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Abstract

Fanconi syndrome (FS) is a severe grade of drug-induced proximal tubule toxicity. There are numerous causes for acquired FS,
and drug toxicity is one of the most common. FS is known to be associated with the nucleoside reverse transcriptase inhibitor
(NRTI) tenofovir disoproxil fumarate (TDF). TDF is often used in combination with emtricitabine (FTC) for preexposure
prophylaxis (PrEP) of human immunodeficiency virus (HIV) infection. TDF/FTC-induced FS has been observed as a dose-
related phenomenon that is directly correlated to kidney function, high levels of absorption of the drug into the proximal
tubule, and interactions with other medications. This case report describes a patient who acquired FS after starting TDF/FTC
for PrEP in the setting of chronic kidney disease (CKD) with concomitant tacrolimus therapy, a known nephrotoxic agent.
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Introduction

Fanconi syndrome (FS) is one of the most severe grades of
drug-induced proximal tubule toxicity.! There are numerous
causes for acquired FS, but drug toxicity is one of the most
common, with prior studies demonstrating the association
that anti-viral medications have with this form of proximal
tubule toxicity. FS is associated with the anti-viral tenofovir
(TDF), which works as a reverse transcriptase inhibitor and
is used in combination with emtricitabine (FTC) for preex-
posure prophylaxis (PrEP) prevention of human immunode-
ficiency virus (HIV) infection in unaffected individuals who
are in an ongoing relationship with a partner living with
HIV.? TDF/FTC-induced FS has been observed as a dose-
related phenomenon that is directly correlated to kidney
function, high levels of absorption of the drug into the proxi-
mal tubule, as well as interactions with other medications.'
Similarly, we report a case of a patient who acquired FS
after starting TDF/FTC for PrEP in the setting of chronic
kidney disease (CKD) with concomitant tacrolimus ther-
apy, a known nephrotoxic agent. This scenario and interac-
tion underscore the need to consider risk factors which may
predispose patients to developing proximal tubule toxicity
with TDF/FTC.

Case Report

A female in her early 60s presented to the emergency depart-
ment (ED) with a chief complaint of sporadic and intractable
nausea and vomiting that had been worsening over a 2-week

period, acute kidney injury (AKI), hypokalemia, and ele-
vated anion gap metabolic acidosis. Her history revealed
numerous visits to the ED over the past year with the same
complaint, presentation, and worsening serum creatinine.
The diagnostic uncertainty and plan for further workup as an
outpatient was discussed with the patient during these ED
visits.

The patient’s pertinent past medical history to this case is
significant for heart transplant due to dilated cardiomyopa-
thy, chronic immunosuppression, stage III CKD diagnosed
5 years prior, and exposure to HIV from her partner. In addi-
tion, testing revealed she was negative for HIV, as well as
hepatitis B virus (HBV). Her home medication of interest for
this case included TDF/FTC 200/300 mg daily, which she
was initiated 2 years prior and without dose adjustment for a
baseline creatinine clearance (CrCl) of approximately 41
mL/min. The patient was also on tacrolimus and mycophe-
nolate for the past 5 years. Other home medications include
clonidine, quetiapine, potassium, pravastatin, oxymorphone,

'University of Wyoming, Laramie, USA
2University of Utah Health, Salt Lake City, USA
3Sheridan VA Medical Center, Sheridan, WY, USA

Received June 14, 2021. Revised August 31, 2021. Accepted September
12, 2021.

Corresponding Author:

Becky S. Linn, PharmD, Associate Professor, Clinical, School of Pharmacy,
University of Wyoming, 1000 E. University Ave., Laramie, WY 82071,
USA.

Email: blinn@uwyo.edu

@ @@ Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction
and distribution of the work without further permission provided the original work is attributed as specified on the SAGE and Open Access pages

(https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://journals.sagepub.com/home/hic
mailto:blinn@uwyo.edu

Journal of Investigative Medicine High Impact Case Reports

Table I. Baseline and ED Values.

Lab measurement Value at baseline ED presentation Reference

Serum blood draw
Bicarbonate (mEq/L) 15-21 8 22-30
Anion Gap I8 19 4-15
Potassium (mEq/L) 3.0 33 3.5-5.1
Magnesium (mg/dL) n/a 1.2 1.9-2.7
Phosphorus (mg/dL) n/a I.1 2.5-5.0
Calcium (mg/dL) 8 8.6 8.4-10.2
Glucose (mg/dL) 92 109 70-99
Uric acid (mg/dL) 2.0 n/a 2.5-6.2
Tacrolimus (ng/mL) 12.3-25 14.1 8-18

5-10 heart transplant > 6 mos.

