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APPENDIX A. POSTMARKETING REPORTS ON NSF
ASSOCIATED WITH GBCA EXPOSURE

Targeted Class of

Pu'ﬁf::mn GBCA or Specific Patient Population Summary of Recommendations
Agents
20062 All GBCAs Patients with First public report of NSF; after exposure
advanced kidney to Omniscan
failure

GBCAs should be used only if necessary
Consider dialysis after GBCA exposure
2007° All GBCAs All patients Include Boxed Warning on product
labelling of all GBCAs indicating NSF risk
in patients with severe kidney insufficiency

2010¢ Magnevist, Patients with These three GBCAs are contraindicated in
Omniscan, and impaired drug these patient subgroups
Optimark elimination (eg, AKI

or severe CKD)
(eGFR <30 mL/min)
2010¢ All GBCAs Patients with Avoid use of GBCAs unless alternative
suspected impaired imaging modalities are unavailable
drug elimination
Screen for risks for impaired drug
elimination, including patients with CKD or
AKI
2015° All GBCAs All patients FDA commenced investigations on risks
and mechanisms for retention/
accumulation of gadolinium in tissues

2017° All GBCAs All patients FDA’s review identified no evidence of
adverse effects from gadolinium retention
in the brain

20179 All GBCAs All patients A required labelling update indicating

gadolinium retention in the Adverse
Reactions and Patient Instructions sections
* http://wayback.archive-
it.org/7993/20170112033022/http: /www.fda.gov/Drugs/DrugSafety/PostmarketDrugSafetylnformation forPatientsa
ndProviders/ucm053112.htm
® http://wayback.archive-
it.org/7993/20170112033008/http://www.fda.gov/NewsEvents/Newsroom/Press Announcements/2007/ucm108919.h
tm
¢ https://wayback.archive-it.org/7993/201804242322 19/https.//www.fda.gov/Drugs/DrugSafety/ucm2 2396 6.htm
4 https:/www.fda.gov/drugs/drug-safety -and-availa bility/fda-drug-safety -communication-fda-warns-gadolinium-
based-contrast-agents-gbcas-are-retained-body
¢ https://wayback.archive-it.org/7993/201804242319 18/https://www.fda.gov/Drugs/DrugSafety/ucm4 5538 6.htm
f https:/wayback.archive-it.org/7993/20180424 191936/https://www.fda.gov/Drugs/DrugSafety ucm559007.htm
£ https://wayback.archive-it.org/7993/20 18042419 1926 /https: /www.fda.gov/Drugs/DrugSafety/ucm589213.htm
Abbreviations: AKI=acutekidney injury; CKD=chronic kidney disease; eGFR=estimated glomerular filtrationrate;
GBCA=gadolinium-based contrasta gent; NSF=nephrogenic systemic fibrosis
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Risk of NSF After Exposure to Newer GBCAs Evidence Synthesis Program

APPENDIX B. GBCA GUIDELINES

American College of Radiology — Published in 2018
ACR Manual on Contrast Media. (2018).[PDF] (10thed.)

General Guidance
Group Il GBCAs:
e Strongly preferred [over Group | and IlI] for any patient at risk of
F

¢ Informed consent is not recommended (deference made to local
practice preferences)

e Assessment of renal function with a questionnaire or laboratory
testing is optional prior to intravenous administration at standard
or lower dosages

e Group Il GBCAs should only be administered if deemed
necessary by the supervising radiologist, and the lowest dose
needed for diagnosis

Group Il or lll GBCAs:

e Consider patients with any of the following to be at risk for NSF:

any form of dialysis, stage 4/5 CKD not on dialysis, AKI

At Risk For CKD
Inpatient

¢ An eGFRlevel should be obtained within 2 days prior to planned
administration of a group | or group IIl GBCA

e Assess for the possibility of AKI [independent of eGFR], as eGFR

Gad Use calculation alone has limited accuracy for the detection of AKI
Recommendation Outpatient
By Patient e If receiving group | or lll GBCA, screen for conditions/factors that
Population are associated with renal impairment (eg, history of renal disease,

kidney transplant, single kidney, kidney surgery, h/o renal cancer,
hypertension on medical therapy, diabetes)

o Patients identified to be at risk for having reduced renal function
should be assessed by laboratory testing (checking results of
prior laboratory tests performed within an acceptable time
window, and ordering new laboratory tests only if necessary) and
calculation of eGFR

e If mostrecent prior eGFRis 45 or above, and:

