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Lithium Therapy Associated
With Renal and Upper and
Lower Urinary Tract Tumors
Results From a Retrospective

Single-Center Analysis
To the Editors:
I n February, 2015, the European Medi-
cines Agency communicated that the
530 www.psychopharmacology.com
current evidence is sufficient to conclude that
long-term use (>10 years) of lithium may in-
ducemicrocysts, oncocytomas, and collecting
duct renal carcinomas.1 Thereupon, market-
ing authorization holders of lithium con-
taining medical products were requested
to amend the product information accord-
ingly.1 The currently available epidemio-
logical studies regarding the association
between lithium therapy (LT) and renal
and urinary tract tumors, however, differ
significantly in terms of included tumors,
methodology, and results.2–4 Thus, an ade-
quate evaluation of the relation between
(long-term) LT and the risk for renal und
urinary tract tumors is currently not possi-
ble. The mechanisms underlying lithium-
induced nephrotoxicity in general and
lithium-associated oncogenesis in the kid-
ney and the upper and lower urinary tract
in particular are not completely under-
stood.2,5 Lithium exerts possible oncogenic
effects merely in the intracellular space and
primarily enters the cells of the kidney via
the amiloride-sensitive epithelial sodium
channel (ENaC).6–8 The urothelium of re-
nal pelvis, ureter, bladder, and urethra also
expresses ENaCs,9–13 thus making these
tissues theoretically also susceptible to
lithium-associated oncogenesis. However,
the aforementioned epidemiological stud-
ies have not considered the lower urinary
tract (urethra and bladder).2–4 In addition,
the ENaC consists of 3 different subunits
(α, β, γ) and a fourth so-called δ subunit,
whose function is unknown.14,15 These
subunits are expressed differently in kid-
neys and the urothelium of renal pelvis,
ureter, bladder, and urethra (eg, stronger
expression of α, β, and γ subunits in the
kidney than in the urothelium of the blad-
der).9,11 Therefore, there may be a relation
between the tissue-specific expression of
ENaCs and the tissue-specific susceptibil-
ity regarding lithium-associated oncogene-
sis. Taking into account these aspects, we
performed an exploratory retrospective,
single-center analysis of patients with ma-
lignant and benign renal and upper and
lower urinary tract tumors to (1) determine
the prevalence of LT and (2) investigate if
the prevalence of LT varies significantly
between different tumor entities as an in-
dication of a possible relation between
the tissue-specific susceptibility regard-
ing lithium-associated oncogenesis and
the tissue-specific expression of ENaCs.

The study protocol was introduced to
the local ethics committee/human subjects
committee of Ulm University and received
approval. All patients receiving treatment
in the Department of Urology at the Uni-
versity Hospital of Ulm between January
1, 2006, and December 31, 2015, owing
to 1 or more of the following index tumor
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groups according to International Statisti-
cal Classification of Diseases, 10th Revi-
sion (ICD-10), were included for further
data acquisition: malignant neoplasm of
kidney, except renal pelvis (ICD-10 C64),
malignant neoplasm of renal pelvis (ICD-
10 C65), malignant neoplasm of ureter
(ICD-10 C66), malignant neoplasm of
bladder (ICD-10 C67), malignant neoplasm
of other and unspecified urinary organs
(ICD-10 C68), and benign neoplasm of uri-
nary organs (ICD-10 D30). (Because of the
high number of cases of malignant bladder
tumors treated between January 1, 2006,
and December 31, 2015, resulting in over-
representation of these entity [1712 malig-
nant bladder tumors vs 904 malignant
renal tumors], the reference period for this
tumor entity was later restricted to January
1, 2010, and December 31, 2015, resulting
in 951 malignant bladder tumors.) Patients
with age less than 18 years at the time of
treatment at the Department of Urology
owing to 1 of the previously mentioned in-
dex tumorswere excluded. The clinic's inter-
nal digital patient database was screened for
eligible patients by using the previously
mentioned ICD-10 codes. Digital files of
patients identified in this procedure were
checked by hand for the presence of the pre-
viously mentioned inclusion and exclusion
criteria. The following data were extracted
from the digital patient files: age (at the time
of diagnosis of the index tumor based on the
date of the report on the histopathological
findings or the date of the first doctor's re-
port listing respective diagnosis), sex, ex-
posure to lithium (yes/no) and period of
exposure to lithium, type of tumor, histo-
logical subtype of tumor, and risk factors
for the development of renal and upper
and lower urinary tract tumors: body height
and weight (calculation of the body mass
index using these parameters), smoking
status, arterial hypertension, estimated glo-
merular filtration rate (measurement before
the surgical procedure due to the respective
index tumor, as documented in the digital
patient files or calculated based on the
Chronic Kidney Disease Epidemiology Col-
laboration formula16), exposure to aromatic
amines, use of phenacetin-containing anal-
gesics, chronic urinary tract infection, von-
Hippel-Lindau disease, and radiotherapy of
the pelvis. Exposure to lithium before diag-
nosis of 1 of the index tumors was defined
as presence of correspondent information
in the digital patient files and/or written or
oral statements by the patient. Information
regarding the period of exposure to lithium
was also retrieved from the digital patient
files or requested directly from the patient.
If the digital patient files did not provide suf-
ficient information regarding prior exposure
to lithium, the patients were contacted by
Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 1. Numbers of Cases of Index Tumors With Information Regarding Prior
Exposure to Lithium and Prevalences of Prior Exposure to Lithium