Parathyroid hormone (PTH), (pg/mL) n/a 136 14.5-89.6
Creatinine (mg/dL) .4 1.9 0.52-1.04
Blood urea nitrogen (BUN) (mg/dL) 19 14 7-17
Creatinine clearance (ml/min) 41 21 >60

Urine
Protein (mg/dL) >500 1,794 Negative
Glucose (mg/dL) >150 >500 Negative

Abbreviation: ED, emergency department.

and lidocaine patch. The relevant laboratory results from a
venous blood draw and a urinalysis, at baseline and presenta-
tion to the ED, are shown below in Table 1. At baseline, the
patient had an elevated tacrolimus level, and was unsure if
she followed through with the recommended dose reduction
on a prior outpatient visit.

The patient was ultimately admitted and transferred to the
medical floor where she received a normal saline infusion
that improved her acute kidney injury to a creatinine of 1.5
mg/dL. On day 2, venous labs revealed ongoing acidosis,
with the following values shown below in Table 2, and the
patient was transferred to the intensive care unit (ICU) and
nephrology consulted.

Arrangements were made with the transplant and infec-
tious diseases (ID) team after the nephrologist requested
tacrolimus and TDF/FTC be held due to a possible additive
nephrotoxic effect. A sodium bicarbonate intravenous (IV)
infusion at a rate of 150 milliequivalents (mEq) over 12
hours, until serum bicarbonate greater than 14, was initiated.
The ICU electrolyte replacement protocol for calcium (1 gm
IV), potassium (20 mEq), phosphorus (15 mmol), and mag-
nesium (2 gm) was ordered every 2 to 6 hours as needed. The
patient was transferred out of the ICU on day 3 and tacroli-
mus was restarted at a lower dose. Labs on the basic meta-
bolic panel (BMP) were within normal limits by day 6 and
the patient stated she was feeling back to baseline. Ultimately,
the patient was determined to have TDF/FTC-induced FS
based upon her clinical features of proteinuria, hypophos-
phatemia, normoglycemic glycosuria, metabolic acidosis,
hypouricemia, and hypokalemia.!

Upon discharge from the hospital, TDF/FTC was not
restarted for the patient, and tacrolimus was continued at the

reduced dose. The patient also received prescriptions for oral
magnesium oxide, potassium chloride, sodium bicarbonate,
and potassium phosphate. At follow-up, ID recommended
future treatment of PrEP with FTC/tenofovir alafenamide
(TAF).

Discussion and Conclusions

Having a limited number of existing reports, FS is a relatively
uncommon adverse event for anti-viral agents. This case
report is of significance as FS occurred during PrEP therapy,
confirmed via diagnosis by improvement in tubule function
after withdrawal of the drug.! To support the findings from
this case, another case report by Iwata et al described FS in
a male who acquired HIV secondary to TDF/FTC therapy
for standard antiretroviral therapy (ART).* This is again sup-
ported in a case report by Mugwanya et al, which thoroughly
described the effect of TDF-based PrEP along with concomi-
tant nephrotoxic medications to decrease proximal tubule
function and induce FS.’

In addition, we report the additive nephrotoxic effects,
supratherapeutic levels, of tacrolimus in combination with
TDF/FTC based PrEP contributed to the development of FS
in this case. This interaction has not been reported before in
the literature, and this case report is suspected to be the first
identifying the risk of concomitant therapy of the 2 agents.
Drug—drug interaction (DDI) databases as of now do not
mention this interaction.® This has the potential for this DDI
to be missed, as many electronic health record systems will
not flag this interaction, leading to both potentially a failure
in identifying this issue, as well as a delay in identifying it.
While mycophenolate is also well-known to be nephrotoxic,
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Table 2. Day 2-6 Lab Values.

Lab measurement Day 2 Day 3 Day 4 Day 5 Day 6 Reference

Serum blood draw
Bicarbonate (mEg/L) 8 12 15 21 19 22-30
Anion gap 16 14 10 13 12 4-15
Potassium (mEq/L) 3.1 37 3.6 28 43 3.5-5.1
Magnesium (mg/dL) 29 1.6 1.5 1.6 1.7 1.9-2.7
Phosphorus (mg/dL) .1 4.5 2.8 33 33 2.5-5.0
Calcium (mg/dL) 8.0 7.6 7.0 77 7.8 8.4-10.2
Glucose (mg/dL) 95 92 90 85 93 70-99
Uric acid (mg/dL) n/a n/a n/a n/a n/a 2.5-6.2
Tacrolimus (ng/mL) n/a n/a 6.8 n/a n/a 8-18

5-10 heart transplant >6 months

Parathyroid hormone (PTH), (pg/mL) n/a n/a n/a n/a n/a 14.5-89.6
Creatinine (mg/dL) 1.5 1.3 1.2 I.10 1.10 0.52-1.04
Blood urea nitrogen (BUN) (mg/dL) 14 6 9 9 9 7-17
Creatinine clearance (ml/min) 43 50 55 >60 >60 >60

Urine
Protein (mg/dL) nla n/a n/a nla nla Negative
Glucose (mg/dL) 500 n/a n/a n/a nla Negative

it was not believed to be toxic in this patient and the known
medication side effects are not consistent with many of the
clinical features of FS.