*NO risk factors and e GFR >60 or above, then no eGFR required

*WITH risk factors and/or e GFR 45-59, if most recent e GFR is within
6 weeks of the MRI, no new eGFR is needed; otherwise obtain a
new eGFR

e If mostrecent prior eGFR 44 or below, obtain [new] eGFR within
2 days of the MRI study

AKI
e Group | agents should be avoided in patients with known or
suspected AKI
e If GBCAis to be administered in this setting, agroup Il agent is
preferred
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CKD By Stage/GFR
CKD 1or2 (eGFR 60 to 119 mImin/1.73 m?)

e There is no evidence that patients in these groups are at
increased risk of developing NSF. Any GBCA can be
administered safely to these patients

CKD 3 (eGFR 30to 59 mL /min/1.73 m?)

¢ NSF developing after GBCA administration to patients with stable
eGFR30-59ml/min/1.73m2 is exceedingly rare. No special
precautions are necessary in this group

CKD 4 or 5 (eGFR <30 mL/min/1.73 m?) not on chronic dialysis

e Group | agents are contraindicated in this setting. If a GBCA-
enhanced MRI study is to be performed, a group Il agent should
be used

Severe or end-stage CKD(CKD4 or 5, eGFR < 30 mL/ min/1.73m?)
without dialysis

e Patients receiving group | GBCAs should be considered at risk of
developing NSF

Dialysis

e Group | GBCAs contraindicated

e Group Il GBCAs recommended

o Elective GBCA-enhanced MRI examinations should be performed
as closely before hemodialysis as is possible

e Peritoneal dialysis may provide less NSF risk reduction compared
to hemodialysis, but this has not been adequately studied

Transplant
e Considered arisk factor for renal impairment as noted above
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Canadian Association of Radiologists — Published in 2019
Schieda, N., Maralani, P. J., Hurrell, C., Tsampalieros, A. K., & Hiremath, S. (2019). Updated
Clinical Practice Guideline on Use of Gadolinium-Based Contrast Agents in Kidney Disease
Issued by the Canadian Association of Radiologists. Canadian Association of Radiologists
Journal. doi:10.1016/.carj.2019.04.001

Schieda, N., Blaichman, J. I., Costa, A. F., Glikstein, R., Hurrell, C., James, M., Maralani, P.
J., Shabana, W., Tang, A., Tsampalieros, A., van der Pol, C. B., & Hiremath, S. (2018).
Gadolinium-based contrast agentsin kidney disease: a comprehensive review and clinical
practice guideline issued by the Canadian Association of Radiologists. Canadian Journal of
Kidney Health and Disease, 5, 2054358118778573.

General Guidance
Outpatient
e Screening for renal function in outpatients with patient

guestionnaires or serum creatinine at time of ordering GBCA
enhanced MRI, scheduling of GBCA enhanced MRI or at the time
of GBCA enhanced MRI to identify patients with possible renal
dysfunction is no longer recommended when using Group |l
GBCAs or the Group Il agent gadoxetic acid2

Inpatient
e Assess for potential AKI regardless of their eGFR, as eGFR is not
always representative of renal function in this setting

Gad Use . At Risk For CKD
Recommendation e Gadodiamide, gadopentetic acid, or gadoversetamide in at-risk
By Patient patients absolutely contraindicated
Population AKI

e Should be managed similar to those with eGFR < 30 mL/min/1.73
m2

e Delay GBCA administration when possible until renal function
stabilizes or ameliorates depending on the patients underlying
cause for acute renal dysfunction@

e Gadopentetate dimeglumine, gadodiamide, and gadoversetamide
remain absolutely contraindicated

e As kidney function is not stable in patients with AKI, risk
assessment for NSF should not be made on the basis of eGFR
alone

e When administering Group Il or [l GBCAs informed consent
relating to NSF is not necessary
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CKD By Stage/GFR

Patients with CKD 1 or 2 (e GFR between 60 and 90 ml min/1.73 m?)
¢ No special precautions should be taken in these patients

Patients with CKD 3 (eGFR between 30 and 60 mL / min/1.73 m?)

e For patients with moderately reduced kidney function,
administration of standard doses of GBCA is safe and no
additional precautions are necessary

e No need for informed consent?