No. Cases of Index
Tumors (n = 471), n (%)*

No. Cases With Prior Exposure
to Lithium (n = 4), n (%)†

Renal tumors 202 (42.9) 1 (0.50)
(95% CI, 0.01%–2.73%)

Benign 4 (2.0) 1 (25.00)
Malign 198 (98.0) 0 (0)

Urinary tract tumors 269 (57.1) 3 (1.12)
(95% CI, 0.23%–3.22%)

Urethra, benign 0 (0) 0 (0)
Urethra, malign 9 (3.3) 0 (0)
Bladder, benign 8 (3.0) 0 (0)
Bladder, malign 232 (86.2) 3 (1.29)
Ureter, benign 0 (0) 0 (0)
Ureter, malign 9 (3.3) 0 (0)
Renal pelvis, benign 0 (0) 0 (0)
Renal pelvis, malign 11 (4.1) 0 (0)
Malignant neoplasm of urinary
organs whose point of origin
cannot be classified

0 (0) 0 (0)

Total 471 (100) 4 (0.85)
(95% CI, 0.23%–2.16%)

*The percentages refer to the number of cases of the respective superordinate group of tumors.
†The percentages refer to the number of cases of the respective group of tumors.
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mail and asked to complete a brief 1-sided
questionnaire that was created for the detec-
tion of lithium exposure (yes/no) and dura-
tion of lithium exposure; if questionnaires
were not returned to the study personnel,
the respective patients were contacted by
phone and a semistructured telephone inter-
view was performed based on structure and
content of the questionnaire.

We identified 2131 cases featuring 1
or more of the previously mentioned tu-
mors, corresponding to 2027 patients. After
contacting patients via mail and phone re-
spectively, information regarding exposure
to lithium before diagnosis of 1 of the index
tumors was available in 471 cases (22.1%),
corresponding to 440 patients (21.7%). In
the subgroup with information regarding
prior exposure to lithium, the prevalence
of prior exposure to lithium was 0.85%
(4/471; 95% confidence interval [CI],
0.23%–2.16%), and 0.50% (1/202; 95%
CI, 0.01%–2.73%) in renal and 1.12% (3/
269; 95% CI, 0.23%–3.22%) in urinary
tract tumors. Numbers of index tumors
in cases with information regarding prior
LTand respective prevalences of prior expo-
sure to lithium are indicated in Table 1. We
found 4 cases corresponding to 3 patients
with index tumors and exposure to lithium
before diagnosis of the respective index tu-
mor(s): 3 cases of urothelial cancer of the
bladder and 1 case of benign renal tumor,
whereas 1 patient featured both tumors.
Therewas no statistically significant difference
© 2019 Wolters Kluwer Health, Inc. All rights reser
regarding the prevalence of lithium exposure
between patientswith renal tumors and urinary
tract tumors (P= 0.6385, Fisher exact test). All
analyses were evaluated in an exploratory
way (using SAS 9.4). Because of very low
numbers of cases with prior exposure to
lithium, further analyses regarding com-
parisons between subgroups of tumors
and/or to control for covariates (eg, risk
factors for different index tumors) were
not possible.

As a result of a very small number of
detected cases with index tumors and prior
exposure to lithium, our hypothesis of a pos-
sible relation between the tissue-specific
susceptibility regarding lithium-associated
oncogenesis and the tissue-specific expres-
sion of ENaCs could not be tested. However,
there was no statistically significant differ-
ence between cases with renal tumors and
urinary tract tumors regarding the preva-
lence of prior exposure to lithium, which
may be a weak point arguing against our
hypothesis. Meaningful further compari-
sons, for example, comparisons between
different types of upper and lower urinary
tract tumors as initially envisaged, were
not possible owing to the low number of
cases with prior exposure to lithium. In this
regard, further epidemiological studies
comprising larger samples of patients with
the here defined index tumors and suffi-
cient information regarding prior exposure
to lithium should be performed to test our
hypothesis. Although our study was not
ved.
designed to contribute to the question of
whether long-term LT may be associated
with renal and/or urinary tract tumor forma-
tion, the overall prevalence of prior exposure
to lithium was low in our sample; this may
be interpreted as a possible weak indication
of a low risk of renal and urinary tract tu-
mors associated with LT; however, further
studies are necessary to adequately address
this important safety aspect of LT.
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Pharmacist-Psychiatrist
Interventions Triggered by
Clinical Decision Support

System Improve Monitoring
of Patients Using Lithium in a

General Hospital

To the Editors:
L ithium is one of the cornerstones for the
treatment of patients with bipolar
532 www.psychopharmacology.com
disorders and is also used for patients with
treatment-resistant depression.1,2 Lithium
has a narrow therapeutic window and a
highly variable inter- and intraindividual
dose-serum concentration relationship due
to many factors influencing lithium phar-
macokinetics.3 Adequate monitoring is
even more important during general hos-
pital admission because toxic or subther-
apeutic serum lithium concentrations can
easily arise due to changes in, for exam-
ple, pharmacotherapeutic regimen, renal
function, and fluid intake. In addition,
physicians responsible for drug monitor-
ing during general hospital admission
may be insufficiently aware of the neces-
sity of monitoring patients using lithium.

