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Abstract

Background and objectives: In recent years, immune-checkpoint inhibitors (ICIs) particularly atezolizumab is on the rise
in treating advanced malignancies. With its increased clinical use, various electrolyte abnormalities have been reported
in the literature. In this review, we have addressed the question of significant electrolyte abnormalities associated with
atezolizumab.
Materials and methods: Following PRISMA guidelines, we performed a thorough literature search in four databases

including PubMed, Cochrane Library, Embase, and Clinicaltrials.gov. We included only randomized controlled trials
from 2010 till March 2021. After a comprehensive screening of 1587 articles, we selected 14 articles for our review and
tabulated the results. Following MeSH terms were used: “electrolyte abnormalities”, “immune checkpoint inhibitors”,
“atezolizumab”.
Results: Non-small cell lung cancer (n ¼ 1270) and metastatic urothelial carcinoma (n ¼ 1164) were the most common

malignancies among 3160 patients. The most common electrolyte abnormality was hypomagnesemia (4.7%). Hypona-
tremia, hypophosphatemia, hypercalcemia and hypokalemia were found in 2.3%, 0.63%, 0.25% and 0.06% patients
respectively. For patients taking atezolizumab, hypomagnesemia was most frequently found in non-small cell lung
carcinoma patients (9.4%), while urothelial metastatic carcinoma patients most commonly had hyponatremia (5.15%).
Hypokalemia though insignificant was observed only in patients with metastatic renal cell carcinoma (2.85%).
Conclusion: Since the use of atezolizumab is on the rise for the treatment of various cancers, more studies need to be

conducted to better understand its safety and toxicity profile.

Keywords: Atezolizumab, Malignancy, Hypomagnesemia, Hyponatremia, Hypokalemia

1. Introduction

I n recent times, immunotherapy has emerged as
one of the most influential breakthroughs in

cancer treatment. Immune checkpoint inhibitors
(ICIs) have become a good right arm of this type of
therapy. Although results have been very impressive,

they are not without significant adverse effects.1

Most common adverse effects involve colon, liver,
lungs, pituitary, thyroid, and skin, although uncom-
mon events involving the heart, nervous system, and
other organs also occur.2 Colitis, pneumonitis, hep-
atitis, and myocarditis are drug-related and arise
early during the treatment and these differ with the
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drug regimen.3 Ocular side effects are seen in 1% of
the patients and include dry eyes, uveitis, and
myasthenia gravis.4

Electrolyte abnormalities are frequently seen in
hospitalized patients. Cancer patients, in particular,
are at risk of developing significant electrolyte dis-
turbances due to several etiologies including para-
neoplastic syndromes, iatrogenic, poor nutrition,
and treatment itself. Hyponatremia, hypernatremia,
hypocalcemia, hypercalcemia, and potassium dis-
orders are the major classes.5 The most common
electrolyte disturbance overall is hyponatremia.
Major groups with the highest prevalence of hypo-
natremia are patients with prostate cancer (57.1%),
pancreatic neoplasms (50%), hepatocellular carci-
noma (HCC) (49%), and carcinomas of the lung
(40.2%).6 It is an indicator of poor prognosis and
increased duration of stay at the hospital.7 It is
particularly associated with increased mortality in
patients with cancer.6

After hyponatremia, the most common electrolyte
disturbances studied are hypernatremia, hypocalce-
mia, and hypercalcemia.5 Cancer patients are partic-
ularly at risk of nephrogenic diabetes insipidus (DI)
due to electrolyte disturbances, antibiotics, and
chemotherapy drugs.5 Hypocalcemia, although not
frequent in cancer patients, is associated with higher
mortality in patients with sepsis.8 Hypercalcemia is
associated with a large number of cancers including
humoral hypercalcemia of malignancy (mediated by
Parathyroid Hormone-related Peptide), squamous
cell carcinomas, renal cell carcinoma, bladder carci-
noma, breast carcinoma, ovarian carcinoma, pheo-
chromocytoma, and lymphomas/leukemias.5 Clinical
findings include abdominal pain, nephrolithiasis,
depression, psychosis, osteitis fibrosa cystica. Potas-
sium disturbancesmanifest as muscle weakness and/
or arrhythmias.9 Electrolyte and acid-base abnor-
malities are the results of metastasis, anticancer
therapy, or, a paraneoplastic process seen in many
different cancers serving as a poor prognostic
indicator.10