Patients with CKD 4 or 5 (e GFR <30 mL / min/1.73 m?) or Dialysis-
Dependent Patients

e Alternative diagnostic tests should be considered before GBCA
are prescribed

e Gadopentetate dimeglumine, gadodiamide, and gadoversetamide
remain absolutely contraindicated

e When MRIis considered necessary for patient care then
gadolinium enhanced examinations using Group || GBCAs
(namely macrocyclic GBCA and gadobenate dimeglumine) or the
Group Il agent gadoxetic acid may be performed without any
patient informed consent

Dialysis

e Manage as per patients with CKD 4/5 described above

¢ Dialysis-dependent patients should receive dialysis; HD should be
performed [following] GBCA administration, ideally within 2-3
hours of MRI. However, initiating dialysis or switching from
peritoneal to hemodialysis to reduce the risk of NSF is unproven?

e Gadopentetate dimeglumine, gadodiamide, and gadoversetamide
remain absolutely contraindicated

e When administering Group Il or [Il GBCAs informed consent
relating to NSF is not necessary

Transplant
(No specific recommendations)
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European Medicines Agency — Publishedin 2017
Gadolinium-containing contrast agents - European Medicines Agency. (2017). Retrieved from
https://www.ema.europa.ewen/medicines/human/referrals/gadolinium-containing-contrast-

agents

General Guidance

e Intravenous linear agents gadoxetic acid and gadobenic acid can
continue to be used for liver scans because they are taken up in
the liver and meet an important diagnostic need

e Gadopentetic acid given intra-articularly (into the joint) can
continue to be used for joint scans because the dose of
gadolinium used for joint injections is very low
All other intravenous linear products (gadodiamide, gadopentetic
acid and gadoversetamide) should be suspendedin the EU

e Macrocyclic agents (gadobutrol, gadoteric acid and gadoteridol)
are more stable and have a lower propensity to release
gadolinium than linear agents. These products can continue to be
used in their current indications but in the lowest doses that
enhance images sufficiently and only when unenhanced body
scans are not suitable

Gad Use
Recommendation

Kidney Disease: Improving Global Outcomes (KDIGO) — Published in 2013
KDIGO. (2013). KDIGO 2012 clinical practice guideline for the evaluation and management of
chronic kidney disease Clinical Practice Guidelines. Retrieved from
https.//www.quidelinecentral. com/summatrie s/kdigo-2012-clinical-practice-guideline-for-the-
evaluation-and-management-of-chronic-kidney-disease/#section-date

CKD By Stage/GFR
e The Work Group recommends not using gadolinium-containing

Gad Use contrast media in people with GFR <15 ml/min/1.73 m2 (GFR
Recommendation category G5) unless there is no alternative appropriate test
By Patient e The Work Group suggests that people with a GFR <30
Population ml/min/1.73 m2 (GFR categories G4—G5) who require gadolinium-

containing contrast media are preferentially offered a macrocyclic
chelate preparation

US Food and Drug Administration (FDA) — Published in 2018
FDA Center for Drug Evaluation and Research. (2018). New warnings for gadolinium-based
contrast agents (GBCAs) for MRI. Retrieved from https://www.fda.gov/drugs/drug-safety-and-
availability/fda-drug-safety-communication-fda-wams-gadolinium-based-contrast-agents-
gbcas-are-retained-body

