. This information is provided for researchers and 
funders of research in these Future Research Needs papers. These papers are made available for 
public comment and use and may be revised. 

AHRQ expects that the EPC evidence reports and technology assessments will inform 
individual health plans, providers, and purchasers as well as the health care system as a whole by 
providing important information to help improve health care quality. The evidence reports 
undergo public comment prior to their release as a final report. 

We welcome comments on this Future Research Needs document. They may be sent by mail 
to the Task Order Officer named below at: Agency for Healthcare Research and Quality, 540 
Gaither Road, Rockville, MD 20850, or by e-mail to epc@ahrq.hhs.gov. 
 
Carolyn M. Clancy, M.D.  Jean Slutsky, P.A., M.S.P.H. 
Director  Director, Center for Outcomes and Evidence 
Agency for Healthcare Research and Quality Agency for Healthcare Research and Quality 
 
Stephanie Chang M.D., M.P.H. Elisabeth U. Kato, M.D., M.R.P.  
Director, EPC Program  Task Order Officer  
Center for Outcomes and Evidence Center for Outcomes and Evidence 
Agency for Healthcare Research and Quality Agency for Healthcare Research and Quality 
 



 

iv 

Acknowledgments 
The authors gratefully acknowledge the stakeholders for their contributions to this project. 

Broad expertise and perspectives are sought. Divergent and conflicted opinions are common and 
perceived as healthy scientific discourse that results in a thoughtful, relevant report. Therefore, in 
the end, study questions, design and/or methodologic approaches do not necessarily represent the 
views of individual stakeholder panel participants.  

The authors would like to thank Ramon C. Iovin, Ph.D., who served as the medical editor for 
this report, and Lina Kong Win Chang, B.S., who provided administrative support. 

Contributors 
Ali K. Abu-Alfa M.D., FASN 
American University of Beirut 
New Haven, CT 
 
Jeffrey Berns, M.D. 
Hospital of the University of Pennsylvania 
Philadelphia, PA 
 
James D. Chambers, Ph.D., MPharm, M.Sc. 
Tufts Medical Center  
Boston, MA 
 
Michael F. Flessner, M.D., Ph.D.  
National Institutes of Health 
Bethesda, MD 
 
Ameet R. Kini, M.D., Ph.D. 
Loyola University  
Chicago, IL  
 

Elizabeth A. Koller, M.D. 
Centers for Medicare & Medicaid Services 
Baltimore, MD 
 
Celeste C. Lee 
National Kidney Foundation 
Ann Arbor, MI 
 
Poonhar Poon, M.S., R.D. 
Tufts Medical Center 
Boston, MA 
 
Kimberly Smith, M.D., M.S. 
Centers for Medicare and Medicaid Services 
Baltimore, MD 
 
Melissa Threlkeld, M.H.A., FACHE 
National Kidney Foundation 
Austin, TX 
 



 

v 

Contents 
Executive Summary ................................................................................................................ ES-1 
Background ................................................................................................................................... 1 

Context ...................................................................................................................................... 1 
Scope of Comparative Effectiveness Review ........................................................................... 2 

Key Question 1 (Overarching Question) ............................................................................ 3 
Key Question 2 ................................................................................................................... 3 
Key Question 3 ................................................................................................................... 3 
Key Question 4 ................................................................................................................... 3 

Comparative Effectiveness Review Findings ........................................................................... 4 
Identification of Evidence Gaps................................................................................................ 6 
Analytic Framework ................................................................................................................. 8 

Methods ........................................................................................................................................ 10 
Identification of Evidence Gaps.............................................................................................. 10 
Criteria for Prioritization......................................................................................................... 10 
Engagement of Stakeholders, Researchers, and Funders........................................................ 10 
Research Question Development and Research Design Considerations ................................ 13 

Results .......................................................................................................................................... 14 
Research Needs ....................................................................................................................... 14 

High-Priority Future Research Needs Topic 1.................................................................. 15 
High-Priority Future Research Needs Topic 2.................................................................. 18 
High-Priority Future Research Needs Topic 3.................................................................. 19 
High-Priority Future Research Needs Topic 4.................................................................. 21 
High-Priority Future Research Needs Topic 5.................................................................. 23 

Discussion..................................................................................................................................... 25 
Challenges ............................................................................................................................... 25 
Out-of-Scope Frequent Research Needs Topics ..................................................................... 25 

Conclusions .................................................................................................................................. 27 
References .....................................................................................................................................28 
Abbreviations ...............................................................................................................................31 

Tables 
Table A. Research gaps and suggestions for future research .................................................... ES-3 
Table B. Top five Future Research Needs as indicated by participating stakeholders ............. ES-6 
Table 1. Strength of evidence addressing Key Questions ............................................................... 5 
Table 2. Research gaps and suggestions for future research .......................................................... 7 
Table 3. List of predetermined target stakeholders ....................................................................... 12 
Table 4. List of participating stakeholders .................................................................................... 14 
Table 5. Nominated topics for Future Research Needs  ............................................................... 15 
Table 6. Topics outside scope of Future Research Needs project ................................................ 26 

Figures 
Figure 1. Analytic framework ......................................................................................................... 9 
 
  



 

vi 

Appendixes 
Appendix A. Future Research Needs Process 
Appendix B. Effective Health Care Program Selection Criteria 
Appendix C. Yield of Ongoing Studies



 

ES-1 

Executive Summary 
Background 

Anemia is a common complication of chronic kidney disease (CKD). The management of 
anemia in CKD patients must strike an appropriate balance between stimulating generation of 
erythroblasts (erythropoiesis) and maintaining sufficient iron levels for optimum hemoglobin 
(Hb) production.1

Classical iron status tests, of which ferritin and transferrin saturation (TSAT) are the most 
widely used, exhibit large biological variability in the context of underlying inflammation of 
CKD.

 As such, it is important to assess iron stores and the availability of iron for 
erythropoiesis, as adequate iron status is integral to both iron and anemia managements in CKD 
patients.  

2-4

The Tufts Evidence-based Practice Center (EPC) conducted a Comparative Effectiveness 
Review (CER) to systematically evaluate studies that examined the impact on patient-centered 
outcomes of using the newer laboratory biomarkers as a replacement for or as an add-on to 
classical laboratory biomarkers of iron status for assessing iron status and the management of 
iron deficiency in adult and pediatric CKD patients (nondialysis and dialysis).

 The accurate assessment of iron status is dependent on the validity and reliability of 
laboratory test results, and differences in test performance pose a dilemma regarding the most 
appropriate test to guide treatment decisions. Several novel biomarkers of iron status have been 
proposed as alternatives to the classical iron status tests. These include hemoglobin content of 
reticulocytes (CHr), reticulocyte hemoglobin equivalent (RetHe), percentage of hypochromic 
erythrocytes (%HYPO), erythrocyte zinc protoporphyrin (ZPP), soluble transferrin receptor 
(sTfR), and hepcidin. In addition, Superconducting Quantum Interference Devices (SQUIDs) are 
an alternative non-invasive means for detecting and quantifying liver iron content, via the 
paramagnetic properties of iron (magnetic resonance diminishes in the liver as iron concentration 
increases). 

5

Key Question 1 (Overarching Question) 

 The Key 
Questions for the CER are presented below: 

What is the impact on patient centered outcomes of using the newera laboratory biomarkers 
as a replacement for or an add-on to the older (classical) laboratory biomarkers of iron statusb

Key Question 2 

 for 
assessing iron status and management of iron deficiency in stages 3-5 CKD patients (nondialysis 
and dialysis), and in patients with a kidney transplant? 

What is the test performance of newer markers of iron status as a replacement for or an add-
on to the older markers in stages 3-5 CKD patients nondialysis and dialysis, and in patients with 
a kidney transplant? 

a. What reference standards are used for the diagnosis of iron status in studies evaluating 
test performance?  

                                                 
a Newer laboratory biomarkers: content of Hb in reticulocytes, percentage of hypochromic red blood cells, 
erythrocyte zinc protoporphyrin, soluble transferrin receptor, hepcidin, and superconducting quantum interference 
devices. 
b Older laboratory biomarkers: bone marrow iron stores, serum iron, transferrin saturation, iron-binding capacity, 
and ferritin. 
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b. What are the adverse effects or harms associated with testing using newer and/or older 
markers of iron status? 

Key Question 3 
In stages 3–5 nondialysis and dialysis CKD patients with iron deficiency, what is the impact 

of managing iron status based on newer laboratory biomarkers either alone or in addition to older 
laboratory biomarkers on intermediate outcomes (e.g., improvement in Hb levels, dose of 
erythropoiesis-stimulating agents, time in target Hb range), compared with managing iron status 
based on older laboratory biomarkers alone? 

a. What are the adverse effects or harms associated with the treatments guided by tests of 
iron status?  

Key Question 4 
What factors affect the test performance and clinical utility of newer markers of iron status, 

either alone or in addition to older laboratory biomarkers, in stages 3-5 (nondialysis and dialysis) 
CKD patients with iron deficiency?  

Combining the evidence addressing Key Questions 2, 3, and 4, the CER concluded that there 
is currently insufficient data to determine if most newer laboratory biomarkers of iron status are 
better than classical markers for predicting iron deficiency as defined by a response to an iron 
challenge test. However, it may be that CHr and %HYPO have better predictive ability for a 
response to intravenous (IV) iron treatment than classical markers (TSAT <20% or ferritin <100 
ng/mL) in HD CKD patients. In addition, results from two randomized controlled trials (RCTs) 
showed a reduction in the number of iron status tests and resulting IV iron treatments 
administered to patients whose iron management was guided by CHr, compared with those 
guided by TSAT or ferritin. These results suggest that CHr may reduce potential harms from IV 
iron treatment by lowering the frequency of iron testing; however, the evidence for the potential 
harms associated with testing or test-associated treatment is insufficient. 

Nevertheless, the strength of evidence supporting these conclusions is low and there remains 
considerable clinical uncertainty regarding the use of newer markers in the assessment of iron 
status and the management of iron deficiency in stages 3-5 CKD patients (both nondialysis and 
dialysis). In addition, factors that may affect the test performance and clinical utility of newer 
laboratory markers of iron status remain largely unexamined. 

Table A summarizes the evidence gaps identified in the CER. One major evidence gap 
concerns the dearth of pediatric studies. Addressing this gap would require a specially-composed 
stakeholder group for determining specific Future Research Needs (FRN). For this reason, the 
current FRN project is focused on adult CKD patients (nondialysis and dialysis). 
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Table A. Research gaps and suggestions for future research 
Key Questions Research Gaps 

Key Question 1 (overarching 
question). What is the impact on 
patient centered outcomes of 
using the newer laboratory 
biomarkersa

No studies were found that provided data directly addressing our overarching 
question regarding the impact of using newer laboratory biomarkers on patient-
centered outcomes (e.g., mortality, morbidity, quality of life, and adverse 
effects).   as a replacement for 

or an add-on to the older 
laboratory biomarkers of iron 
status for assessing iron status 
and management of iron 
deficiency? 

 
All gaps described in Key Questions 2, 3, and 4 are applicable to this 
overarching question. 

Key Question 2. What is the 
diagnostic test accuracy of newer 
markers of iron status as a 
replacement for or an add-on to 
classical laboratory markers? 
    

2a. What reference standards 
are used for the diagnosis of iron 
status in studies evaluating test 
accuracy? 
    

2b. What are the adverse 
effects or harms associated with 
testing using newer and/or older 
markers of iron status? 

Populations:  
• Insufficient evidence in adult PD CKD and ND CKD patients. 
• Whether test performance and clinical utility of newer or classical markers of 

iron status vary by different CKD populations is unknown. 
Interventions and comparators:  
• Insufficient evidence for the test performance of newer markers of iron status 

as an add-on to older markers.  
Outcomes:  
• There is a lack of a generally accepted reference standard test for 

determining iron deficiency in the setting of CKD.
• A small percentage (26%) of the identified studies reported information on 

harms, and most studies did not attribute harms to either testing or 
treatment. 

1 

Study Design Issues:  
• Many existing studies are at a high risk of bias due to lack of demographic 

details of study populations and blinding of the diagnosis or patient 
characteristics. These biases limit studies’ utility in informing clinical practice. 

