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Immune checkpoints inhibitors (ICPIs), as either a frontline or adjuvant therapy, showed
favorable outcomes among diverse malignancies. Immune-related adverse events
(IRAEs) are increasingly encountered, but the kidneys are rarely affected. A 67-year-old
man with stage IV squamous cell carcinoma of the lung presented with acute kidney
injury and hypercalcemia secondary to bone metastasis. After an aggressive saline
infusion and subcutaneous denosumab 60 mg administration, his renal function and
serum calcium level were recovered on day 4. Due to his intolerance to chemotherapy,
immunotherapy with a monoclonal antibody targeting programmed cell death protein-1
(PD-1), pembrolizumab 2mg/kg, was used on day 4. On day 11, polyuria, non-albumin
dominant proteinuria, and severe deficiencies of electrolytes (potassium 2.5 mmol/L,
calcium 5.5 mg/dL, magnesium 1.3 mg/dL, and phosphate 1.5 mg/dL) along with
concomitant renal wasting were developed acutely. Except for postponing the next
pembrolizumab, prednisolone at 1 mg/kg/day was given on day 13. On day 27, his
polyuria subsided and urine protein loss resolved. Serum levels of potassium, phosphate,
calcium, and magnesium all returned within the reference range. This case highlighted
that renal IRAEs, even though uncommon, could be severe and potentially life-threatening
if left unrecognized and untreated. Early recognition of renal IRAEs and prompt withdrawal
of ICPIs may result in lower renal morbidity.
Keywords: drug therapy, acute kidney injury, comorbidity, creatinine, electrolytes, pembrolizumab, immune
checkpoint inhibitors, case report

INTRODUCTION
Immune checkpoints are composed of different pathways functioning to maintain self-tolerance
and modify immune response. Recent progress in understanding that tumor cells could hijack
these pathways to evade immune elimination urged the development of immune therapies targeting
immune checkpoints (1). Immune checkpoints inhibitors (ICPIs) include monoclonal antibodies
blocking either programmed cell death protein-1 (PD-1)/programmed death-ligand 1 (PD-L1)
pathway or cytotoxic T-lymphocyte associated protein 4 (CTLA-4)/CD28 axis (2). Favorable
outcomes have been increasingly reported in using ICPIs among diverse malignancies and approval
indications have been expanding rapidly in either frontline or adjuvant settings. With the increasing
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use of ICPIs, the lurking threats of ICPIs related toxicity became
widely recognized, especially immune-related adverse events
(IRAEs) (3).
The spectrum of clinical manifestations in IRAEs is broad
because a number of organs could be affected by immune
intolerance including skin, gastrointestinal tract, lung, heart,
endocrine organs, and nervous system being (4). Pembrolizumab
is one of PD-1 inhibitors and, similar to other ICPIs, its IRAEs
rarely affect the kidneys (5). However, pembrolizumab-associated
proteinuria, acute kidney injury, and rarely renal tubular acidosis
are increasingly reported recently (6, 7). To the best of our
knowledge, pembrolizumab or other PD-1 inhibitors have not
been published to cause a diffuse renal tubulopathy-related
lethally acid-base and electrolytes disturbance. In this article,
we present a case of developing a life-threatening electrolytes
disturbance after receiving pembrolizumab therapy.