Since 2010, our hospital, a general
hospital with 510 beds and no psychiatric
ward, uses a clinical decision support sys-
tem (CDSS) to timely select patients poten-
tially at risk for adverse events. In August
2011, a new CDSS was introduced to min-
imize the risk of inadequate monitoring of
patients using lithium (hereafter lithium
CDSS). Every night the lithium CDSS se-
lects all patients newly admitted to the hos-
pital with an active medication order for
lithium. The next morning, the hospital
pharmacist analyzes these patients for drug
interactions, renal function, electrolyte dis-
orders, and other relevant clinical charac-
teristics with the potential to influence
lithium treatment. Next, the hospital phar-
macist consults the clinical psychiatrist for
follow-up in consultation with the treating
physician and recommends measurement
of the serum lithium concentration.

The aim of this retrospective follow-up
study was to investigate whether introduc-
tion of pharmacist-psychiatrist interventions
triggered by the lithium CDSS improved
adequateness of monitoring of patients
using lithium compared with usual care,
where a clinical psychiatrist was avail-
able on request. Medical records were
reviewed for patients admitted to our
hospital for at least 24 hours between
May 2009 and July 2011 (usual care)
and between August 2011 and October
2013 (lithium CDSS). The study was ap-
proved by the hospital's institutional re-
view board. The primary end point of
this study was the percentage of patients
being adequately monitored. To define
adequate monitoring of lithium treatment,
an expert panel consisting of independent
psychiatrists, hospital pharmacists, and a
nephrologist was consulted. The expert
panel defined adequate monitoring as
performance of a preventive psychiatric
consultation and measurement of the se-
rum lithium concentration, both within
48 hours after admission. The frequency
of transmural communication regarding
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lithium treatment, either by peer consultation
during admission or in the discharge letter,
and the frequency of actions following diver-
gent serum lithium concentrations (>0.8 or
<0.4 mmol/L for patients >65 years and
<0.6 mmol/L for patients <65 years) was
defined as secondary end point.

Patient characteristics in the lithium
CDSS and usual care groups were compared
using independent samples t tests, Mann-
Whitney U tests, and Pearson χ2 tests. The
strength of the association between the intro-
duction of the intervention and the primary
end point was estimated with multivariate
Cox regression and expressed as relative risks
(RR)with corresponding 95% confidence in-
tervals (95% CIs). Variables with univariate
differences (P≤ 0.05) between the period be-
fore and after introduction were incorporated
into a multivariate model. All statistical anal-
yses were performed using IBMSPSS Statis-
tics version 23.

A total of 243 patients were included;
107 received usual care, and 136 were in-
cluded after introduction of the lithium
CDSS. Most patient characteristics were
comparable between groups. Divergent se-
rum lithium concentrations were found in
47 (43.9%) patients receiving usual care
and 66 (48.5%) of the patients in the CDSS
group. The percentages of patients receiv-
ing psychiatric consultation during a previ-
ous admission (8.4% vs 30.9%; P < 0.001)
and patients where the CDSS signaled a di-
minished renal function (13.1% vs 25.7%;
P = 0.02) were different between groups.
The latter can be explained by implementa-
tion of the CDSS for renal function in the
summer of 2010. Finally, median length of
hospital admissionwas shorter in the lithium
CDSS group (5.9 vs 4.6 days; P = 0.05).

Primary and secondary end points
are shown in Table 1. The frequency of
adequate monitoring was higher in the
lithium CDSS group (7.5% vs 26.5%;
RRadj = 3.2; 95% CI, 1.4–7.1). This result
was mainly driven by an increase in preven-
tive psychiatric consultations (13.1% vs
39.0%; RRadj = 2.7; 95% CI, 1.4–4.9); there
was no significant difference in measure-
ments of serum lithium concentrations
(43.0% vs 45.6%; RRadj = 1.1; 95% CI,
0.7–1.6). Furthermore, transmural commu-
nication regarding lithium treatment im-
proved (35.5% vs 52.9%; RRadj = 1.6;
95% CI, 1.0–2.5), but interpretation and
actions following divergent serum lithium
concentrations did not (55.3% vs 65.2%;
RRadj = 1.2; 95% CI, 0.7–2.0).

DISCUSSION
After implementation of pharmacist-psychiatrist
interventions triggered by the lithium
CDSS, the percentage of patients being
adequately monitored was found to be
Wolters Kluwer Health, Inc. All rights reserved.
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