Atezolizumab has been approved for the treat-
ment of triple-negative breast cancer (TNBC),11

extensive-stage small-cell lung cancer,12 and
advanced bladder cancer.13 It has also shown
improved survival in patients with hepatocellular
carcinoma (HCC)14 and recently FDA has approved
it to be used in a subset of colorectal carcinoma
patients.15 Atezolizumab, in combination with
chemotherapy, has been successful in achieving the
milestone of being the first drug to improve survival
in patients with newly diagnosed extensive stage-
small-cell lung carcinoma.16 It improved median
overall survival when compared with docetaxel

(median OS was 13.8 months vs. 9.6 months); in
patients with previously treated triple-negative
breast cancer17 and is generally well-tolerated in
this set of patients.18 Since the use of atezolizumab
is on the rise and very few studies have been done
so far to look for the associated electrolyte abnor-
malities, we tried to pinpoint these specific side ef-
fects of this immune checkpoint inhibitor to assess
the tolerability of atezolizumab.

2. Materials and methods

2.1. Literature search

A comprehensive literature search was per-
formed, following the PRISMA guideline (Fig. 1).
Relevant studies were looked for in databases
including PubMed, Cochrane Library, Embase, and
Clinicaltrials.gov by October 15, 2020. No filters of
geography, date, or language were applied. We
included the following MeSH terms: “electrolyte
abnormalities”, “checkpoint inhibitors” and “atezo-
lizumab” in our search.

2.2. Eligibility criteria

We included articles from 2010 onwards and RCTs
only. The included articles contained information
regarding electrolyte abnormalities of atezolizumab
and the classification of these adverse effects in
them. We excluded the studies reporting combined
results, child studies, meta-analysis, or systematic
reviewes.

2.3. Study selection

The overall literature search identified 1587 articles
for review. The number was cut short to 1373 after
removing duplicate references by screening titles
and abstracts of the articles. We excluded 599 articles
in our first screening due to the following reasons:
case reports/series ¼ 14, letters/editorial ¼ 33,
reviews ¼ 210, irrelevant 298, non-English ¼ 14,
observational studies/metanalysis ¼ 30. After that
774 full-text articles were assessed for eligibility. We
included 14 articles for qualitative synthesis after
removing 760 articles because of the following:
Conference Abstracts ¼ 679 and Regime of no
interest ¼ 81. We did not include any study for
quantitative synthesis.

2.4. Data extraction

We used an excel sheet for data extraction,
including the following: author, publication year,
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study design, study duration (months), number of
patients, median age, sex, the median duration of
follow up (months), patients received atezolizumab,
control arm (if any), prior therapy, the median
duration of treatment (weeks), type of malignancy,
electrolyte abnormality, and hypothyroidism.

3. Results

In this systematic review we aimed to explore
toxicity profile; immune-related toxicities and elec-
trolyte abnormalities (ED) related to the use of ate-
zolizumab, a monoclonal antibody, antiePD-L1/PD-
1 agent across the range of cancers, which could
have profound impacts on the standard of care. This
review summarizes phase I/II/III trials demon-
strating the tolerability of atezolizumab, a total of
1587 relevant studies were searched and 14

randomized clinical trials were recruited after
excluding 1573 irrelevant studies (Table 1). The most
frequent treatment-related abnormalities analyzed
in these 14 trials were 6 all-grades hyponatremia, 5
all-grades hypophosphatemia, and 4 all-grades hy-
pomagnesemia in 3 most relevant cancer non-small
cell lung cancer, urothelial carcinoma, and squa-
mous cell lung carcinoma (Table 2). Data for other
electrolyte disorders hypokalemia, hypercalcemia,
and hypernatremia was not significant to mention.
McDermott et al. 2016 reported the use of atezo-

lizumab treatment in metastatic renal cell carcinoma
patients.19 This phase Ia study demonstrated the use
of atezolizumab in 70 patients with a median age of
61 years (range 33e81). The patients received 16
cycles of atezolizumab for a median duration of 8
months (range 1e35). The incidence of grade three
or higher (grade �3) electrolyte abnormalities were
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Fig. 1. PRISMA flow outline for selection criteria of the included studies.
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hypophosphatemia (3%), hyponatremia (1%), and
hypercalcemia (1%). The incidence of grade 1e2
electrolyte abnormalities was hypercalcemia (4%),
hypophosphatemia (3%), hypokalemia (3%), and
hyponatremia (3%).
Petrylak et al. 2018 reported the use of atezolizu-