FDA Center for Drug Evaluation and Research. (2018). gadolinium-based contrast agents in
patients with kidney dysfunction. Retrieved from https./www.fda.gov/drugs/drug-safety-and-

availability/fda-drug-safety-communication-new-wamings-using-gadolinium-based-contrast-

agents-patients-kidney

General Guidance

Recfn?rignsdeation e Gadoliniumretention has not been directly linked to adverse
Bv Patient health effects in patients with normal kidney function, and we
ngulation have concluded that the benefit of all approved GBCAs continues

to outweigh any potential risks
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e Health care professionals should consider the retention
characteristics of each agent when choosing a GBCA for patients
who may be at higher risk for gadolinium retention (see Table 1
listing GBCAs). These patients include those requiring multiple
lifetime doses, pregnant women, children, and patients with
inflammatory conditions. Minimize repeated GBCA imaging
studies when possible, particularly closely spaced MRI studies.
However, do not avoid or defer necessary GBCA MRI scans

e Linear GBCAs resultin more retention and retentionforalonger
time than macrocyclic GBCAs. Gadolinium levels remaining in the
body are higher after administration of Omniscan (gadodiamide)
or OptiMARK (gadoversetamide) than after Eovist (gadoxetate
disodium), Magnevist (gadopentetate dimeglumine), or
Multihance (gadobenate dimeglumine). Gadolinium levels in the
body are lowest after administration of Dotarem (gadoterate
meglumine), Gadavist (gadobutrol), and ProHance (gadoteridol);
the gadoliniumlevels are also similar across these agents

e Avoid use of GBCAs in patients suspected or known to have
impaired drug elimination unless the need for the diagnostic
information is essential and not available with non-contrasted MRI
or other alternative imaging modalities

e Do notrepeat administration of any GBCA during a single imaging
session

e Record the specific GBCA and the dose administered to a patient

e When administering a GBCA, do not exceed the recommended
dose. Prior to any re-administration, allow sufficient time for
elimination of the GBCA from the body (eg, multiple half-lives), as
described in the Pharmacokinetics section of the labeling. GBCA
elimination half-lives are prolonged in patients with renal
impairment; for a GBCA that involves significant hepato-biliary
elimination, liver dysfunction may also prolong elimination time

e Advise patients with kidney disease to contact a healthcare
professional if any of the following symptoms occurs after
receiving a GBCA: burning, itching, swelling, scaling, hardening
and tightening of the skin; red or dark patches on the skin;
stiffness in joints with trouble moving, bending or straightening the
arms, hands, legs or feet; pain in the hip bones or ribs; or muscle
weakness

e Report any adverse events with GBCAs to FDA's MedWatch
program

Approved Gadolinium-Based Contrast Agents
o Ablavar (gadofosveset trisodium)

Eovist (gadoxetate disodium)

Magnevist (gadopentetate dimeglumine)

Multihance (gadobenate dimeglumine)

Omniscan (gadodiamide)

Optimark (gadoversetamide injection)

Prohance (gadoteridol)
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At Risk For CKD
e Use the clinical history to screen patients for features of AKI or
risk factors for chronically reduced kidney function

AKI

e Screen patients prior to administration of a GBCA to identify those
with AKI or chronic, severe, kidney disease. These patients
appear to be at highest risk for NSF

e Use the clinical history to screen patients for features of AKI or
risk factors for chronically reduced kidney function

e [These] patients [are] at greatest risk for developing NSF after
receiving GBCAs [due to] impaired elimination of the drug. Higher
than recommended doses or repeat doses of GBCAs also appear
to increase the risk for NSF

e Do not use three of the GBCA drugs--Magnevist, Omniscan, and
Optimark. These three GBCA drugs are contraindicated in these
patients

CKD By Stage/GFR

e Screen patients prior to administration of a GBCA to identify those
with AKI or chronic, severe, kidney disease. These patients
appear to be at highest risk for NSF

e (eGFR<30mL/min/1.73 m?) [These] patients [are] at greatest
risk for developing NSF after receiving GBCAs [due to] impaired
elimination of the drug. Higherthan recommended doses or
repeat doses of GBCAs also appear to increase the risk for NSF

¢ Do not use three of the GBCA drugs--Magnevist, Omniscan, and
Optimark. These three GBCA drugs are contraindicated in these
patients

Dialysis
o For patients receiving hemodialysis, physicians may consider the
prompt initiation of hemodialysis following the administration of a
GBCA in order to enhance the contrast agent's elimination from
the body. The usefulness of hemodialysis in the prevention of
NSF is unknown

*The guidelines have qualifying statements.
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APPENDIX C. SEARCH STRATEGIES