• Existing studies were underpowered, leading to imprecise estimates. 

Key Question 3. What is the 
impact of managing iron status 
based on newer laboratory 
biomarkers either alone or in 
addition to older laboratory 
biomarkers on intermediate 
outcomes? 
 
   3a. What are the adverse effects 
or harms associated with the 
treatments guided by tests of iron 
status? 

Populations:  
• Insufficient evidence in adult PD CKD and ND CKD patients. 
Interventions and comparators:  
• There are no uniform iron management algorithms or test-and-treat 

protocols across studies. 
• There are a lack of studies with longer followup durations; existing short-

term RCTs had a followup duration less than 6 months.  
• No study compared iron management guided by classical markers with that 

of newer markers (%HYPO, sTfR, RetHe, ZPP, or hepcidin), except for CHr. 
Outcomes:  
• The two RCTs showed different findings regarding the dose of epoetin 

required to maintain the Hct target as the primary outcome, possibly due to 
differences in the Hct targets (an indication for the adequacy of anemia 
management). Thus, the findings from the two RCTs could not be combined 
together. Important intermediate outcomes suggested by the experts 
include: 
o Increase in Hb or hematocrit, or more consistent maintenance of Hb or 

hematocrit within the desired range 
o Use of ESA for maintenance of Hb within the desired range (stable 

dose in contrast to escalating dose resulting in net decreased ESA 
dose in hyporesponsive patients or actual decreased ESA dose in 
relatively responsive patients)  

o Adverse effects or harms associated with different management 
strategies 



 

ES-4 

Table A. Research gaps and suggestions for future research (continued) 
Key Questions Research Gaps 

Key Question 4. What factors 
affect the test performance and 
clinical utility of newer markers of 
iron status? 

• Insufficient evidence to draw conclusions regarding factors that may affect 
the test performance or clinical utility of laboratory markers of iron status. 
Important factors suggested by the experts include: 
o Biological variation in diagnostic indices 
o Use of different diagnostic reference standards 
o Type of dialysis (i.e., peritoneal or hemodialysis) 
o Patient subgroups (i.e., age, sex, comorbid conditions, erythropoiesis-

stimulating agent resistance, protein energy malnutrition secondary to 
an inflammatory state, hemoglobinopathies [e.g., thalessemia and 
sickle cell anemia]) 

o Route of iron administration (i.e., oral or intravenous) 
o Treatment regimen (i.e., repletion or continuous treatment) 
o Interactions between treatments (i.e., patients treated with vs. without 

ESA, patients treated with vs. without iron-replacement therapy) 
• All gaps described in Key Questions 2 and 3 are also applicable here. 

Abbreviations: CHr = Hb content of reticulocytes; CKD = chronic kidney disease; ESA = erythropoiesis-stimulating agent; 
HB = hemoglobin; Hct = hematocrit; %HYPO = percentage of hypochromic erythrocytes; ND = nondialysis; PD = peritoneal 
dialysis; RCT = randomized controlled trial; RetHe = Reticulocyte hemoglobin equivalent; sTfR = soluble transferrin receptor;  
TSAT = transferrin saturation; ZPP = erythrocyte zinc protoporphyrin 

Methods 

Identification of Evidence Gaps 
As the original authors of the CER, we generated the initial list of FRN topics based on the 

Research Needs section of the report, and then organized the list of evidence gaps by Key 
Question and PICOD (Population, Intervention, Comparator, Outcomes, and study Design) 
element. We then used an iterative process to identify additional FRN topics through Webinars 
and email correspondence with a stakeholder panel. The nominated topics were evaluated by 
EPC program staff to determine whether the nominated topics were related to one of the Key 
Questions of the CER or not. In general, nominated topics were deemed out-of-scope if the state 
of the evidence was not rigorously assessed as part of the CER. These out-of-scope topics were 
not entered to the final list of potential topics, but were rather enumerated in the Discussion of 
this report. We asked the stakeholder panel to prioritize the FRN topics following a formalized 
schema of prioritization criteria.  

Criteria for Prioritization 
Stakeholders (described in the next section) were asked to consider four dimensions of need 

as outlined in the Effective Health Care Program Selection Criteria: Importance, Desirability of 
Research/ Avoidance of Unnecessary Duplication, Feasibility, and Potential Impact.  

Engagement of Stakeholders, Researchers, and Funders 
To form the Stakeholder panel, we adapted a Tufts-developed “7Ps” model of stakeholder 

engagement,6 which identifies seven primary stakeholder categories: Patients and the Public, 
Providers, Purchasers, Payers, Policymakers, Principal investigators, and Product makers. These 
categories are not necessarily mutually exclusive, and one stakeholder may belong to more than 
one category. For this study, product makers and purchasers were not included. Stakeholders 
were contacted by email with a brief description of the project and its purpose, a formal 
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invitation to serve as a stakeholder, and the executive summary of the original CER. Once their 
participation was confirmed, we sent additional materials to orient stakeholders including the 
Future Research Needs section of the original CER and a proposed outline for this project. 

The first round of Webinars was held in June 2012. In these Webinars, we reviewed the 
purpose and processes of this project. We then reviewed the research gaps identified in the CER, 
and explained the criteria for prioritization. After this orientation, the stakeholders were asked to 
identify additional FRN topics of interest to them and to discuss their or others’ suggested topics, 
the supporting rationale, or related research challenges. Topics nominated by stakeholders were 
incorporated into the topic list along with their supporting rationale, which we condensed from 
the discussion and subsequent emails. We combined duplicate or similar FRN topics together 
and disseminated the revised list of topics, along with minutes from all the Webinars, with an 
invitation to comment on the nominated topics and supporting rationales.  

We held the second round of Webinars in late June and early July of 2012, during which we 
reviewed the refined list of nominated topics. Stakeholders were asked if their nominations were 
appropriately captured and accounted for, and were provided the opportunity to participate in 
further discussion.  

Following this second round, we further edited the topic list based on stakeholder rationale. 
The finalized topic prioritization form and the minutes from the second set of webinars were sent 
to each stakeholder. Stakeholders were asked to review the minutes for accuracy and in order to 
hear the perspectives of others, and then to identify their top five priority topics along with 
corresponding justification for each topic based upon the Agency for Healthcare Research and 
Quality’s (AHRQ’s) Effective Health Care Program Selection Criteria. The five topics with the 
highest number of stakeholder endorsements were designated as the prioritized FRN. 

Research Question Development and Research Design 
Considerations 

We transformed the final list of FRN topics into research questions using standard PICOD 
criteria. (Stakeholders were not utilized during this process.) We discussed various alternatives 
for future research efforts aimed at answering each question, specifically considering the 
feasibility of addressing the potential research questions with respect to sample size, the time 
required, recruitment, and possible ethical concerns. In particular, we evaluated the advantages 
and disadvantages of various potential research designs with regards to:  

Results 
Based on the CER’s Future Research section and our discussion with stakeholders, 17 Future 

Research Needs topics were nominated. We considered the five topics with endorsement by at 
least fifty percent of the nine voting stakeholders as the highest priority FRN topics. The topics 
chosen as the highest priority Future Research Needs are listed in Table B. 
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Table B. Top five Future Research Needs as indicated by participating stakeholders* 
Topic Topic Description 

1 What is the best reference standard for diagnosing (absolute or functional) iron deficiency in CKD 
patients?  

2 What is the diagnostic accuracy of newer markers of iron status as a replacement for, or an add-on to, 
classical lab markers in diagnosing absolute iron deficiency? 

3 What is the diagnostic accuracy of newer markers of iron status as a replacement for, or an add-on to, 
classical lab markers in diagnosing functional iron deficiency? 

4 Which is the best marker to monitor the response to therapy and repletion status? 

5 What is the best biomarker to monitor iron overload as an adverse event resulting from treatment of iron 
deficiency? 

*Prioritized topics (1–5) are ordered logically by clinical content. 

Nomination of FRN Topic 1 highlights the current lack of a well-accepted reference standard 
for diagnosing iron deficiency in CKD patients, which is consistent with the findings of our 
CER. To compare the test performance among medical tests, a common reference standard is 
needed. When studies use different definitions of a reference standard, the results cannot be 
compared or “summed up” across studies. Without using the same definition of reference 
standard, conducting more studies on the test performance of existing or new medical test is 
unlikely to build up the body of evidence and therefore impact current practice.  

Based on stakeholder discussion, it appears that iron staining of a bone marrow biopsy 
specimen is widely regarded as the “gold standard” for the diagnosis of (absolute) iron-deficient 
anemia, although this viewpoint is not universally accepted in the setting of CKD. Bone marrow 
iron may have limited clinical use due to the risks of infection or bleeding at the biopsy site. 
Despite these limitations, a bone marrow biopsy remains the most accurate measure that reflects 
stored iron, and thus should be used to define absolute iron deficiency. On the other hand, there 
is currently lack of a well-accepted reference standard for functional deficiency. Thus, we 
suggest that an expert panel be convened to standardize the definition for functional iron 
deficiency and determine which definition should be considered the preferred reference standard 
for diagnosing functional deficiency. The panel should also assess which intermediate outcomes 
(e.g., erythropoiesis-stimulating agent [ESA] or iron treatment dosages) or test characteristics 
(e.g., test availability/accessibility, cost) are appropriate to consider in determining the ideal 
definition for functional iron deficiency. In addition to representatives from all stakeholder 
categories, this panel should specifically include authoritative bodies and major professional 
organizations with relevant interests in iron deficiency, using a process similar to that used by the 
Centers for Disease Control and Prevention (CDC) Lipid Standardization Program 
(www.cdc.gov/labstandards/lsp.html). 

FRN Topic 2 was Key Question 2 in the original CER. Although we did find studies 
comparing classical and newer tests for diagnosing absolute iron deficiency, they used classical 
laboratory biomarkers (alone or in combination with each other) as the reference standard for 
iron deficiency, essentially measuring the concordance between classical and newer biomarkers 
of iron status. Thus, we were unable to answer the question. We suggest that future research on 
this topic follow a prospective cohort design, as such studies would allow for multiple tests to be 
compared all together and potential biases could be minimized. In addition, depletion of bone 
marrow iron should be used as the reference standard for absolute iron deficiency, as iron 
staining of a bone marrow biopsy specimen is considered the most accurate measure that reflects 
stored iron. However, we expect that it will be difficult to recruit patients for such studies, 
because bone marrow aspiration is painful and poses risks to some patients. 
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FRN Topic 3 was also part of Key Question 2 in the original CER. Based on our post-hoc 
observation of this body of literature, we found that current studies often used a response to 
intravenous (IV) iron treatment as the reference standard for functional iron deficiency. 
However, there was no uniform regimen of IV iron in terms of dosage and iron formulation. 
There was also a wide range of durations of IV iron treatment across studies. These variations in 
the reference standards in the published studies resulted in incomparable study results, and 
limited the strength of body of evidence. Therefore we suggest that it is vital to establish a 
preferred reference standard for functional iron deficiency (also see FRN Topic 1), before future 
research on this topic go forward. Future research on this topic should use the same reference 
standard, in order to grow the body of evidence on this important research question in a manner 
amenable to systematic review and meta-analysis, to compare results across studies.   

Similar to FRN Topic 2, we also suggest that future research on this topic also utilize a 
prospective cohort design, and the agreed upon (by the consensus expert panel) definition should 
be used as the reference standard for diagnosing functional iron deficiency. If the reference 
standard for functional iron deficiency is defined by a response to ESA or iron treatment, a 
sufficient washout period (at least 4 weeks) is needed to stop ESA and iron treatment before 
ascertainment of the baseline test measurements. Stopping treatment may not be feasible for 
some clinical settings. In this case, studies should recruit only CKD patients who did not receive 
ESA and iron treatment within 1 month before baseline test measurements. 