mab treatment in metastatic urothelial carcinoma
patients.20 This phase 1 study demonstrated the use
of atezolizumab in 95 patients with a median age of
66 years (range 36e89). The patients received 16
cycles of atezolizumab for a median duration of 3
months (range 0e44). The patients were followed up
for a median duration of 37.8 months (range
>0.7e44.4). No incidence of grade three or higher
(grade �3) electrolyte abnormalities was reported.
The incidence of grade 1e2 electrolyte

abnormalities was hypercalcemia (3%) and hypo-
phosphatemia (3%).
Schmid et al. 2019 reported the use of atezolizu-

mab treatment in metastatic triple-negative breast
cancer patients.21 This phase 3 study demonstrated
the use of atezolizumab in 451 patients with a me-
dian age of 55 years (range 46e64). The patients
were followed up for a median duration of 18.5
months (range >9.6e22.8). The incidence of grade
three or higher (grade �3) electrolyte abnormalities
were hypomagnesemia (3%). The incidence of grade
1e2 electrolyte abnormalities was hypomagnesemia
(4%).
Balar et al. 2017 reported the use of atezolizumab

treatment in urothelial cancer patients. This phase 2
study demonstrated the use of atezolizumab in 119

Table 1. Baseline study characteristics.

Author, year,
phase

N Median age
(years)

Malignancy Median duration
of treatment
(months)

Follow-up
(months)

Prior therapy

McDermott
et al.
2016; Ia

70 61 (33e81) Metastatic RCC 8 (1e35) N/A N/A

Petrylak et al.
2018; I

95 66 (36e89) Metastatic UC 3 (0e44) 37.8 (0.7e44.4) Platinum based
chemotherapy

Schmid et al.
2019; III

451 55 (46e64) Metastatic TNBC N/A 18.5 (9.6e22.8) N/A

Balar et al.
2017; II

119 73 (51e92) UC 15 weeks (0e102) 17$2 (0$2e23$5) Radiotherapy,
Perioperative
chemotherapy

Colevas et al.
2018; Ia

32 62 (32e78) H&N carcinoma 3.4 (0e30.5) N/A N/A

Emens et al.
2019; I

116 53 (29e82) Metastatic TNBC 2.1 (0e45.6) 25.3 (0.4e45.6) Anthracyclines,
Taxanes, Bevacizumab,
Platinum based
chemotherapy

Grau et al.
2019; III

N/A N/A CC N/A N/A N/A

Cathmos et al.
2020; II/III

N/A 70 (43e81) UC 3.6 17.3 (15.4e18.1) Carpoplatin,
Cisplatin, etoposide

Sternberg et al.
2019; III3b

997 68 UC 950, SCC 18,
Glandular
8, BCD 8, NE 7,
N/A 6

2.8 12.7 (0e19.7) Gemcitabine,
Cisplatin, carboplatin

Liu et al.
2018; Ib

76 65 (40e83) Advanced NSCLC 6.2 (1e37) and
9.2 (0e26)

7.2 (1.6e37.6) N/A

Sullivan et al.
2019; Ib

57 N/A Melanomab N/A 51.8 (2.8e70.9) and
29.9 (3.3e42.0)

None

West et al.
2019; III

473 64 Stage IV non-
squamous NSCLC

N/A 18.5 (15.2e23.6) None

Lin et al.
2020; II

40 67 (50e83) Unresectable NSCLC N/A 22.5 N/A

Jotte et al.
2020; III

681a 65 (23e86) Stage IV squamous
NSCLC

5.5 (0e37)
and 6 (0e37)

26.8 N/A

Abbreviations: N/A: Not available, N: patients who received atezolizumab, RCC: renal cell carcinoma, UC: urothelial carcinoma, TNBC:
triple negative breast carcinoma, H&N: head and neck, CC: carcinoma of cervix, SCC: squamous cell carcinoma, NE: neuroendocrine,
BCD: Bellini collecting duct carcinoma, NSCLC: non-small cell lung cancer.
a A þ CP (n ¼ 338), A þ CnP (n ¼ 343).
b Unresectable stage IIIC or metastatic melanoma harboring BRAFV600 mutations.