MEDLINE (via PubMed)
Search date: 1/7/2019

#1

#2

#3
#4

#5
#6

#r
#8

"gadolinium"[mesh] OR "gadoterate meglumine"[supplementary concept] OR 33,757
"gadobutrol"[supplementary concept] OR "gadoteridol"[supplementary concept] OR

"gadobenic acid"[supplementary concept] OR gadolinium[tw] OR GBCA[tw] OR

GBCAs[tw] OR "gadoterate meglumine"[tw] OR "gadoteric acid"[tw] OR dotarem[tw]

OR artirem[tw] OR clariscan[tw] OR gadobutrol[tw] OR gadavist[tw] OR gadovist[tw]

OR gadograf[tw] OR gadoteridol[tw] OR prohance[tw] OR "gadobenate

dimeglumine"[tw] OR "gadobenic acid"[tw] OR multihance[tw] OR "gadoxetate

disodium"[tw] OR "gadoxetic acid"[tw] OR eovist[tw] OR primovist[tw] OR gadograf[tw]

("contrast media"[mesh] OR "contrast media"[pharmacological action] OR "contrast 48,810
media"[tw] OR "contrast medium"[tw] OR "contrast agent"[tw] OR "contrast agents"[tw]

OR "contrastdye"[tw] OR "contrast dyes"[tw] OR "contrast enhanced"[tw]) AND

("magnetic resonance imaging"[mesh] OR "magnetic resonance imaging,

interventional"[mesh] OR "magnetic resonance imaging"[tw] OR "magnetic resonance
angiography"[tw] OR MRI[tw] OR MRA[tw])

#1 OR #2 62,787
"nephrogenic fibrosing dermopathy”[mesh] OR NSF[tw] OR NFD[tw] OR 3,809
(nephrogenicftw] AND fibros*[tw])

#3 AND #4 813
#5 NOT (animals[mesh] NOT humans[mesh]) 771
#6 NOT (Editorial[ptyp] OR Comment[ptyp]) 689
#7 AND English[lang] 639

EMBASE (via Elsevier)
Search date: 1/7/2019

#1

#2

#3
#4

#5
#6
#7

#8

'gadolinium‘/exp OR 'gadoterate meglumine'/exp OR 'gadoteric acid'/exp OR 61,309
'gadobutrol'/exp OR 'gadoteridol'/exp OR 'gadobenic acid'/exp OR 'gadobenat

dimeglumine’/exp OR 'gadoxetic acid/exp OR gadolinium:ti,ab,kw OR GBCA:ti,ab,kw

OR GBCAs:ti,ab,kw OR 'gadoterate meglumine':ti,ab,kw OR 'gadoteric acid':ti,ab,kw

OR dotarem:ti,ab,kw OR artirem:ti,ab,kw OR clariscan:ti,ab,kw OR gadobutrol:ti,ab,kw

OR gadavist:ti,ab,kw OR gadovist:ti,ab,kw OR gadograf:ti,ab,kw OR

gadoteridol:ti,ab,kw OR prohance:ti,ab,kw OR 'gadobenate dimeglumine':ti,ab,kw OR
'gadobenic acid":ti,ab,kw OR multihance:ti,ab,kw OR 'gadoxetate disodium'’:ti,ab,kw

OR 'gadoxetic acid"ti,ab,kw OR eovist:ti,ab,kw OR primovist:ti,ab,kw OR

gadograf:ti,ab,kw

(‘contrast media/exp OR 'contrast media':ti,ab,kw OR 'contrast medium':ti,ab,kw OR 72,313
'contrast agent'ti,ab,kw OR 'contrast agents':ti,ab,kw OR 'contrast dye':ti,ab,kw OR

‘contrast dyes':ti,ab,kw OR 'contrast enhanced"ti,ab,kw) AND (' nuclear magnetic

resonance imaging'/exp OR 'magnetic resonance imaging'ti,ab,kw OR 'magnetic

resonance angiography':ti,ab,kw OR MRI:ti,ab,kw OR MRAti,ab,kw)

#1 OR #2 119,975
'nephrogenic systemic fibrosis'/exp OR NSF:ti,ab,kw OR NFD:ti,ab,kw OR 5,192
(nephrogenic:ti,ab,kw AND fibros*:ti,ab,kw)