TABLE 1 | Changes of laboratory values.
Items

Reference 4 weeks Admission Day 4 Day 11
ago

Serum
BUN

mg/dl

8–25

Cr

mg/dl

0.63–1.30

66

18

12

2.80

0.75

0.59

Na+

mmol/l

K+

mmol/l

135–145

127

134

141

3.5–5.3

4.9

3.9

Ca2+

2.5

mg/dl

8.5–10.0

12.6

9.8

5.5

Phosphate mg/dl

2.5–4.5

5.8

3.4

1.5

0.7

Mg2+

mg/dl

1.6–2.3

2.7

iPTH

pg/ml

8.0–76.0

23.8

1.3

Urine

CASE DESCRIPTION

U+
K /Cr

mmol/mmol

14.5

UCa2+ /Cr

mg/mg

0.39

FE+
Na

%

1.1

FE2+
Mg

%

53.0

FEphosphate

%

Protein

mg/day

110.0
1,064.0

Osmolality

A 67-year-old man presented with 1 week of fatigue, abdominal
bloating, and constipation. He was found to have stage IV
squamous cell carcinoma of the lung with bone metastasis 4
months ago, for which he received the first cycle of gemcitabine
combined with cisplatin until 4 weeks ago. He denied a prior
history of systemic diseases.
On admission, his blood pressure was 123/82 mmHg,
pulse rate 102 beats/min, respiratory rate 18/min, and body
temperature 37◦ C. Physical examination revealed poor skin
turgor and mildly distended abdomen with tympanic percussion.
The remainder of the physical examination was unremarkable.
Laboratory tests showed an elevated serum creatinine (2.8
mg/dL; baseline 0.7 mg/dL 4 weeks ago), hypercalcemia
(corrected Ca2+ 12.6 mg/dL), hyperphosphatemia (5.8
mg/dL) and a normal parathyroid hormone (PTH) level
(23.7 pg/mL) (Table 1). Intravenous saline and subcutaneous
denosumab 60 mg were used for treating hypercalcemia.
On day four, his serum creatinine and Ca2+ was recovered.
Due to chemotherapy intolerance, therapy was switched to
immunotherapy with programmed cell death protein-1 (PD-1)
receptor blocker, pembrolizumab 2mg/kg. On day 11, his urine
output acutely increased to 4 to 5 L/day. He developed severe
electrolytes disturbance, including hypokalemia (2.5 mmol/L),
hypocalcemia (5.5 mg/dL), hypomagnesemia (1.3 mg/dL) and
hypophosphatemia (1.5 mg/dL) along with renal wasting of
these electrolytes (urine K+ /Cr 14.5 mmol/mmol, urine Ca2+ /Cr
0.39 mg/mg, fractional excretion (FE) of Mg2+ 53% and FE
of phosphate 110%, respectively). He also had a new-onset
of non-albumin predominant proteinuria (1,064 mg in 24-h
urine collection) and persistent isothenuria in the absence of a
deteriorated renal function (Table 1). Aggressive replacement
of deficient electrolytes orally and intravenously was performed
for 2 days but treatment was not successful. On day 13, oral
prednisolone 1 mg/kg/day was immediately initiated along with
discontinuation of pembrolizumab. On day 27, the serum levels
of K+ , phosphate, Ca2+, and Mg2+ all returned within the
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Unit

Amount

273
ml

4,800

BUN, blood urea nitrogen; FE, fractional excretion; iPTH, intact parathyroid hormone.

TABLE 2 | Laboratory data after 16-day withdrawal of pembrolizumab.
Items

Unit

Reference

Day 27

Serum
BUN

mg/dl

8–25

15

Cr

mg/dl

0.63–1.30

0.42

Na+

mmol/l

135–145

138

K+

mmol/l

3.5–5.3

3.6

Ca2+

mg/dl

8.5–10.0

8.6

Phosphate

mg/dl

2.5–4.5

2.5

Mg2+

mg/dl

1.6–2.3

1.5

reference range and daily urine output decreased from 4–3 L to
1.0–1.5 L/day (Table 2).