38 JOURNAL OF COMMUNITY HOSPITAL INTERNAL MEDICINE PERSPECTIVES 2022;12:35e44

R
E
V
IE
W

A
R
T
IC

L
E



Table 2. Electrolyte abnormalities reported in included studies.

Author Electrolyte abnormality

Hypophosphatemia Hypomagnesemia Hypokalemia Hyponatremia Hypercalcemia

Grade � 2
n (%)

Grade � 3
n (%)

Grade � 2 n (%) Grade
� 3 n (%)

Grade
� 2 n (%)

Grade
� 3 n (%)

Grade
� 2 n (%)

Grade
�3 n (%)

Grade
� 2 n (%)

Grade
� 3 n (%)

McDermott
et al.

2 (3)
(any
grade)

2 (3) N/A N/A 2 (3) 0 2 (3) 1 (1) 3 (4) 1 (1)

Petrylak et al. 1 (3) 0 N/A N/A N/A N/A N/A N/A 1 (3) 0
Schmid et al. N/A N/A 17 (4) 8(2); 3(1) N/A N/A N/A N/A N/A N/A
Balar et al. 3 (3) 2 (2) N/A N/A N/A N/A N/A N/A N/A N/A
Colevas et al. N/A N/A N/A 1 (3); 0 N/A N/A N/A N/A N/A N/A
Emens et al. N/A N/A N/A N/A N/A N/A 3 (3) 1 (1) N/A N/A
Grau et al. N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Cathmos
et al.

N/A N/A N/A N/A N/A N/A N/A 1 (4) N/A 1/25 (4)

Sternberg
et al.

N/A N/A N/A N/A N/A N/A 37 (4) 20(2);
2(0.2)

N/A N/A

Liu et al. N/A 3 (4) N/A N/A N/A N/A N/A N/A N/A N/A
Sullivan
et al.

N/A 0 in cohort
1e3, 7/39
(17.9) in
cohort
4/B/C

N/A N/A N/A N/A 2/11 (11.8)
in cohort
1e3, 3/39
(7.7) in
cohort 4/B/C

N/A N/A N/A

West et al. N/A N/A 57 (12) 4(1); 1(<1) N/A N/A N/A N/A N/A N/A
Lin et al. N/A N/A N/A N/A N/A N/A 0 1 (10); 0 2 (20) 0
Jotte et al. N/A N/A aACP 20 (6.0);

aA þ CnP 33
(9.9)

ACP 0;
A þ CnP
5 (1.5)

N/A N/A N/A N/A N/A N/A

a A þ CnP, atezolizumab þ carboplatinþnab-paclitaxel; A þ CP, atezolizumab þ carboplatin paclitaxel; N/A, not available.
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patients with a median age of 73 years (range
51e92).22 The patients received atezolizumab for a
median duration of 15 weeks (range 1e35). The
patients were followed up for a median duration of
17.2 months (range 0.2e23.5). The incidence of grade
three or higher (grade �3) electrolyte abnormalities
was hypophosphatemia (3%). The incidence of
grade 1e2 hypophosphatemia was in 3% of
participants.
Colevas et al. 2018 reported the use of atezolizu-

mab treatment in head and neck cancer patients.23

This phase 1a study demonstrated the use of ate-
zolizumab in 32 patients with a median age of 62
years (range 32e78). The patients received 16 cycles
of atezolizumab for a median duration of 3.4 months
(range 0e30.5). Grade three or higher (grade �3)
hypomagnesemia was reported in 3% of the
patients.
Emens et al. 2019 reported the use of atezolizumab

treatment in metastatic triple-negative breast cancer
patients.18 This phase 1 study demonstrated the use
of atezolizumab in 116 patients with a median age of
53 years (range 29e89). The patients received 16
cycles of atezolizumab for a median duration of 2.1
months (range 0e45.6). The patients were followed
up for a median duration of 25.3 months (range
0.4e45.6). The incidence of grade three or higher
(grade �3) electrolyte abnormalities was hypona-
tremia (1%). The incidence of grade 1e2 hypona-
tremia was 3%.
Grau et al. 2019 reported the use of atezolizumab

treatment in carcinoma of the cervix patients in a
phase 3 study.24 No incidence of grade three or
higher (grade �3) or grade 1e2 electrolyte abnor-
malities were reported.
Cathmos et al. 2020 reported the use of atezoli-