#3 AND #4 1,405
#5 AND [humans]/lim 1,242
#6 NOT (‘editorial/exp OR 'letter'/fexp OR 'note'/exp OR [conference abstract]/lim) 927
#7 AND [english]/lim 853

Cochrane Register of Controlled Trials (via Wiley)

% “« <)



Risk of NSF After Exposure to Newer GBCAs Evidence Synthesis Program

Search Date Within CENTRAL: 1/7/2019

#1  [mh"gadolinium"] OR gadolinium OR GBCA OR GBCAs OR "gadoterate meglumine" 2,138
OR "gadoteric acid" OR dotarem OR artirem OR clariscan OR gadobutrol OR gadavist
OR gadovist OR gadograf OR gadoteridol OR prohance OR "gadobenate
dimeglumine" OR "gadobenic acid" OR multihance OR "gadoxetate disodium" OR
"gadoxetic acid" OR eovist OR primovist OR gadograf
#2  [mh "contrast media"] OR "contrast media" OR "contrast medium" OR "contrast 5,789
agent" OR "contrastagents" OR "contrastdye" OR "contrast dyes" OR "contrast
enhanced"
#3  [mh "magnetic resonance imaging"] OR [mh "magnetic resonance imaging, 23,641
interventional'] OR "magnetic resonance imaging" OR "magnetic resonance
angiography" OR MRI OR MRA
#4  #2 AND #3 1,645
#5 #10OR#4 3,021
#6 [mh "nephrogenic fibrosing dermopathy"] OR NSF OR NFD 124
#7  nephrogenic AND fibros* 22
#3  #6 OR #7 141
#9 #5AND #8 18
#10 #9 limit to Trials 15

Web of Science Core Collection (via Clarivate)
Search date: 1/7/2019

#1

#2
#3

#5
#6
#7
#8
#9

TS=(gadolinium OR GBCA OR GBCAs OR "gadoterate meglumine" OR "gadoteric 38,662
acid" OR dotarem OR artirem OR clariscan OR gadobutrol OR gadavist OR gadovist

OR gadograf OR gadoteridol OR prohance OR "gadobenate dimeglumine" OR

"gadobenic acid" OR multihance OR "gadoxetate disodium" OR "gadoxetic acid" OR

eovist OR primovist OR gadograf)

TS=("contrast media" OR "contrast medium" OR "contrast agent" OR "contrast 89,925
agents" OR "contrast dye" OR "contrastdyes" OR "contrast enhanced")

TS=("magnetic resonance imaging" OR "magnetic resonance imaging, interventional" 410,317
OR "magnetic resonance imaging" OR "magnetic resonance angiography" OR MRI

ORMRA)

#2 AND #3 35,768
#1 OR #4 66,398
TS=(nephrogenic AND fibros*) 2,257
#5 AND #6 1,592
#7 AND [Restrict to English language] 1,540
#8 AND [Restrict to Article OR Review] 1,355
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APPENDIX D. EXCLUDED STUDIES

Excluded references are listed following this table.

Evidence Synthesis Program

Exclusion Reason

Study

Not full publication

Not population of
interest

Not eligible
intervention

Not eligible design

Not eligible
outcome

Abujudeh, 2010’

X

Aggarwal, 20112

Aires, 2007°

Al Habeeb, 20094

Alhadad, 2012°

Altun, 20096

Aluma, 20077

Amuluru, 20098

Anavekar, 2008°

XXX XXX | X]| X

Andrews, 2008

Anonymous, 2007"

Anonymous, 2010%

Anonymous, 2010™

Anzalone, 2011"

XXX | X]| X

Auron, 2006

Azzouz, 2014

Bahrami, 2009"

Bainotti, 2008

Bangsgaard, 2011

Bangsgaard, 2009%

Barker-Griffith, 20112’

Baron, 2003%

XXX XXX | X]|X

Baumgarten, 2008%

Bayliss, 2008%

x

68

€ <

4




Gadolinium Agents for Patients with CKD

Evidence Synthesis Program

Exclusion Reason

Study

Not full publication

Not population of
interest

Not eligible
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