Our CER did not directly address FRN Topics 4 and 5, so we suggest that as a first step, prior 
to conducting new research studies on these topics, an expert panel be convened to determine 
and prioritize the elements needed for design future research on these topics (such as which 
biomarkers and outcomes are appropriate and relevant to consider in determining an ideal marker 
to monitor response to therapy and repletion status, or monitoring iron overload). We noted that 
markers that can separate cell hemoglobinization from cell production would provide researchers 
a better chance of understanding the underlying mechanism, potentially enabling better targeted 
treatments and therefore better managed anemia. Markers that have specificity to responses 
related to ESA or iron delivery would be optimal.  

In terms of the expert panel composition, to balance viewpoints the panel should specifically 
include clinical chemists and hematologists. Following identification of the most appropriate 
biomarkers by the expert panel and determination of a reference standard, prospective cohort 
studies with consecutive CKD patients are again, as in our previous suggestions, the ideal study 
design that should be conducted for future research on these topics. Moreover, future research on 
these topics should assess clinical or patient-centered outcomes. 

Discussion 
The prioritization of topics for future research is a stakeholder-driven process. Our 

stakeholder panel represented a broad range of perspectives, from a well-informed patient 
advocate to clinical experts and policy makers. However, our stakeholder panel is unlikely to 
represent all perspectives because we did not use formal sampling methods to select our 
stakeholder members. The process of engagement though multiple teleconferences enabled us to 
get a well-rounded perspective; and we believe that the process of sharing the minutes of the 
discussions with all stakeholders enabled them to appreciate one another’s viewpoints. We were 
able to obtain input from all members of the stakeholder panel, and the final list showed a clear 
preference for the top five priorities.  
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There are several challenges for designing future research on the priority topics. The ideal 
study design and sampling populations would vary depending on the purpose of using a medical 
test (e.g., screening, diagnosis, prognosis, monitoring, etc.), in order to maximize the internal and 
external validity of a study. One of the challenges in the current FRN project is that an iron status 
test can be used for the purposes of screening, diagnosis, and/or monitoring for iron deficiency 
anemia in CKD patients. However, the same iron status tests can be used for the purposes of 
diagnosis and monitoring without considering the biases in interpretations of test results that are 
highly likely in these instances. Another challenge is that patients’ iron status can change 
spontaneously (due to changes in diet, or due to unrelated metabolic and inflammatory 
conditions) or due to the treatment received. Therefore, it is important to control for these 
confounding factors in future research studies, which will require large sample sizes to reach 
sufficient statistical power. 

Conclusions 
Our CER and FRN stakeholder discussions pointed out the top future research gaps, and 

highlighted the great deal of confusion/uncertainty in using newer and/or classical laboratory 
biomarkers of iron status for the purposes of the diagnosis or monitoring of iron deficiency 
anemia in CKD patients. The chief factor causing this confusion and uncertainty is the lack of a 
well-accepted reference standard for iron deficiency anemia. The most effective first step would 
be to establish a common reference standard for iron deficiency anemia, considering two 
separate and distinct definitions: absolute versus functional iron deficiency. The ideal reference 
standard should be independent of the index tests and test-directed treatment to maximize the 
internal validity of study results. 
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Background 
Context 

Anemia is a common complication of chronic kidney disease (CKD), which develops early in 
the course of CKD and becomes increasingly severe as kidney function deteriorates.1

The management of anemia in CKD patients must strike an appropriate balance between 
stimulating generation of erythroblasts (erythropoiesis) and maintaining sufficient iron levels for 
optimum Hb production.

 Iron 
deficiency anemia is a continuous process evolving in three stages. The first phase is the 
depletion of storage iron (stage I), where total body iron is decreased but hemoglobin (Hb) 
synthesis and red cell indices remain unaffected. Both these indices change when the supply of 
iron to bone marrow becomes problematic (iron deficient erythropoiesis, or stage II). In stage III 
the iron supply is insufficient to maintain a normal Hb concentration, and eventually iron 
deficiency anemia develops. 

2 It is important to assess iron stores and the availability of iron for 
erythropoiesis, as adequate iron status is integral to both iron and anemia management in CKD 
patients. The major cause of iron deficiency is blood loss, particularly for dialysis patients. 
Dialysis patients are in a state of continuous iron loss from gastrointestinal bleeding (very 
common), blood drawing, and/or, most importantly, with hemodialysis, the dialysis treatment 
itself. A CKD patient who receives treatment with erythropoietic-stimulating agents (ESAs) for 
the anemia often develops iron deficiency, because the iron requirements for achieving a 
response to ESA treatment usually cannot be met by mobilization of the patient’s iron stores 
alone. Therefore, supplemental iron therapy, either given orally or intravenously, is often needed 
among dialysis patients who receive recombinant human erythropoietin (EPO) or darbepoetin 
alfa treatment.1

Classical iron status tests, of which ferritin and transferring saturation (TSAT) are the most 
widely used, reflect either the level of iron in tissue stores or the adequacy of iron for 
erythropoiesis. Though widely used, classical laboratory biomarkers of iron status are not 
without drawbacks when used in CKD patients: CKD is a pro-inflammatory state, and the 
biological variability of serum iron, transferrin saturation, and ferritin is known to be large in the 
context of underlying inflammation.

 Thus, iron management (iron status assessment and iron treatment) is an essential 
part of the treatment of anemia associated with CKD, as there are concerns regarding the adverse 
effects associated with both elevated doses of ESAs and supplemental (intravenous or oral) iron.  

3-5 Furthermore, results from a meta-analysis of 55 studies 
(published before 1990) showed that ferritin radioimmunoassay was the most powerful test (a 
mean area under the receiver operating characteristic curve of 0.95; 95% CI 0.94, 0.96), 
compared with mean cell volume determination, TSAT, and red cell volume distribution, for 
diagnosing adult patients with iron deficiency, but test performances varied between patients 
with and those without inflammatory (e.g., CKD patients) or liver disease.6

In an attempt to find a more accurate and reliable test, several novel biomarkers of iron status 
have been proposed:  

 The accurate 
assessment of iron status is dependent on the validity and reliability of laboratory test results, and 
differences in test performance pose a dilemma regarding the most appropriate test to guide 
treatment decisions. 

• The Hb content of reticulocytes (CHr)/Reticulocyte hemoglobin equivalent (RetHe). 
CHr and RetHe measurements are functionally equivalent,7 but the two measurements are 
performed by different analyzers. CHr/RetHe, which examines both the precursors and 
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mature red cells, provides an opportunity to detect and monitor acute and chronic changes 
in cellular hemoglobin status. CHr/RetHe measurement is a function of the amount of 
iron in the bone marrow that is available for incorporation into reticulocytes (immature 
red blood cells);8

• The percentage of hypochromic erythrocytes (%HYPO). %HYPO is a measurement 
of Hb in red blood cell (RBC), which factors in the absolute Hb content as well as the 
size of the RBC.

 decreased levels of CHr/RetHe indicate iron deficiency.  

9

• Erythrocyte zinc protoporphyrin (ZPP). ZPP is a measure of iron incorporation in 
heme. When iron levels are low, zinc is used instead of iron in the formation of heme, a 
protein component of Hb. As a result, ZPP levels increase, indicating iron deficiency.

 This can be used to measure functional iron deficiency. If iron supply is 
low in the face of ESA therapy, then there is lesser amount of Hb being incorporated into 
each RBC, and as a result, %HYPO levels are high.  

• Soluble transferrin receptor (sTfR). sTfR measures the availability of iron in the bone 
marrow. When the bone marrow is stimulated by ESAs, it results in increased expression 
of transferrin receptors on the surface of erythroblasts, the precursors of RBC. If iron 
supply is low, then levels of transferrin containing iron are low, and there is a mismatch 
between the numbers of transferrin receptors and the transferrin-iron complexes to bind 
with them. Some of the transferrin receptors which are not bound by iron-containing 
transferrin then get detached and can be detected in the blood. Increased concentration of 
sTfRs in the blood is an indicator of iron deficiency.  

10 

• Hepcidin. Hepcidin is a peptide produced by the liver that regulates both iron absorption 
in the intestine as well as release of iron from macrophages. Increased levels of hepcidin 
have indeed been associated with a decrease in available iron.11

• Superconducting Quantum Interference Devices (SQUIDs) are a non-invasive method for 
the detection and quantification of liver iron content.

  

12

Scope of Comparative Effectiveness Review 

 They operate by exploiting the 
paramagnetic properties of iron: magnetic resonance diminishes in the liver as iron 
concentration increases. 

Although a number of international guidelines have examined the use of both classical and 
new serum iron biomarkers, their recommendations differ.1,2,13 In view of the considerable 
clinical uncertainty, the high biological variability associated with laboratory biomarkers, and the 
need for frequent assessment to guide treatment with ESAs, a systematic review of the relevant 
literature was deemed to be a priority. In order to address this knowledge gap, the Tufts 
Evidence-based Practice Center (EPC) conducted a Comparative Effectiveness Review (CER) to 
systematically evaluate the impact on patient-centered outcomes of using newer laboratory 
biomarkersa as a replacement for or as an add-on to older laboratory biomarkers of iron statusb 
for assessing iron status and the management of iron deficiency in adult and pediatric CKD 
patients (nondialysis and dialysis).14

                                                 
a Newer laboratory biomarkers: content of Hb in reticulocytes, percentage of hypochromic red blood cells, 
erythrocyte zinc protoporphyrin, soluble transferrin receptor, hepcidin, and superconducting quantum interference 
devices. 

 Although studies that assess the overall impact of these tests 
on the clinical management process would provide the most direct evidence for this CER, they 
are often challenging or unfeasible to conduct due to the high patient and resource requirements. 

b Older laboratory biomarkers: bone marrow iron stores, serum iron, transferrin saturation, iron-binding capacity, 
and ferritin. 
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Because it was expected that little such evidence would be found, the question of overall impact 
(Key Question 1; see below for full descriptions of all Key Questions) was broken out into three 
component Key Questions (Key Questions 2 to 4). Combining evidence that addresses these 
three component Key Questions could thus inform the conclusions for the review’s primary, 
overarching question (Key Question 1).  

Key Question 1 (Overarching Question) 
What is the impact on patient centered outcomes of using the newer laboratory biomarkers 

Key Question 2 

as 
a replacement for or an add-on to the older laboratory biomarkers of iron status for assessing iron 
status and management of iron deficiency in stages 3-5 CKD patients (nondialysis and dialysis), 
and in patients with a kidney transplant? 

What is the test performance of newer markers of iron status as a replacement for or an add-
on to the older markers in stages 3-5 CKD patients nondialysis and dialysis, and in patients with 
a kidney transplant? 

a. What reference standards are used for the diagnosis of iron status in studies evaluating 
test performance?  

b. What are the adverse effects or harms associated with testing using newer and/or older 
markers of iron status? 

Key Question 3 
In stages 3–5 nondialysis and dialysis CKD patients with iron deficiency, what is the impact 

of managing iron status based on newer laboratory biomarkers either alone or in addition to older 
laboratory biomarkers on intermediate outcomes (e.g., improvement in Hb levels, dose of 
erythropoiesis-stimulating agents, time in target Hb range), compared with managing iron status 
based on older laboratory biomarkers alone? 

a. What are the adverse effects or harms associated with the treatments guided by tests of 
iron status?  

Key Question 4 
What factors affect the test performance and clinical utility of newer markers of iron status, 

either alone or in addition to older laboratory biomarkers, in stages 3-5 (nondialysis and dialysis) 
CKD patients with iron deficiency? For example: 

• Biological variation in diagnostic indices 
• Use of different diagnostic reference standards 
• Type of dialysis (i.e., peritoneal or hemodialysis) 
• Patient subgroups (i.e., age, sex, comorbid conditions, erythropoiesis-stimulating agent 

resistance, protein energy malnutrition secondary to an inflammatory state, 
hemoglobinopathies [e.g., thalessemia and sickle cell anemia]) 

• Route of iron administration (i.e., oral or intravenous) 
• Treatment regimen (i.e., repletion or continuous treatment) 
• Interactions between treatments (i.e., patients treated with versus without ESA, patients 

treated with vs. without iron-replacement therapy) 
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• Other factors (based on additional information in the reviewed papers) 
 
Each question had specific criteria for study inclusion based on the population, intervention, 

comparator, outcomes, and study design. Population criteria included studies in both adults and 
children with stage 3, 4, or 5 CKD; patients with CKD undergoing dialysis (hemodialysis [HD] 
or peritoneal dialysis [PD]); and patients with a kidney transplant. For interventions, eligible 
studies were those involving newer laboratory biomarkers to diagnose and manage iron 
deficiency either as a replacement for classical markers or in addition to classical biomarkers. 
For comparators, eligible studies were those involving older laboratory biomarkers to diagnose 
and manage iron deficiency. We were interested in both patient-centered outcomes (such as 
mortality and morbidity [e.g., cardiac or liver toxicity and infection], quality of life, and adverse 
events or harms) and intermediate outcomes (such as improvement in Hb levels, dose of 
erythropoiesis-stimulating agents, and time in target Hb range). 