Overall, in the setting of FS, it is recommended that
the offending medication be discontinued immediately and
complications be addressed.! In this case report, ID and
nephrology specialists were promptly consulted on day 2 of
admission, facilitating a fairly rapid recognition of this drug-
induced adverse event. TDF/FTC for PrEP was initiated in
the face of risk factors for FS, including CKD, and proximal
tubule complications could have been prevented with the fol-
lowing steps for early detection of renal decline and avoiding
compounding or high-risk factors for renal toxicity:

e Establish baseline kidney function prior to initiating
TDF, and monitor every 4 weeks in the first year.!
Use caution with other nephrotoxic agents.’

Dose reduce or avoid use when CrCl < 60 mL/min®,
Monitor phosphate and vitamin D levels.*

Monitor for potential early symptoms of FS, including
polyuria, bone pain, proximal muscle weakness, and
fractures.!

The patient in this case report developed FS after being
initiated on TDF-based PrEP once daily with CKD and a CrCl
of 41 mL/min. Due to the baseline kidney function, dosing
every other day is recommended instead of the patient’s cur-
rent regimen of a once daily dose. This was not addressed
upon initiation and is likely a reason that this patient devel-
oped FS, further supporting the above recommended steps
for identifying high risk factors of renal toxicity with TDF-
based PrEP. When TDF-induced renal disease is recognized
in a patient, TDF should generally be discontinued, and

alternative therapies explored. In this patient case, the TDF
was being used as HIV PrEP, where there are currently only 2
Food and Drug Administration (FDA)-approved medication
options. The best alternative at this time would be transition
patients to the combination of FTC/ TAF. TAF is a newer
generation nucleoside analog that is a prodrug of tenofovir
that results in up to 90% less systemic drug exposure than
TDF.” There is emerging data to support its safety as an alter-
native in patients that develop renal complications on TDF.?
However, there have been reports of TAF-induced FS have
also been cited.’ Due to the severity of FS, preventative mon-
itoring and dosing strategies should be implemented as they
are essential to mitigate risk of drug-induced kidney damage,
which may have profound consequences for patients.

Authors’ Note

This case report has been previously presented as a poster in abstract
form under the title, “Acute on chronic Fanconi syndrome induced
by tenofovir compounded by tacrolimus toxicity,” at the American
College of Clinical Pharmacy annual meeting in New York, New
York, October 2019.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

Ethics Approval

Our institution does not require ethical approval for reporting indi-
vidual cases or case series.



Journal of Investigative Medicine High Impact Case Reports

Informed Consent

This case report is exempt through our institution’s Institutional
Review Board. Written informed consent was obtained from the
patient(s) for their anonymized information to be published in this
article.

ORCID iD

Becky S. Linn

https://orcid.org/0000-0001-9882-4275

References

1. Hall AM, Bass P, Unwin RJ. Drug-induced renal Fanconi syn-
drome. QJM. 2014;107(4):261-269.

2. Solomon MM, Lama JR, Glidden DV, et al. Changes in renal
function associated with oral emtricitabine/tenofovir diso-
proxil fumarate use for HIV pre-exposure prophylaxis. AIDS.
2014;28:851-859.

3. Centers for Disease Control and Prevention. US Public Health

Service preexposure prophylaxis for the prevention of HIV
infection in the United States—2017 update: a clinical practice

guideline. Atlanta, GA: Centers for Disease Control and
Prevention; 2014.

Iwata K, Nagata M, Watanabe S, Nishi S. Distal renal tubular
acidosis without renal impairment after use of tenofovir: a case
report. BMC Pharmacol Toxicol. 2016;17(1):52.

Mugwanya K, Baeten J, Celum C, et al. Low risk of proxi-
mal tubular dysfunction associated with emtricitabine-tenofo-
vir disoproxil fumarate preexposure prophylaxis in men and
women. J Infect Dis. 2016;214(7):1050-1057.

Tacrolimus. Lexi-drugs interactions. Hudson, OH: Lexicomp;
2015. http://online.lexi.com/. Accessed July 15, 2021.

Sano T, Kawaguhi T, Ide T, et al. Tenofovir alafenamide res-
cues renal tubules in patients with chronic hepatitis B. Life.
2021;11(3):1-8.

Mothobi NZ, Masters J, Marriott DJ. Fanconi syndrome due to
tenofovir disoproxil fumarate reversed by switching to tenofo-
vir alafenamide fumarate in an HIV-infected patient. Ther Adv
Infect Dis. 2018;5(5):91-95.

Bahr NC, Yarlagadda SG. Fanconi syndrome and tenofovir
alafenamide: a case report. Annals of Internal Medicine. 2019;
17011:814-815.


https://orcid.org/0000-0001-9882-4275
http://online.lexi.com/