zumab treatment in urothelial carcinoma patients.25

This phase 2/3 study demonstrated the use of ate-
zolizumab in patients with a median age of 70 years
(range 43e81). The patients received 6 cycles (range
1e27) of atezolizumab for a median duration of 3.6
months. The patients were followed up for a median
duration of 17.3 months (95% CI 15.4e18.1). The
incidence of grade three or higher (grade �3) elec-
trolyte abnormalities was hyponatremia (4%) and
hypercalcemia (4%).
Sternberg et al. 2019 reported the use of atezoli-

zumab treatment in urothelial, squamous cell car-
cinoma, glandular, bellini collecting duct,
neuroendocrine cancer patients.26 This phase 3b
study demonstrated the use of atezolizumab in 997
patients with a median age of 68 years. The patients
received atezolizumab for a median duration of 2.8

months and were followed up for a median duration
of 12.7 months (range 0e19.7). The incidence of
grade three or higher (grade �3) electrolyte abnor-
malities was hyponatremia (2.2%). The incidence of
grade 1e2 electrolyte abnormalities was hypona-
tremia (4%).
Liu et al. 2018 reported the use of atezolizumab

treatment in non-small-cell lung cancer patients.27

This phase 1b study demonstrated the use of ate-
zolizumab in 76 patients with a median age of 65
years (range 40e83). The patients received 4e6 cy-
cles of atezolizumab for a median duration of 6.2
(1e37) and 9.2 (0e26). The patients were followed up
for a median duration of 7.2 months (1.6e37.6). The
incidence of grade three or higher (grade �3) elec-
trolyte abnormalities was hypophosphatemia (4%).
Sullivan et al. 2019 reported the use of atezolizu-

mab treatment in melanoma patients.28 This phase
1b study demonstrated the use of atezolizumab in 57
patients. The patients were followed up for a me-
dian duration of 51.8 months (range 2.8e70.9) and
29.9 months (range 3.3e42.0). The incidence of grade
three or higher (grade �3) electrolyte abnormalities
was hypophosphatemia (17.9%). The incidence of
grade 1e2 hyponatremia was 19.5%.
West et al. 2019 reported the use of atezolizumab

treatment in non-squamous non-small-cell lung
cancer patients.29 This phase 3 study demonstrated
the use of atezolizumab in 473 patients with a me-
dian age of 64 years. The patients were followed up
for a median duration of 18.5 months (range
15.2e23.6). The incidence of grade three or higher
(grade �3) hypomagnesemia was 1%. The incidence
of grade 1e2 hypomagnesemia was 12%.
Lin et al. 2020 reported the use of atezolizumab

treatment in non-small cell lung cancer patients.30

This phase 2 study demonstrated the use of atezo-
lizumab in 40 patients with a median age of 67 years
(range 50e83). The patients received 2 cycles of
atezolizumab and were followed up for a median
duration of 22.5 months. The incidence of grade
three or higher (grade �3) electrolyte abnormalities
was hyponatremia (10%). The incidence of grade
1e2 hypercalcemia was 20%.
Jotte et al. 2020 reported the use of atezolizumab

treatment in squamous non-small-cell lung cancer
patients.31 This phase 3 study demonstrated the use
of atezolizumab in 681 patients with a median age of
65 years (range 23e86). The patients received 4e6
cycles of atezolizumab in combination with
chemotherapy for a median duration of 5.5 months
(range 0e37) and 6 months (range 0e37). The pa-
tients were followed up for a median duration of
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26.8 months. The incidence of grade three or higher
(grade �3) electrolyte abnormalities was hypomag-
nesemia (1.5%). The incidence of grade 1e2 hypo-
magnesemia was 15.9%.