Comparative Effectiveness Review Findings 
A total of 30 articles met the study eligibility criteria, based on the populations, tests, and 

outcomes of interest, including one Polish- and one Japanese-language publication. Twenty 
seven articles reported data on the test performance of newer markers of iron status compared 
with classical markers (Key Question 2);7,15-40 two reported intermediate outcomes comparing 
iron management guided by newer laboratory markers with iron management guided by classical 
markers (Key Question 3);39,41 and three (in two articles) reported data on factors affecting test 
performance comparing newer with classical laboratory markers of iron status (Key Question 
4).42,43

Combining the evidence addressing Key Questions 2, 3, and 4, it was concluded that there is 
insufficient data to determine if most newer laboratory biomarkers of iron status are better than 
classical markers for predicting iron deficiency as defined by a response to iron challenge test. 
However, it may be that CHr and %HYPO have better predictive ability for a response to 
intravenous (IV) iron treatment than classical markers (TSAT <20% or ferritin <100 ng/mL) in 
HD CKD patients. In addition, results from two randomized controlled trials (RCTs) showed a 
reduction in the number of iron status tests and resulting IV iron treatments administered to 
patients whose iron management was guided by CHr compared with those guided by TSAT or 
ferritin. These results suggest that CHr may reduce potential harms from IV iron treatment by 
lowering the frequency of iron testing, although the evidence for the potential harms associated 
with testing or test-associated treatment is insufficient. 

 Most studies enrolled only adult CKD patients undergoing HD. The main findings of this 
CER are presented in Table 1. 

Nevertheless, the strength of evidence supporting these conclusions is low and there remains 
considerable clinical uncertainty regarding the use of newer markers in the assessment of iron 
status and management of iron deficiency in stages 3-5 CKD patients (both nondialysis and 
dialysis). In addition, factors that may affect the test performance and clinical utility of newer 
laboratory markers of iron status remain largely unexamined. 
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Table 1. Strength of evidence addressing Key Questions 
Key Questions Strength of 

Evidence Summary, Comments, and Conclusions 

Key Question 2. 
What is the 
diagnostic test 
accuracy of newer 
markers of iron 
status as a 
replacement for or 
an add-on to 
classical laboratory 
markers? 

Low / 
Insufficient 
(depending 
on the test 
comparisons, 
study 
populations, 
or test 
performance 
outcomes) 

• Among adult HD CKD patients, there is a low level of evidence that: 
o CHr has similar or better overall test accuracy compared with TSAT 

or ferritin to predict a response to IV iron treatment. Data from a few 
studies suggest that CHr (with cutoff values of <27 or <28 pg) has 
better sensitivity and specificity to predict iron deficiency than 
classical markers (TSAT <20 or ferritin <100 ng/mL). 

o %HYPO has similar or better overall test accuracy compared with 
TSAT, and better overall test accuracy compared with ferritin to 
predict a response to IV iron treatment. Data suggest that %HYPO 
(with cutoff values of >6% or >10%) has a better sensitivity and 
specificity to predict iron deficiency (as defined by a response to IV 
iron treatment) than classical markers (TSAT <20% or ferritin <100 
ng/mL). 

o sTfR has a similar test performance compared with classical 
markers (TSAT or ferritin) to predict a response to IV iron treatment. 

• There is insufficient evidence regarding: 
o Test performance of newer markers of iron status as an add-on to 

older markers. 
o Test performance comparing ZPP and hepcidin to predict a 

response to IV iron treatment in adult HD CKD patients. 
o Test performance comparing newer with classical laboratory 

markers to predict a response to IV iron treatment, in adult PD CKD 
and ND CKD patients, and in pediatric CKD patients. 

  2a. What 
reference standards 
are used for the 
diagnosis of iron 
status in studies 
evaluating test 
accuracy? 

Not rated 
(descriptive 
data) 

• There is a lack of generally accepted reference standard tests for 
determining iron deficiency in the setting of CKD.2

  2b. What are the 
adverse effects or 
harms associated 
with testing using 
newer and/or older 
markers of iron 
status? 

 This is reflected by the 
fact that current studies use two distinct methods to operationalize a 
reference standard for assessing test performance: 1) a response to IV 
iron treatment, often referred as “functional iron deficiency”; 2) classical 
laboratory biomarkers, alone or in combination with each other, often 
referred as “absolute iron deficiency.” However, across studies, there are 
large variations in the definitions of these reference standards. 

Insufficient 

• Only 7 of the 27 studies reported information:   
o 3 studies reported no adverse events associated with iron therapy 

during the study periods. 
o A total of 5 deaths reported. Studies did not attribute these deaths to 

either testing or any treatment.  
o Most of the reported harms were attributed to iron therapy. 

Key Question 3. 
What is the impact 
of managing iron 
status based on 
newer laboratory 
biomarkers either 
alone or in addition 
to older laboratory 
biomarkers on 
intermediate 
outcomes? 

Low 

• Two short-term RCTs (4 and 6 months) showed a reduction in the number 
of iron status tests and resulting intravenous iron treatments (a post-hoc 
intermediate outcome) administered to patients whose iron management. 
was guided by CHr compared with those guided by TSAT or ferritin. 

• Both RCTs reported that Hct remained in the targeted ranges (an 
indication for the adequacy of anemia management) throughout the study 
period in all randomized arms, although the Hct target differed between 
the two trials. 

• One trial showed that guiding iron management via CHr resulted in similar 
epoetin dosing compared with iron management guided by ferritin or 
TSAT. In contrast, the other trial found the doses of epoetin were 
significantly decreased (lower by 36%) in the group guided by TSAT, but 
did not change significantly in the group guided by CHr. 

• No study compared iron management guided by classical markers with 
that of newer markers (%HYPO, sTfR, Ret-He, ZPP, or hepcidin). 
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Table 1. Strength of evidence addressing Key Questions (continued) 
Key Questions Strength of 

Evidence Summary, Comments, and Conclusions 

3a. What are the 
adverse effects or 
harms associated 
with the treatments 
guided by tests of 
iron status? 

Insufficient 

• Only 1 RCT explicitly monitored the adverse events: 
o There were a total of three deaths (2 patients in the CHr group; 1 

patient in the TSAT group) due to bacterial pneumonia (at week 4 in 
the CHr group), sudden death by unknown cause (at week 16 in the 
CHr group), and liver tumor (at week 7 in the TSAT group). 

o One patient in the TSAT group dropped out because of massive 
bleeding due to a femoral bone fracture and need for blood 
transfusion.  

o There were no significant differences in the hospitalization or infection 
rates of the two iron management groups. 

Key Question 4. 
What factors affect 
the test 
performance and 
clinical utility of 
newer markers of 
iron status? 

Insufficient 

• Only single study or indirect comparisons across studies provided data on 
the potential impacts of some factors on the test performance of newer or 
classical laboratory markers of iron status: 
o One RCT found an interaction between iron and ESA treatment on 

test accuracy of CHr. A higher baseline CHr predicted greater 
likelihood of a response to anemia and iron treatment only in the IV 
iron (plus epoetin) treatment group, but not in the no IV iron (epoetin 
only) treatment group. 

o One study showed that the test accuracy of RetHe was lower for 
assessing “functional iron deficiency” (TSAT<20%, ferritin 100-800 
ng/mL, and Hb <11 g/dL) than for assessing “traditional parameters 
for iron deficiency” (serum iron < 40 µg/dL, TSAT<20%, ferritin <100 
ng/mL, and Hb <11 g/dL) in HD CKD patients. 

o Indirect comparisons across studies suggested potential impacts of 
route of iron administration and treatment regimen on the test 
accuracy of newer and classical laboratory markers of iron status. 

• No study performed analyses by patient subgroups. 
• No study examined the impacts of biological variation or type of dialysis in 

diagnostic indices on the test performance or clinical utility of laboratory 
markers of iron status. 

Abbreviations: CHr = Hb content of reticulocytes; CKD = chronic kidney disease; ESA = erythropoiesis-stimulating agent; 
Hct = hematocrit; HB = hemoglobin; HD = hemodialysis; %HYPO = percentage of hypochromic erythrocytes; IV = intravenous;  
ND = nondialysis; PD = peritoneal dialysis; RCT = randomized controlled trial; RetHe = Reticulocyte hemoglobin equivalent; 
sTfR = soluble transferrin receptor; TSAT = transferrin saturation; ZPP = erythrocyte zinc protoporphyrin 

Identification of Evidence Gaps  
The current Future Research Needs (FRN) project was undertaken in order to find the most 

important research gaps in the literature with regards to laboratory tests for assessing iron status 
and management of iron deficiency in CKD patients, identified during the synthesis of the 
aforementioned CER. The objectives of this project are to identify potential research questions 
and to suggest study designs for addressing these questions. These objectives were achieved by 
cataloguing the evidence gaps relevant to iron deficiency laboratory tests, establishing a 
stakeholder panel, engaging stakeholders in research topic nomination and prioritization, and 
developing research protocols for the most highly ranked topics. Table 2 summarizes the 
evidence gaps identified in our review. (Note: The gaps are not listed in the order of the CER 
Key Questions.)  

One major evidence gap concerns the dearth of pediatric studies (only one study enrolled 
pediatric HD and PD CKD patients).22 This suggests that there is a need for further refinement of 
FRN for pediatric CKD patients (nondialysis and dialysis). Since this would require a specially-
composed stakeholder group, it was determined to be beyond the scope of this project. Thus, the 
current FRN project is focused on adult CKD patients (nondialysis and dialysis). 
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Table 2. Research gaps and suggestions for future research 
Key Questions Research Gaps 

Key Question 1 (overarching 
question). What is the impact on 
patient centered outcomes of 
using the newer laboratory 
biomarkers as a replacement for 
or an add-on to the older 
laboratory biomarkers of iron 
status for assessing iron status 
and management of iron 
deficiency? 

No studies were found that provided data directly addressing our overarching 
question regarding the impact of using newer laboratory biomarkers on patient-
centered outcomes (e.g., mortality, morbidity, quality of life, and adverse 
effects).  
 
All gaps described in Key Questions 2, 3, and 4 are applicable to this 
overarching question. 

Key Question 2. What is the 
diagnostic test accuracy of newer 
markers of iron status as a 
replacement for or an add-on to 
classical laboratory markers? 
 
   2a. What reference standards 
are used for the diagnosis of iron 
status in studies evaluating test 
accuracy? 
 
   2b. What are the adverse effects 
or harms associated with testing 
using newer and/or older markers 
of iron status? 

Populations:  
• Insufficient evidence in adult PD CKD and ND CKD patients. 
• Whether test performance and clinical utility of newer or classical markers 

of iron status vary by different CKD populations is unknown. 
Interventions and comparators:  

• Insufficient evidence for the test performance of newer markers of iron 
status as an add-on to older markers.  

Outcomes:  
• There is a lack of a generally accepted reference standard test for 

determining iron deficiency in the setting of CKD.
• A small percentage (26%) of the identified studies reported information on 

harms, and most studies did not attribute harms to either testing or 
treatment. 

2 

Study Design Issues:  
• Many existing studies are at a high risk of bias due to lack of demographic 

details of study populations and blinding of the diagnosis or patient 
characteristics. These biases limit studies’ utility in informing clinical 
practice. 

• Existing studies were underpowered leading to imprecise estimates. 

Key Question 3. What is the 
impact of managing iron status 
based on newer laboratory 
biomarkers either alone or in 
addition to older laboratory 
biomarkers on intermediate 
outcomes? 
 