DISCUSSION
The presence of polyuria, isosthenuria, a new onset nonalbumin predominant proteinuria, and severe disturbance
of serum electrolytes including hypokalemia, hypocalcemia,
hypophosphatemia, and hypomagnesemia with inappropriate
renal wasting of K+ , Ca2+ , Mg2+, and phosphate suggests
diffuse renal tubular injury. In the absence of other acquired
tubulopathy causes such as systemic diseases, diuretics or the use
of nephrotoxic agents, pembrolizumab-induced diffusely renal
tubulopathy was favored.
ICPIs have revolutionized cancer treatments, either as firstline therapies or as adjuvant therapies. Tumors are able to
evade immunosurveillance via diverse mechanisms including
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induction of immune tolerance through activating immune
checkpoints (8). Pembrolizumab is one of the ICPIs targeting
PD-1 on T lymphocytes to hinder the binding between PD-1
and its ligands (9). The prevalence of pembrolizumab-associated
IRAEs, like other ICPIs, was reported higher than 50% but
kidneys were rarely affected (7). However, with the increasing
experience of pembrolizumab use, it has been proposed that
the prevalence of pembrolizumab-associated renal toxicities may
be underestimated (10). The most common renal toxicity of
pembrolizumab is acute kidney injury (AKI) and the incidence
has been reported ∼1.7–6.7% with acute tubular injury or
acute interstitial nephritis (AIN) being the most common
pathological findings (5, 6, 11). In contrast, glomerular diseases
are less frequent renal IRAEs, mainly podocytopathy. Distal
renal tubule acidosis, although rare, was also identified in
some case reports (12). However, diffusely renal tubule damages
with severe electrolytes deficiency in the absence of AKI, as
presented in our case study, have not been described before.
In addition to assess renal function, our case highlights that
the levels of serum electrolytes may warrant a close monitor
after pembrolizumab therapy to prevent unrecognizing lifethreatening electrolytes disturbance.
Denosumab, a monoclonal antibody directly against receptor
activator of nuclear factor-κB ligand (RANKL), is widely used
in osteoporosis or bone metastasis. Denosumab can cause
hypocalcemia with a mechanism similar to hungry bone
syndrome (13) as well as hypophosphatemia due to renal
phosphate losing which is mediated by hypocalcemia-related
secondary hyperparathyroidism post denosumab injection and is
also a hungry bone-like mechanism (14). The hypophosphatemia
with renal phosphate wasting in our case is indistinguishable
from those caused by denosumab. However, denosumab has
not been reported to cause hypokalemia, hypomagnesemia,
proteinuria, or impaired urine concentration ability (15). Besides,
urine calcium excretion will be decreased during denosumabrelated hypocalcemia. Accordingly, both onset and recovery of
each electrolyte’s disturbances with renal wasting and impaired
concentration ability occurred concomitantly, which suggested
that pembrolizumab may be the main culprit.
Some risk factors of renal IRAEs have been identified
including the use of proton pump inhibitors, impaired renal
function, and combined use of ICPIs (16). The mechanism
of pembrolizumab-associated kidney injury remains unclear.
The ligand of PD-1 (PD-L1) expressed on renal epithelial cells
has been reported to protect the kidneys against ischemiareperfusion injury via inducing immune tolerance, regulating
the activation of different T cell subgroups, and modifying
cytokines and chemokines (11, 17). The use of pembrolizumab
soon after AKI in this patient may interrupt PD-1/PD-L1

interaction-related immune tolerance, and cause autoimmune
response and dysregulation of post-AKI inflammation; therefore,
leading to tubulointerstitial damages (17). However, the wide
variation in clinicopathological presentations of ICPI-related
nephropathy suggests a more complex mechanism. Recently,
the RANK-RANKL pathway was discovered to be crucial in
many immune processes such as regulatory T lymphocytes
generation (17). The synergistic anti-tumor effects of denosumab
were described during the combination with ICPIs (18, 19).
Therefore, denosumab needs to be accessed due to the possible
increased risks of ICPIs related IRAEs since the synergistic effects
may aggravate the autoimmune response and dysregulation of
inflammation in the injured kidneys of our patient.
Discontinuation of PD-1 inhibitors is imperative when
severe adverse kidney effects occur. Temporary use of
immunosuppressant agents is common regarding the potentially
pathogenic role of activation of autoreactive lymphocytes
by PD-1 inhibitors (20). Except for glucocorticoid, several
immunosuppressant agents were investigated including
mycophenolate mofetil, cyclophosphamide, and rituximab.
Infliximab against tumor necrosis factor-α (TNF-α) was found
to be effective while patients had a poor response to other
immunosuppressant agents, which is possibly because TNF-α is
upregulated during ICPIs treatment (21). In general, a favorable
renal prognosis has been reported in pembrolizumab-induced
nephrotoxicities if diagnosis and management are prompt,
best illustrated by the complete recovery of renal function in
our patient. The rapid recovery of renal IRAEs within 14 days
in our patient may suggest the role of immunosuppressant
agents, supported by the reports with recovery to baseline
kidney function within 1 month under the immunosuppressant
therapy (22).
In conclusion, renal IRAEs, albeit uncommon, may be
severe and potentially life-threatening if left unrecognized and
untreated. Our case highlighted that early recognition along
with the prompt withdrawal of culprit ICPIs helps to achieve a
better outcome.
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