4. Discussion

Over the past decade, immune checkpoint in-
hibitors targeting programmed cell death protein 1
(PD-1) or its ligand (PD-L1) have been approved as
potential first-line therapy for the treatment of a vari-
ety of cancers in association with chemotherapy and
other antineoplastic agents.32e35 Although atezolizu-
mab has been well established as emerging antineo-
plastic therapy thatprolongsprogression-free survival
and overall response rates,33,34 the encountered
adverse eventswith its use seem toaffect the outcomes
andunderlines theneed for careful consideration in its
administration with complex antitumor drug combi-
nations.34 As per the United States Food and Drug
Administration (FDA) approved data in advanced
urothelial carcinoma and metastatic nonesmall cell
lung cancer (mNSCLC), the toxicity related to atezo-
lizumab is mainly immune-mediated adverse events
(imAE), electrolyte disturbances, infections, and sys-
temic toxicity resulting in dose attenuation, treatment
discontinuation and death.35 The reported incidence
of common imAE includes hypersensitivity/infusion
reaction, hypothyroidism/thyroiditis, colitis, and
pneumonitis requiring management with high dose
corticosteroids (1e2 mg/kg prednisolone) followed by
tapering and discontinuation of atezolizumab ther-
apy.36 Mortality is attributed to infections including
sepsis, pneumonitis, and cardiac arrest, myocardial
infarction, and respiratory failure. The common cau-
ses of treatment discontinuation were fatigue, in-
fections (sepsis, colitis/diarrhea, cellulitis, and
osteomyelitis), and dyspnea. Laboratory abnormal-
ities were reported in 2% of patients with the most
frequent being hyponatremia, hypophosphatemia,
hyperkalemia, and hypomagnesemia.35,37 This sys-
tematic review assesses the correlation between the
use of atezolizumab and electrolyte abnormalities
across the set of malignancies in which it is used with
or without chemotherapy. We observed that atezoli-
zumab use is associated with a significantly higher
incidence of hyponatremia, hypophosphatemia, and
hypomagnesemia.
Most treatment-related electrolyte disorders were

of grade 1 or 2 and were manageable. Hyponatremia
and hypomagnesemia was more frequent compared
to other electrolyte disorders. Data on other elec-
trolyte abnormalities showed no significant differ-
ence in the risk of developing treatment-related
hypokalemia, hypercalcemia, and hypernatremia.

4.1. Hypomagnesemia

West et al. demonstrated the highest incidence of
treatment-related grade 1 or 2 hypomagnesemia
(12%) in stage IV non-squamous NSCLC. Schmid
et al. study reported 4% grade 1e2, 2% grade 3, and
1% grade 4 hypomagnesemia in metastatic triple-
negative breast cancer. Colevas et al. mentioned 3%
of grade 1e2 in Head and neck cancer, West et al.
showed 12% grade 1e2, 1% grade 3 in Stage IV non-
squamous non-small-cell lung cancer, Jotte et al.
observed 6% and 9.9% grade 1e2 hypomagnesemia
in atezolizumab plus carboplatin and paclitaxel and
atezolizumab þ carboplatin and nab-paclitaxel
(A þ CnP)nP group respectively while 1.5% grade
3e4 hypomagnesemia is seen in A þ CnP group
only in Stage IV Squamous Non-Small-Cell Lung
Cancer patients. The main underlying mechanism
leading to atezolizumab associated hypomagnese-
mia is uncertain but it has been proposed that
autoimmune kidney injury or gastroenterology los-
ses can contribute to these electrolyte disorders38,39

and concomitant combination therapy can have
more frequent involvement. It has been reported
that, without preventive measures, reduce magne-
sium levels can lead to acute or chronic complica-
tions including tetany, seizures, paralysis
arrhythmia, neurotoxicity, blindness, and cardio-
vascular disease,40,41 hence need prompt correction.

4.2. Hyponatremia

Hyponatremia is one of the most commonly re-
ported electrolyte disorders with atezolizumab
administration.42 Subsequent/Previous studies and
clinical trials also linked the association of hypona-
tremia with atezolizumab therapy as one of the most
common laboratory abnormalities.42e45 One of the
proposedmechanism bywhich PD-1 inhibitors leads
to hyponatremia includes low levels of adrenocorti-
cotropic hormone (ACTH) secondary to immune-
mediated hypophysitis or primary adrenal insuffi-
ciency.46,47 Hyponatremia serves as an important
negative prognostic factor for outcome in cancer pa-
tients, determines the response to treatment, and
overall-mortality in several different malignancies.48

It has been associated with prolonged hospitaliza-
tion, poor quality of life, and delays in anti-neoplastic
therapy administration.7 Hyponatremia caused by
anti-PD-1 therapy is noticed to be associated with
poor prognostic outcomes49 and correction of serum
sodium level leads to substantial improvement and
overall survival.50 In our included studies Sullivan
et al. and Lin et al. reported the highest incidence of
grade 1 or 2 hyponatremia in melanoma (11.8%) and
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aNSCLC (10%) patients respectively who received
atezolizumab while no grade 3 or above events were
reported.