   3a. What are the adverse effects 
or harms associated with the 
treatments guided by tests of iron 
status? 

Populations:  
• Insufficient evidence in adult PD CKD and ND CKD patients. 

Interventions and comparators:  
• There are no uniform iron management algorithms or test-and-treat 

protocols across studies. 
• There are lack of studies with longer followup durations; exsiting short-

term RCTs had a followup duration less than 6 months.  
• No study compared iron management guided by classical markers with 

that of newer markers (%HYPO, sTfR, RetHe, ZPP, or hepcidin), except 
for CHr. 

Outcomes:  
• The two RCTs showed different findings regarding the dose of epoetin 

required to maintain the Hct target as the primary outcome, possibly due 
to differences in the Hct targets (an indication for the adequacy of anemia 
management). Thus, the findings from the two RCTs could not be 
combined together. Important intermediate outcomes suggested by the 
experts include: 
o Increase in Hb or hematocrit, or more consistent maintenance of 

Hb or hematocrit within the desired range 
o Use of ESA for maintenance of Hb within the desired range (stable 

dose in contrast to escalating dose resulting in net decreased ESA 
dose in hyporesponsive patients or actual decreased ESA dose in 
relatively responsive patients) 

o Adverse effects or harms associated with different management 
strategies 
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Table 2. Research gaps and suggestions for future research (continued) 
Key Questions Research Gaps 

Key Question 4. What factors 
affect the test performance and 
clinical utility of newer markers of 
iron status? 

• Insufficient evidence to draw conclusions regarding factors that may affect 
the test performance or clinical utility of laboratory markers of iron status. 
Important factors suggested by the experts include: 
o Biological variation in diagnostic indices 
o Use of different diagnostic reference standards 
o Type of dialysis (i.e., peritoneal or hemodialysis) 
o Patient subgroups (i.e., age, sex, comorbid conditions, erythropoiesis-

stimulating agent resistance, protein energy malnutrition secondary to 
an inflammatory state, hemoglobinopathies [e.g., thalessemia and 
sickle cell anemia]) 

o Route of iron administration (i.e., oral or intravenous) 
o Treatment regimen (i.e., repletion or continuous treatment) 
o Interactions between treatments (i.e., patients treated with vs. without 

ESA, patients treated with vs. without iron-replacement therapy) 
• All gaps described in Key Questions 2 and 3 are also applicable here. 

Abbreviations: CHr = Hb content of reticulocytes; CKD = chronic kidney disease; ESA = erythropoiesis-stimulating agent;  
Hct = hematocrit; HB = hemoglobin; %HYPO = percentage of hypochromic erythrocytes; ND = nondialysis; PD = peritoneal 
dialysis; RCT = randomized controlled trial; RetHe = Reticulocyte hemoglobin equivalent; sTfR = soluble transferrin receptor;  
ZPP = erythrocyte zinc protoporphyrin 

Analytic Framework 
Figure 1 depicts the analytic framework used in structuring the CER as well as the FRN report. 
Broadly, it shows how the individual Key Questions are addressed within the context of the 
logical linkages between populations, interventions, comparators, and outcomes of interest. 
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Figure 1. Analytic framework

 
Abbreviations: CKD = chronic kidney disease; ESA = erythropoiesis-stimulating agents; Hb = hemoglobin level; KQ = Key 
Question 
*The Comparative Effectiveness Review included both adult and pediatric CKD patients, but the current Future Research Needs 
project is focused on adult CKD patients (nondialysis and dialysis) only. 
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Methods 
Identification of Evidence Gaps 

As the original authors of the CER, we generated the initial list of FRN topics based on the 
Research Needs section of the report, and then organized the list of evidence gaps according to 
Key Questions and PICOD (Population, Intervention, Comparator, Outcomes, and study Design) 
elements. We then used an iterative process to identify additional FRN topics through Webinars 
and emails with a stakeholder panel (see Appendix A). The nominated topics were evaluated by 
EPC program staff to determine whether the nominated topics were related to one of the Key 
Questions of the CER. In general, nominated topics were deemed out-of-scope if the state of the 
evidence was not rigorously assessed as part of the CER. These out-of-scope topics were not 
entered to the final list of potential topics, but listed in the Discussion of this report. We asked 
the stakeholder panel to prioritize the FRN topics following a formalized schema of prioritization 
criteria.  

Criteria for Prioritization 
Stakeholders (described in the next section) were asked to consider four dimensions of need. 

These four dimensions are outlined in the Effective Health Care Program Selection Criteria 
(Appendix B). Briefly, they are:  

• Importance 
• Desirability of Research/Avoidance of Unnecessary Duplication 
• Feasibility 
• Potential Impact  

 
The fifth dimension, Appropriateness, was not evaluated by the stakeholders, because the 

initial FRN topics based on the Research Needs section of the CER were already deemed to 
adequately meet this criterion by the Agency for Healthcare Research and Quality (AHRQ).  

To further inform the selection criteria of Desirability of Research/Avoidance of 
Unnecessary Duplication, we also searched the National Library of Medicine Clinical Trial 
Registry (www.ClinicalTrials.gov) to identify ongoing or recently completed trials relevant to 
the CER questions (Appendix C). Relevant recently completed or registered studies identified in 
the searches were compared against the nominated FRN topics to assess if they would make 
future research on any nominated topic redundant, but none were judged to do so.  

Engagement of Stakeholders, Researchers, and Funders  
Although researchers and funders of research are the primary audience for FRN documents, 

the EPC solicits input from other stakeholders as well when identifying high-priority research 
gaps and FRN. Stakeholders are selected to provide broad expertise and a breadth of 
perspectives, as well as input on the kind of information that is helpful in health care 
decisionmaking. These stakeholders are engaged throughout the future research process. Their 
role is to (1) review the preliminary list of evidence gaps and possible future research topics 
derived from them, (2) to nominate additional topics to the list, (3) to discuss topic nominations, 
and (4) to participate in prioritization of the FRN topics. Stakeholders are not involved in 
translating the gaps into research questions and study designs, or composing or reviewing the 
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report. The final FRN document will be released for public comment. Stakeholders who 
participated in the FRN identification process are invited to provide comments on this report 
during the public posting. Public input may be incorporated into or otherwise reflected in the 
final report. 

To form the panel, we adapted a Tufts-developed “7Ps” model of stakeholder engagement,44

1. Patients and the Public. This group represents current and potential consumers of 
patient-centered health care and population-focused public health programs. This group 
also includes caregivers, family members, and patient advocacy organizations, all of 
whom represent the interests of consumers or patients.  

 
which identifies seven primary stakeholder categories. The stakeholder categories of the 7Ps 
model consist of: 

2. Providers. This group includes individuals (e.g., nurses, physicians, and other providers 
of care and support services) and organizations (e.g., hospitals, clinics, community health 
centers, pharmacies, emergency medical services agencies, schools) that provide care to 
patients and populations.  

3. Purchasers. This group includes employers; the self-insured; Federal, state, and local 
governments; and other entities responsible for underwriting the costs of health care.  

4. Payers. This group represents private insurers, government insurers (e.g., Medicare, 
Medicaid, the Veterans Administration), and others responsible for reimbursement for 
care.  

5. Policymakers. This group includes entities such as the legislative and executive branches 
of the Federal and state governments, professional associations, and other intermediary 
groups that collect and distribute information to policymakers.  

6. Principal investigators. This group consists primarily of researchers, and research 
funders.  

7. Product makers. This group consists primarily of manufacturers and device makers. 
 
These categories are not necessarily mutually exclusive, and one stakeholder may belong to 

more than one category.  
For this project, we recruited stakeholders representing Patients and the Public, Providers, 

Payers, Policymakers, and Principal investigators and asked them to provide input foremost 
according to their designated stakeholder category. Product makers were not included because it 
was not possible to include all product makers (particularly since there are many laboratory-
based tests available in individual labs), and selected participation might bias the FRN 
discussions. Purchasers (employers who purchase insurance policies) were not included because 
they were considered to share the payer perspective for the diagnostic tests in question.  

We identified individuals to serve on the stakeholder panel through several means. We 
invited some individuals who had previously served in advisory roles on the original CER. We 
contacted the National Kidney Foundation Patient and Family Council to invite CKD 
patient/patient advocate stakeholders. We used professional contacts to identify public and 
private payers and a policy maker. Individuals were selected based on their particular stakeholder 
perspective. Our predetermined goal was to assemble a representative panel of 10 stakeholders 
across the appropriate stakeholder categories (Table 3). 
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Table 3. List of predetermined target stakeholders  
Category Subcategory No. of Invited 

Stakeholders 
Patients and the public  NKF Patient & Family Council 2 

Providers  

Clinicians – Nephrologist 

3 Clinical Chemist (Nominator) 

Allied Health - Dietician 

Payers  
Private Insurer 

2 
CMS 

Policy Makers  NIDDK – Division of Kidney, Urologic & 
Hematologic Diseases  1 

Principal investigators/researchers  Clinical Researcher  2 

TOTAL  10 
Abbreviations: CMS = Center for Medicare and Medicaid Services; NIDDK = National Institute of Diabetes and Digestive and 
Kidney Disease; NKF = National Kidney Foundation  

All individuals involved in the project were required to submit a standard disclosure of 
interest form. Participation was only confirmed after review of the disclosure form. Stakeholders 
were asked to disclose any financial conflicts of interest greater than $10,000, and any other 
relevant business or professional conflicts of interest.  

Individuals who met the criteria to participate as a stakeholder were contacted by email with 
a brief description of the project and its purpose, a formal invitation to serve as a stakeholder, 
and the executive summary of the original CER. Once their participation was confirmed, we sent 
additional materials to orient stakeholders, including the Future Research Needs section of the 
original CER and a proposed outline for this project. 

The first round of Webinars was held in June 2012. All stakeholders attended. (Four 
duplicate Webinars were held to maximize participation.) During these Webinars, we reviewed 
the purpose and processes of this project. Subsequently stakeholders were asked to self-identify 
as a representative of a particular stakeholder category and directed to provide feedback chiefly 
with respect to their primary stakeholder category. We also directed stakeholders to restrict their 
FRN nominations to topics within the scope of the CER, specifically delineating out-of-scope 
topics such as pediatric CKD patient and cost effectiveness and cost utility of tests (based on the 
topic and study eligibility criteria of the CER). We then reviewed the research gaps identified in 
the CER and explained the criteria for prioritization. After this orientation, the stakeholders were 
asked to identify additional FRN topics of interest to them and to discuss their or others’ 
suggestions, their supporting rationale, or related research challenges. Stakeholders were also 
given the option of nominating additional topics by email afterwards. 

Topics nominated by stakeholders were incorporated into the topic list along with supporting 
rationale, which we condensed from the discussion and subsequent emails. We combined 
duplicate or similar FRN topics together and disseminated the revised list of topics, along with 
minutes from all the webinars, with an invitation to comment as to whether the nominated topics 
and supporting rationales were appropriately recorded and accounted for. 

We held a second round of Webinars in late June and early July 2012, during which we 
reviewed the refined list of nominated topics. Again all stakeholders attended the second 
Webinar (held in duplicate.) Stakeholders were asked if their nominations were appropriately 
captured and accounted for, and were provided the opportunity for further discussion.  
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Following this second round, we further edited the topic list based on stakeholder input. The 
finalized topic prioritization form and the minutes from the second set of webinars were sent to 
each stakeholder. Stakeholders were asked to review the minutes for accuracy and in order to 
hear the perspectives of others, and then to identify their top five priority topics with 
corresponding justification for each topic based upon AHRQ’s Effective Health Care Program 
Selection Criteria (Appendix B). The five topics with the highest number of stakeholder 
endorsements were designated as the prioritized FRN topics. 

Use of the Effectiveness Health Care Program prioritization criteria was repeatedly 
emphasized throughout the prioritization process, including during discussion, nomination, and 
final topic selection. Upon the close of stakeholder prioritization, we identified the top five topics 
as those most frequently endorsed by stakeholders in their top five selections. 

Research Question Development and Research Design 
Considerations 

We transformed the final list of FRN topics into research questions using standard PICOD 
criteria. (Stakeholders were not utilized during this process.) We discussed various alternatives 
for future research efforts aimed at answering each question, specifically considering the 
feasibility of addressing the potential research questions with respect to sample size, the time 
required, recruitment, and possible ethical issues. 
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Results 
Research Needs 

We successfully enlisted the predetermined panel of stakeholders; however, despite multiple 
attempts, we were unable to recruit a stakeholder representing private insurers within the project 
timeline. A total of 10 stakeholders participated in the 2 sets of teleconference calls, and 9 
stakeholders prioritized the list of FRN topics (the two stakeholders representing Center for 
Medicare and Medicaid Services jointly prioritized the final list of FRN topics; see Table 4).  

Table 4. List of participating stakeholders 

Category Subcategory 
No. of Stakeholders Who 

Prioritized the Final List of FRN 
topics 

Patients and the public  NKF Patient & Family Council 2 

Providers  

Clinicians – Nephrologist 

3 Clinical Chemist (Nominator) 

Allied Health - Dietician 

Payers  
Private Insurer (0 participated)* 

1 
CMS (2 participated)** 

Policy Makers  NIDDK – Division of Kidney, 
Urologic & Hematologic Diseases  1 

Principal investigators/researchers  Clinical Researcher  2 

TOTAL  9 
Abbreviations: CMS = Center for Medicare and Medicaid Services; NIDDK = National Institute of Diabetes and Digestive and 
Kidney Disease; NKF = National Kidney Foundation 
*Invited but declined.  
**There were two stakeholders representing CMS but they jointly prioritized the final list of FRN topics. 

Initially, we presented 10 FRN topics based on the CER Future Research section to the 
stakeholder panel for discussions. With input from the stakeholder panel, seven new topics were 
added. Of these, four were determined to be out of the scope of the current FRN project (see 
Discussion). Thus, our FRN identification process led to the nomination of 17 topics (Table 5).  

We considered the five topics with endorsement by at least fifty percent of the nine voting 
stakeholders as the highest priority FRN topics. Two of the five topics are directly based on the 
evidence gaps identified in the CER, and the other three were nominated primarily based on the 
evidence gaps identified in the CER, with more refined definitions of iron deficiency and adverse 
outcomes.  



 

15 

Table 5. Nominated topics for Future Research Needs 
Topic 
Rank* Topic 

No. of 
Stakeholder 

Votes 
High-priority FRN Topics 

1 What is the best reference standard for diagnosing (absolute or functional) iron deficiency 
in CKD patients?  5 

2 What is the diagnostic accuracy of newer markers of iron status as a replacement for, or an 
add-on to, classical lab markers in diagnosing absolute iron deficiency? 6 

3 What is the diagnostic accuracy of newer markers of iron status as a replacement for, or an 
add-on to, classical lab markers in diagnosing functional iron deficiency? 5 

4 Which is the best marker to monitor the response to therapy and repletion status? 5 

5 What is the best biomarker to monitor iron overload as an adverse event resulting from 
treatment of iron deficiency? 5 

Other Nominated FRN Topics 

6 What is the impact of managing iron status based on newer laboratory biomarkers, either 
alone or in addition to classical laboratory biomarkers, on patient-centered outcomes? 4 

7 How does the test performance and clinical utility of iron status vary according to treatment 
subgroups (i.e. nondialysis CKD, hemodialysis, and peritoneal dialysis patients)? 3 

8 What is the impact of managing iron status based on newer laboratory biomarkers, either 
alone or in addition to classical laboratory biomarkers, on intermediate outcomes? 2 

9 What is the diagnostic accuracy of newer markers of iron status as a replacement for, or an 
add-on to, classical lab markers for iron deficiency? 2 

10 Does the test performance and clinical utility of markers of iron status vary in 
erythropoiesis-stimulating agents and iron treatment-resistant patients? 2 

11 What are the adverse effects or harms associated with testing or with treatments guided by 
tests of iron status? 2 

12 Does the test performance and clinical utility of iron status vary according to patients with 
different comorbidities (e.g., diabetes, hypertension)? 2 

13 Does the test performance and clinical utility of markers of iron status vary by CKD disease 
stage? 1 

14 Does the test performance and clinical utility of markers of iron status vary by patient 
race/ethnicity? 1 

15 In hemodialysis patients, does the test performance and clinical utility of markers of iron 
status vary by method of vascular access (i.e., catheter, arterial-venous shunt)? 0 

16 Does the test performance and clinical utility of markers of iron status vary by sex? 0 
17 Does the test performance and clinical utility of markers of iron status vary by patient age? 0 
Abbreviation: CKD = chronic kidney disease 
*Prioritized topics (1–5) are ordered logically by clinical content. Other nominated topics are listed in the order they were 
prioritized by the stakeholder panel. 

High-Priority Future Research Needs Topic 1 
What is the best reference standard for diagnosing (absolute or functional) iron deficiency in 

CKD patients? 

Background 
When evaluating iron deficiency in patients with CKD, it is useful to consider two separate 

and distinct definitions: absolute versus functional iron deficiency. Absolute/true/overt iron 
deficiency refers to the depletion of iron stores and the absence of stainable iron in the bone 
marrow, while functional iron deficiency refers to a clinical condition where stored iron is 
sufficient but circulating iron is not.45 Functional iron deficiency can occur when ESA therapy 
stimulates red blood cell production beyond the available supply of iron necessary for 
hemoglobin synthesis; it can also be caused by chronic inflammation. Unlike absolute iron 
deficiency, the concept of functional iron deficiency does not imply depletion of iron stores. 
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Rather, iron stores may be nearly normal, but during ESA treatment, there may be insufficient 
immediately available iron to optimize ESA therapy. In ESA-treated CKD patients, the “treat-to-
target” or “treat-to-goal” levels of iron tests are often used to define functional iron deficiency.45

The original CER found that, currently, there is a lack of generally accepted reference 
standard tests for determining iron deficiency in the setting of CKD.

  

2

To compare the test performance among medical tests, a common reference standard is 
needed. When studies used different definitions of a reference standard, the results cannot be 
compared nor “summed up” across studies. Synthesizing information on test performance 
metrics, such as sensitivity, specificity, predictive values, and likelihood ratios, is often an 
important part of a systematic review of a medical test, and it has a dual goal: to provide 
summary estimates for key quantities, and to explore and explain any observed dissimilarity 
(heterogeneity) in the results of the examined studies. Without using the same definition of 
reference standard, conducting more studies on the test performance of existing or new medical 
test is unlikely to add meaningfully to the body of evidence and therefore impact current 
practice. 

 In the 27 studies that were 
included for Key Question 2 (What reference standards are used for the diagnosis of iron 
deficiency in studies evaluating test performance?), studies used two distinct methods to 
operationalize a reference standard for assessing the diagnostic test accuracy: (1) classical 
laboratory biomarkers (TSAT, ferritin, or serum iron), alone or in combination with each other; 
and (2) a response to intravenous iron treatment. However, across studies, there are large 
variations in the definitions of these reference standards. Of the 15 studies that used classical 
markers of iron status to define “iron deficiency” as the reference standard in calculating the test 
accuracy of newer markers of iron status, the most commonly used definition was TSAT ≤20% 
and ferritin ≤100 ng/mL (7 studies), and TSAT ≤20% (7 studies). Of the 12 that used a response 
to IV iron treatment as the reference standard, the most commonly used definition for a response 
to IV iron treatment was an increase in hemoglobin concentration ≥1 g/dL after a (variable) 
period of IV iron treatment. It should be noted that there was no uniform regimen of IV iron in 
terms of dosage and iron formulation across these studies. There was also a wide range of 
durations of IV iron treatment across studies. 

Stakeholder Discussion 
This FRN topic was raised during discussions with the stakeholder panel on the issues 

surrounding the lack of generally accepted reference standard tests for determining iron 
deficiency in the setting of CKD.2

Based on the stakeholders’ discussions, it appears that iron staining of a bone marrow biopsy 
specimen is widely regarded as the “gold standard” for the diagnosis of (absolute) iron-deficient 

 Generally, stakeholders agreed that it is important to use the 
same reference standard for iron deficiency in future research. Clinician stakeholders pointed out 
that, from a hematologist’s perspective, bone marrow iron would be considered as the “gold 
standard” for diagnosing (absolute) iron deficiency. In contrast, a nephrologist needs to consider 
a reference standard that assesses iron storage as well as its availability or adequacy (i.e., both 
storage and function). Clinician stakeholders suggested that future research should focus on 
“functional iron deficiency.” (Note: stakeholders did not provide specific definition for 
functional iron deficiency) However, they also mentioned that “a response to IV iron treatment” 
(one of the operationalized reference standards used in many existing studies, and often referred 
as the reference standard for functional iron deficiency in dialysis patients) may be a different 
research question than the reference standard for the diagnosis of iron deficiency. 
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anemia;46 however, this viewpoint is not universally accepted in the setting of CKD.2 Moreover, 
taking a bone marrow sample is invasive and carries the risks of infection or bleeding at the 
biopsy site.47

For diagnosing functional iron deficiency, bone marrow iron may not be useful, because it 
reflects stored iron but not the iron readily available for erythropoiesis in patients treated with 
ESAs. To date, the only accepted means of measuring functional iron deficiency in clinical 
practice is to evaluate the erythropoietic response to iron administration.

 These concerns limit the use of bone marrow iron tests in clinical practice. Despite 
these limitations, a bone marrow biopsy remains the most accurate measure that reflects stored 
iron, and thus should be used to define absolute iron deficiency (also see FRN topic 2).  

46

Proposed Study Designs 

 The original CER 
found that there was no uniform regimen of IV iron in terms of dosage and iron formulation, and 
that there was a wide range of durations of IV iron treatment in published studies. 

Existing evidence only allows indirect comparisons across studies, and cannot provide valid 
information on which definition of response to IV iron (or functional iron deficiency) is the 
“best” (or most accurate) reference standard due to large heterogeneity across study populations. 
Given that currently there is a lack of generally accepted reference standard for functional iron 
deficiency, we propose a Consensus Expert Panel to determine the “best” (or most practical) 
reference standard for diagnosing functional iron deficiency in CKD patients. The goal of this 
panel is to balance different concerns and to develop consensus across disciplines about how 
research should be conducted to address this high-priority FRN topic. 

Consensus Expert Panel 

Value of Study Design 
We suggest that prior to conducting new research studies to assess other high-priority FRN 

topics (topics 3 through 5), an expert panel be convened to standardize the definition for 
functional iron deficiency and to determine which definition should be considered most suited 
for use as the reference standard in future research in CKD patients. Ideally, the “best” definition 
for functional iron deficiency would be highly correlated with patient-centered outcomes, such as 
mortality, morbidity, or quality of life. The panel should also assess which intermediate 
outcomes (e.g., ESA or iron treatment dosages) or test characteristics (e.g., test 
availability/accessibility, cost) are appropriate to consider in determining the ideal definition for 
functional iron deficiency. In addition to representatives from all stakeholder categories, this 
panel should specifically include authoritative bodies and major professional organizations that 
have relevant interests in iron deficiency, using a process similar to that employed by the Center 
for Disease Control and Prevention (CDC) Lipid Standardization Program 
(www.cdc.gov/labstandards/lsp.html).  

Resource Use, Size, and Duration 
A consensus expert panel would require relatively few resources, as it would rely on mostly 

volunteerism, and most of the required resources would be associated with the logistics for in-
person conferences or scientific meetings.  

Ability to Recruit 
There should be little difficulty recruiting relevant stakeholders. 
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Ethical Issues 
There should be no ethical issues in using an expert panel to investigate this evidence gap. 

High-Priority Future Research Needs Topic 2 
What is the diagnostic accuracy of newer markers of iron status as a replacement for, or an 

add-on to, classical lab markers in diagnosing absolute iron deficiency? 

Background 
This FRN topic was part of Key Question 2 in the original CER. Although the CER did find 

studies comparing classical and newer tests for diagnosing absolute iron deficiency, the 
identified studies used the classical laboratory biomarkers (alone or in combination with each 
other) as the reference standard for iron deficiency, essentially measuring the concordance 
between classical and newer biomarkers of iron status. Concordance cannot tell us which test is 
better and which is worse—both may be equally bad or equally good for defining iron 
deficiency—and thus the CER was unable to provide an answer to the question.  

Stakeholder Discussion 
Much of the discussions with the stakeholder panel revolved around the issues regarding the 

lack of generally accepted reference standard tests for determining iron deficiency in the setting 
of CKD (described earlier in FRN topic 1). In brief, iron staining of a bone marrow biopsy 
specimen is widely regarded as the “gold standard” for the diagnosis of (absolute) iron-deficient 
anemia,46

Proposed Study Designs 

 but taking a bone marrow sample is invasive and carries the risks of infection or 
bleeding at the biopsy site. These concerns limit the use of bone marrow iron tests in clinical 
practice. Despite these limitations, bone marrow iron remains the most accurate measure that 
reflects stored iron, and thus should be used to define absolute iron deficiency. In the original 
CER, no study was found examining the test accuracy of new markers of iron status as a 
replacement for, or an add-on to, classical laboratory biomarkers against bone marrow iron as the 
reference standard in late-stage CKD patients. 

Prospective cohort studies are the ideal study design for future research on this topic, as they 
allow for multiple tests to be compared all together (which may not be feasible in randomized 
trials), and potential biases, such as spectrum bias and review bias (i.e., interpretation of the 
index test or reference standard influenced by knowledge of the results of the other test), can be 
minimized. Prospective cohort studies should recruit consecutive CKD patients who consent to 
have bone marrow aspiration for histologic examination. Depletion of bone marrow iron should 
be used as the reference standard for absolute iron deficiency (as described earlier in the 
Stakeholder Discussion section). A priori subgroup analysis should include at least the following 
three broad groups of CKD patients to explore the effect modifications by different CKD sub-
populations: (1) late-stage CKD patients who are not on dialysis; (2) dialyzed CKD patients; and 
(3) patients with a kidney transplant. To rule out confounding factors, complete and detailed 
medical histories and patient characteristics should be evaluated to rule out other causes of 
anemia, such as malnutrition or abnormal hemoglobins (Thalassemia). Inflammation markers 
should also be measured and controlled for in statistical analyses. Because both ESA and iron 
treatment would confound the test results, a sufficient washout period (of at least 4 weeks) would 
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be necessary to stop ESA and iron treatment before ascertainment of the baseline test 
measurements.  

All study patients should receive baseline test measurements including both newer and 
classical biomarkers of iron status, as well as any promising novel biomarkers of interest. Bone 
marrow aspiration should be conducted in all patients who received baseline test measurements 
on the same day or within few days after the baseline test measurements, and the results 
examined by two or more readers blinded to the results of other tests.  

Resource Use, Size, and Duration 
Cohort studies often require large samples, so it may be necessary to have multiple sites to 

enroll enough patients. Since it is difficult to obtain a meaningful estimate of true positive rate 
(i.e., true prevalence of absolute iron deficiency anemia), and sample size calculations are 
sensitive to the choice of true positive rate, we recommend performing a pilot study to obtain a 
meaningful estimate. The sample size calculation becomes more tedious to do when the same 
subject undergoes multiple tests, as the correlations must then be taken into account.48

Ability To Recruit 

  

It is expected to be difficult to recruit sufficient number of patients, as bone marrow 
aspiration is painful and poses risks to patients. Using a washout period may not be feasible for 
some clinical settings. In this case, studies should recruit only CKD patients who did not receive 
ESA and iron treatment within 1 month before baseline test measurements. 

Ethical Issues 
Risks for bone marrow aspiration are significant concerns to some patients. 

High-Priority Future Research Needs Topic 3 
What is the diagnostic accuracy of newer markers of iron status as a replacement for, or an 

add-on to, classical lab markers in diagnosing functional iron deficiency? 

Background 
This FRN topic was also part of Key Question 2 in the original CER. Based on our post-hoc 

observation of this body of literature, we found that current studies often used a response to IV 
iron treatment as the reference standard for functional iron deficiency. The most commonly used 
definition for a response to IV iron treatment was an increase in hemoglobin concentration ≥1 
g/dL after a period of IV iron treatment. However, there was no uniform regimen of IV iron in 
terms of dosage and iron formulation. There was also a wide range of durations of IV iron 
treatment across studies. The potential impacts of IV iron treatment regimen on the test 
performance of newer or classical laboratory markers of iron status are not known.  

The CER also found that, in adult hemodialysis CKD patients, CHr had a similar or better 
overall test accuracy compared with classical markers (TSAT or ferritin) to predict a response to 
IV iron treatment. Data suggested that CHr (with cutoff values of <27 or <28 pg) had a better 
sensitivity and specificity to predict a response to IV iron treatment than classical markers 
(TSAT <20 or ferritin <100 ng/mL). The %HYPO of red blood cells had a similar or better 
overall test accuracy compared with TSAT, and better overall test accuracy compared with 
ferritin, to predict a response to IV iron treatment. Data also suggested that %HYPO (with cutoff 
values of >6% or >10%) had a better sensitivity and specificity to predict a response to IV iron 
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treatment than classical markers (TSAT <20% or ferritin <100 ng/mL). sTfR had a similar test 
performance compared with classical markers (TSAT or ferritin) to predict a response to IV iron 
treatment. 

There is insufficient evidence regarding test performance of newer markers of iron status as 
an add-on to older markers, and test performance comparing newer with classical laboratory 
markers to predict a response to IV iron treatment in adult PD and nondialysis CKD patients, and 
in pediatric CKD patients. 

Stakeholder Discussion 
Much of the discussions with the stakeholder panel revolved around issues regarding the lack 

of generally accepted reference standard tests for determining iron deficiency in the setting of 
CKD (described earlier in FRN topic 1). In brief, stakeholders agreed that it is important to use 
the same reference standard for iron deficiency in future research; however, it appears that there 
is currently no consensus on whether “a response to IV iron treatment” should be considered as 
“functional iron deficiency” and that currently there is a lack of a well-accepted definition for a 
response to IV iron treatment. Stakeholders’ comments were consistent with what we observed 
from the published research on this topic. 

Proposed Study Designs 
Unlike FRN topic 2 (diagnosing absolute deficiency), this topic cannot go forward until a 

reference standard for functional iron deficiency has been established. We therefore propose a 
Consensus Expert Panel to first determine the “best” (or most practical) reference standard for 
diagnosing functional iron deficiency in CKD patients (described in the FRN topic 1 in detail). 
Future research on this topic should use the same reference standard, in order to build on the 
body of evidence on this important research question and allow systematic review and meta-
analysis to compare results across studies. If the reference standard for “functional iron 
deficiency” is defined by a response to ESA or iron treatment, a standardized protocol to 
ascertain the treatment response must be established, including the dosage and ESA and/or iron 
formulation and the followup duration to detect a response. There should be no change in 
patients’ care to minimize the confounding, and the treatment response should be significantly 
different from biological variability in stable CKD patients. 

Prospective cohort studies with consecutive CKD patients are the ideal study design for 
future research on this topic, as multiple tests can be compared all together (which may not be 
feasible in randomized trials), and potential biases, such as spectrum bias and review bias (i.e., 
interpretation of the index test or reference standard influenced by knowledge of the results of 
the other test), can be minimized. The agreed upon definition by the consensus expert panel 
should be used as the reference standard for diagnosing functional iron deficiency. A priori 
subgroup analysis should include at least the following three broad groups of CKD patients to 
explore the effect modifications by different CKD sub-populations: (1) late stage CKD patients 
who are not on dialysis; (2) dialyzed CKD patients; and (3) patients with a kidney transplant. To 
rule out confounding factors, complete and detailed medical histories and patient characteristics 
should be evaluated to rule out other causes of anemia, such as malnutrition or abnormal 
hemoglobins (Thalassemia). Inflammation markers should also be measured and controlled for in 
the statistical analyses. If the reference standard for functional iron deficiency is defined by a 
response to ESA or iron treatment, a sufficient washout period (of at least 4 weeks) is necessary 
to stop ESA and iron treatment before ascertainment of baseline test measurements.  



 

21 

All study patients should receive baseline test measurements including both newer and 
classical biomarkers of iron status, as well as any promising novel biomarkers of interest. Tests 
for assessing functional iron deficiency should be conducted in all patients who received baseline 
test measurements, and should be examined by two or more readers blinded to the results of 
other tests. If the reference standard for functional iron deficiency is defined by a response to 
ESA or iron treatment, newly conducted studies should adhere to the standardized protocol to 
ascertain the treatment response.  

Resource Use, Size, and Duration 
Cohort studies often require larger samples, so it may be necessary to have multiple sites to 

enroll enough patients. Since it is difficult to obtain a meaningful estimate of the true positive 
rate (i.e., the true prevalence of functional iron deficiency anemia) and sample size calculations 
are sensitive to the choice of true positive rate, we recommend performing a pilot study to obtain 
a meaningful estimate. The sample size calculation becomes more tedious when the same subject 
undergoes multiple tests, as the correlations must then be taken into account.48

Ability to Recruit 

  

It should be relatively easy to recruit patients into a prospective cohort study. The major 
burden would be additional testing as per protocol. The reliance on observational data 
substantially reduces resource use and increases the feasibility of addressing this evidence gap. 
Using a washout period may not be feasible for some clinical settings. In this case, studies should 
recruit only CKD patients who did not receive ESA and iron treatment within 1 month before 
baseline test measurements.  

Ethical Issues 
There should be no ethical concerns for observational studies. 

High-Priority Future Research Needs Topic 4 
Which is the best marker to monitor the response to therapy and repletion status? 

Background 
The original CER did not directly address this FRN topic; however, this topic is closely 

related to FRN topic 3 (diagnosing functional iron deficiency). Since functional iron deficiency 
can be defined by a response to ESA or iron treatment, it is possible that this FRN topic is the 
same as FRN topic 3, although the purpose of the iron biomarkers is to monitor for iron 
deficiency anemia during treatment, not for diagnosing functional iron deficiency. It is important 
to note that studies included in Key Question 2 of the CER (diagnostic accuracy of newer 
markers of iron status as a replacement for, or an add-on to, classical lab markers in diagnosing 
functional iron deficiency) often did not explicitly state that the use of newer or classical lab 
markers was to diagnose functional iron deficiency. In fact, several studies that were included in 
the Key Question 2 of CER aimed to examine the test accuracy of iron biomarkers to “predict a 
response to treatment.” Typically, “treat-to-target” or “treat-to-goal” levels of iron tests were 
used to monitor repletion status. It appears that there is a great deal of confusion/uncertainty in 
both the definition of functional iron deficiency and the purpose for iron status testing in existing 
research comparing the test performance of newer markers of iron status with that of classical 
markers.  
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Since monitoring tests are used repeatedly (usually in a given schedule) and more frequently 
than diagnostic tests, it would be sensible to use tests that have only a small diurnal variation so 
that real changes can be reflected accurately. 

Stakeholder Discussion  
The topic was nominated, based on stakeholder discussion and feedback, in the context of the 

“continuum of decision points in clinical management where biomarkers could be useful, but 
evidence is needed.” In addition to diagnostic accuracy and safety, stakeholder discussion of the 
topic included additional characteristics of ideal biomarkers such as cost and availability. As 
with other high-priority FRN topics, establishing a reference standard was identified by 
stakeholders as necessary to assess test performance among relevant biomarkers.  

Proposed Study Designs 
Although the FRN topic poses a simple, noncomparative question, it is unclear which 

biomarkers and outcomes are most appropriate and relevant to study. Other potential biomarkers 
beyond the biomarkers of interest of the CER may be considered in future research. In the study 
design section below, we initially propose a Consensus Expert Panel with Horizon Scan to 
further specify the potentially limitless list of biomarkers and relevant outcomes (i.e., which 
outcomes determine which biomarker is the “best”). 

Consensus Expert Panel With Horizon Scan 

Value of Study Design 
We suggest that as a first step, prior to conducting new research studies to assess the best 

biomarker to monitor the response to therapy and repletion status, an expert panel should be 
convened to determine which markers appear most promising to explore in future research. 
Markers that can separate cell hemoglobinization from cell production would have a better 
chance of elucidating the underlying mechanism, and should the mechanism in question 
eventually become the treatment target, the anemia might as a consequence be more 
appropriately managed. Markers that have a specificity to the responses related to ESA or iron 
delivery would be optimal. The panel should assess which outcomes (e.g., specificity, sensitivity, 
adverse events) and test characteristics (e.g., test availability/accessibility, cost) are appropriate 
to consider in determining an ideal marker to monitor response to therapy and repletion status.  

A Horizon Scan—a cursory summary of topic-relevant studies found using a systematic 
literature search—should be conducted to inform panel decisionmaking. The Horizon Scan could 
also be used to help assess the appropriateness of a CER on this topic. In addition to 
representatives from the current stakeholder categories, this panel should specifically include 
clinical chemists and hematologists. The main drawback to this approach would be that 
stakeholder opinion rather than evidence may well dictate the choice of biomarkers to study. 
However, given the resources that would be required to investigate all possible biomarkers, this 
tradeoff is likely to be reasonable. 

Following identification of the most appropriate biomarkers by the expert panel, and 
determination of a reference standard, prospective cohort studies with consecutive CKD patients 
would pose the ideal study design for future research on this topic. We propose the same study 
design considerations as FRN topic 3, with the exception of study outcomes. Instead of test 
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performance outcomes, future research on this topic should assess clinical or patient-centered 
outcomes. 

Resource Use, Size, and Duration 
Initially, using an expert panel to identify promising biomarkers for future study would be 

more efficient than large studies assessing many different types/combinations of biomarkers, 
which would consume a large amount of resources. Expertise in literature search, assessment, 
and data extraction would be necessary to conduct the accompanying horizon scan.  

Ability To Recruit 
There should be little difficulty recruiting relevant stakeholders for the expert panel. 

Ethical Issues 
There should be no ethical issues in using an expert panel and horizon scan to investigate this 

evidence gap. 

High-Priority Future Research Needs Topic 5 
What is the best biomarker to monitor iron overload as an adverse event resulting from 

treatment of iron deficiency?  

Background 
Iron overload increases the risk for liver disease (cirrhosis, cancer), heart attack or heart 

failure, diabetes mellitus, osteoarthritis, osteoporosis, metabolic syndrome, hypothyroidism, 
hypogonadism, numerous undesirable symptoms, and in some cases premature death.  

The original CER looked for evidence of the adverse effects or harms associated with the 
treatments guided by tests of iron status. However, it found insufficient evidence for this 
question. 

Stakeholder Discussion 
This topic was brought up during stakeholder discussion regarding the change in current 

dialysis practice, that is, decreasing ESA dosing while increasing iron treatment to reach the 
target hemoglobin level. The stakeholders stated that the increase in iron treatment will be 
accompanied by an increased risk of iron overload. In the opinions of the stakeholders, there are 
currently no reliable markers for monitoring iron overload. 

Proposed Study Designs 
Although the FRN topic poses a simple, non-comparative question, it is unclear which 

biomarkers are most appropriate and relevant for study. Other potential biomarkers beyond the 
biomarkers of interest in the CER may be considered in future research. In the study design 
section below, we initially propose a Consensus Expert Panel with Horizon Scan to further 
circumscribe the potentially limitless list of biomarkers. 
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Consensus Expert Panel With Horizon Scan 

Value of Study Design 
We suggest that as a first step, prior to conducting new research studies to assess the best 

biomarker to monitor iron overload as an adverse event, an expert panel should be convened to 
determine which markers appear most promising to explore in future research. Ideal markers 
would be significantly associated with clinically important outcomes. Horizon Scan could also 
be used to help assess the appropriateness of a systematic review on the associations between the 
markers of interest and clinically important outcomes. 

Resource Use, Size, and Duration 
Initially, using an expert panel to identify promising biomarkers for future study would be 

more efficient than large studies assessing many different types/combinations of biomarkers, 
which would consume a large amount of resources. Expertise in literature search, assessment, 
and data extraction would be necessary to conduct the accompanying horizon scan.  

Ability To Recruit 
There should be little difficulty recruiting relevant stakeholders for the expert panel. 

Ethical Issues 
There should be no ethical issues in using an expert panel and horizon scan to investigate this 

evidence gap. 
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Discussion 
Challenges  

The prioritization of topics for future research is a stakeholder-driven process. Our 
stakeholder panel represented a broad range of perspectives, from a well-informed patient 
advocate to clinical experts and policy makers. However, our stakeholder panel is unlikely to 
represent all perspectives because we did not use formal sampling methods to select our 
stakeholder members. The process of engagement though multiple teleconferences enabled us to 
get a well-rounded perspective, and we believe that the process of sharing the minutes of each 
discussion with all stakeholders enabled them to appreciate one another’s viewpoint. We were 
able to obtain input from all members of the stakeholder panel, and the final selection of 
prioritized future research topics showed a clear preference for the top 5 listed. 

Medical tests are used to help treatment decisions for one or more purposes in the disease 
prevention and management process: determining predisposition (who could develop the 
disease), screening (who has asymptomatic disease), diagnosis (who has symptomatic disease), 
staging (how advanced is the disease), prognosis (how progressive will the disease be), 
stratification (who will be a responder), efficacy (is the drug effective), monitoring (is the disease 
controlled), to measuring recurrence (relapse of disease). The ideal study design and sampling 
populations to investigate a medical test would vary depending on the purpose of the test, in 
order to maximize the internal and external validity of a study. For example, to evaluate the test 
performance of a diagnostic test, it is ideal to recruit consecutive patients with or without anemia 
and who have not received any treatment. In contrast, to evaluate the test performance of a 
monitoring test, it is ideal to recruit consecutive patients who have been diagnosed with and are 
receiving treatment for anemia.  

One of the challenges in the current FRN project is that an iron status test can be used for the 
purposes of diagnosis or monitoring for the iron deficiency anemia in CKD patients, but the 
published studies don’t often specify the purpose of the iron biomarkers evaluated. The same 
tests were being used for all three purposes without considering biases in interpretations of test 
results are highly likely to occur in this case. For example, treatment paradox occurs when 
treatment is started on the basis of the knowledge of the results of the index test, and the 
reference standard is applied after treatment has started. Another common bias arising in this 
situation is incorporation bias, which occurs when the index test is used to establish the final 
diagnosis. Thus, before future research on the top priority topics can be conducted, a truly 
independent reference standard of iron deficiency anemia must be established.  

It should also be noted that patients’ iron status can change spontaneously (due to changes in 
diet or unrelated metabolic and inflammatory conditions) or based on the treatment received. 
Therefore, it is important to control for these confounding factors in future research, which will 
require large sample sizes to reach sufficient statistical power.  

Out-of-Scope Future Research Needs Topics  
In addition to the 17 FRN topics eligible for prioritization, stakeholders identified 4 topics 

(Table 6) determined to be out-of-scope for the current FRN project. In general, topics were 
deemed out-of-scope if the state of the evidence was not rigorously assessed as part of the prior 
CER, such as studies of pediatric CKD patients, cost effectiveness and cost utility. Moreover, 
while these topics were areas of interest among stakeholders, some were not specific to anemia 
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biomarkers (e.g., Topic #1), did not address test effectiveness (e.g., Topic #2), and could be 
viewed as major research fields unto themselves. 

Table 6. Topics outside scope of Future Research Needs project 
# Topic 
1 What is the best method to translate the results of clinical tests to relevant management decisions? 
2 What is the availability of newer biomarkers in routine clinical practice? 
3 What is the impact of use of these tests on clinical practice? 
4 What is the best marker to identify erythropoietin hyporesponsive patients?  
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Conclusions 
Our CER and FRN stakeholder discussions identified the top future research gaps, and 

highlighted the great deal of confusion/uncertainty in using newer and/or classical laboratory 
biomarkers of iron status for the purposes of diagnosis or monitoring iron deficiency anemia in 
CKD patients. The chief factor causing this confusion and uncertainty is the lack of a well-
accepted reference standard for iron deficiency anemia. The most effective first step would be to 
establish a common reference standard for iron deficiency anemia, considering two separate and 
distinct definitions: absolute and functional iron deficiency. The ideal reference standard should 
be independent of index tests and test-directed treatment to maximize the internal validity of 
study results.  
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sTfR Soluble transferrin receptor 
TSAT Transferrin saturation 
ZPP Zinc protoporphyrin  
 
 



 

A-1 

Appendix A. Future Research Needs Process 

 
 
Abbreviations: CER = Comparative Effectiveness Review; EPC = Evidence-based Practice Center; FRN = Future Research 
Needs



 

B-1 

Appendix B. Effective Health Care 
Program Selection Criteria 

Appropriateness: 
• Represents a health care drug, intervention, device, technology or health care 

system/setting available (or soon to be available) in the United States. 
• Relevant to 1013 enrollees (Medicare, Medicaid, S-CHIP, other federal health care 

programs. 
• Represents one of the priority conditions designated by the U.S. Department of 

Health and Human Services (HHS).  
 
Importance: 

• Represents a significant disease burden, large proportion or priority population. 
• Is of high public interest; affects health care decision-making, outcomes, or costs for 

a large proportion of the U.S. population or for a priority population in particular. 
• Was nominated/strongly supported by one or more stakeholder groups. 
• Represents important uncertainty for decisionmakers. 
• Incorporates issues around both clinical benefits and potential clinical harms. 
• Represents important variation in clinical care, or controversy in what constitutes 

appropriate clinical care. 
• Represent high costs to consumers, patients, health care systems or payers; due to 

common use, high unit costs, or high associated costs. 
 
Desirability of New Research/Duplication: 

• Would not be redundant (i.e., the proposed topic is not already covered by available 
or soon-to-be available high quality systematic review by AHRQ or others). 

 
Feasibility: 

• Effectively uses existing research and knowledge by considering adequacy of 
research for conducting a systematic review, and newly available evidence. 

 
Potential Impact: 

• Potential for significant health impact, significant economic impact, potential change, 
potential risk from inaction, addressing inequities and vulnerable populations, and/or 
addressing a topic with clear implications for resolving important dilemmas in health 
and health care decisions made by one or more stakeholder groups.  
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Appendix C. Yield of Ongoing Studies 
Search on ClinicalTrials.gov for ongoing research found eight studies with a search of: (iron 

deficiency OR response to iron) AND ((chronic kidney disease) OR dialysis) | Open Studies | 
Exclude Unknown | Adult, Senior 
 

NCT ID Title Recruitment Interventions Enrollment 

NCT01227616 

A Phase IV Trial of Ferumoxytol for the 
Episodic Treatment of Iron Deficiency 
Anemia in Patients With Chronic Kidney 
Disease 

Not yet 
recruiting Drug: Ferumoxytol 300 

NCT01102413 

Iron Isomaltoside 1000 (Monofer®) in 
Non-Dialysis Dependent Chronic Kidney 
Disease and With Renal-Related 
Anaemia Recruiting 

Drug: Monofer | 
Drug: Iron Sulphate 350 

NCT00830037 
A Clinical Trial of Oral Versus IV Iron in 
Patients With Chronic Kidney Disease Recruiting 

Drug: IV Iron | Drug: 
Ferrous Sulfate 200 

NCT01509690 

Impact of a Multidisciplinary Intensive 
Management Clinic on Outcomes in 
Multi-Ethnic Asian Incident Hemodialysis 
Patients Recruiting 

Other: 
Multidisciplinary, 
intensive and 
collaborative care 150 

NCT01587924 

4 Week Switch Study in Hemodialysis-
dependent Subjects With Anemia 
Associated With Chronic Kidney Disease Recruiting 

Drug: GSK1278863 | 
Drug: rhEPO 68 

NCT01414075 
Study of FG-4592 to Correct Anemia in 
New Dialysis Patients Recruiting Drug: FG-4592 60 

NCT01532349 

Vitamin D as a Modifier of Serum 
Hepcidin in Children With Chronic 
Kidney Disease 

Not yet 
recruiting Drug: Cholecalciferol 28 

NCT01138241 
Tenofovir Renal Toxicity and Glomerular 
Filtration Rate (GFR) Validation Recruiting Observational study  700 
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