4.3. Hypophosphatemia

The product review of atezolizumab in different
malignancies showed that the toxicity related to the
use of atezolizumab is considered manageable with
supportive measures and dose interruption, opti-
mizing the balance between efficacy and safety of
this drug. Although the data on electrolyte disorders
is rather short and immature, and only a few studies
were seen to report the grade-3 hypophosphatemia
with atezolizumab.51,52 Hypophosphatemia was the
second most commonly reported treatment-related
electrolyte abnormality in patients in our included
literature who were treated with atezolizumab.
Sullivan et al. described grade 3 or 4 hypo-
phosphatemia (17.9%) in melanoma patients treated
with atezolizumab þ cobimetinib þ vemurafenib
consequently requiring hospitalization. Regardless
of the multifactorial etiology of hypophosphatemia,
low phosphorous levels have been associated with
poor clinical outcomes as well.53 Prompt reversal is
critical to prevent serious consequences like hemo-
lytic anemia, muscle paralysis, and seizures.54 The
mechanism through which atezolizumab leads to
hypophosphatemia is yet unknown, however, renal
injury or immune-mediated toxicity is postulated to
contribute to hypophosphatemia with the use of
various checkpoint inhibitors.39,55 Nevertheless,
routine monitoring of renal function and electro-
lytes is recommended in these patients.

4.4. Hypokalemia

Hypokalemia with the use of atezolizumab is rare
with only 2% grade �2 events reported in the
literature (McDermott et al.). However, recently a
case report of paralysis due to hypokalemia in a
patient receiving an immune checkpoint inhibitor
has been published.56 The precise mechanism re-
mains unclear but routine laboratory values also
included deranged renal functions. Therefore po-
tential etiology of underlying acute kidney injury
due to immune checkpoint inhibitor was proposed.
Discontinuation of the drug and treatment with
steroids and intravenous potassium bicarbonate
successfully lead to the resolution of the paralysis.

4.5. Hypercalcemia

Although extremely rare, grade 1 or 2 hypercal-
cemia has been reported in Lin et al. in unresectable

non-small cell lung cancer. Another phase II/III
study reported 4% grade �3 or higher hypercalce-
mia in urothelial carcinoma patients treated with
atezolizumab. The exact underlying etiology by
which atezolizumab leads to hypercalcemia is not
yet clear, however, several mechanisms have been
proposed including endocrine dysfunction, sarcoid-
like granulomatous inflammation, humoral hyper-
calcemia of malignancy seen with raised para-
thyroid hormone-related peptide (PTHrP) produced
in excess and subsequently released by dying ma-
lignant cells, and/or pseudo-progressive disease
phenomenon where the tumor initially seems to be
expanding before finally shrinking.57 In general, the
incidence of hypercalcemia is reported in malig-
nancies much more commonly due to paraneo-
plastic syndrome (PTHrP induced), metastatic
lesions, or excessive vitamin D production from
tumor cells, however, raised calcium levels when
the cancer is in remission and temporal relation
with starting immune checkpoint inhibitors favors
the diagnosis of treatment-related hypercalcemia.
Prompt diagnosis is crucial and correction is rec-
ommended in symptomatic patients or when serum
calcium >15 mg/dL.57

Standalone electrolyte abnormalities are rare and
mostly occur in the background of immune-mediated
adverse events including adrenal insufficiency, thy-
roid dysfunction, and hypophysitis. In the event of
electrolyte disturbance, a workup for immune-medi-
ated adverse events should be pursued promptly.58 A
meta-analysis by Cantini et al. (2020) concluded that
an increased risk of electrolyte abnormalities partic-
ularly all-grade hyponatremia and hypokalemia cor-
relates with the use of immune checkpoint inhibitors
in general when compared to chemotherapy alone,
however, separate data on atezolizumab was not
available.59 The latest American Society of Clinical
Oncology clinical practice guidelines does not
explicitly address the management of electrolyte ab-
normalities occurring with the use of immune check-
point inhibitors.58 Discontinuation of therapy should
only be considered in severe or refractory cases.
The limitations to our study that may affect our

interpretation of the findings are pertinent to
mention here. Firstly, the data used is from indi-
vidual studies rather than individual patients due to
which the accurate assessment is limited. Secondly,
the trials did not report a uniform definition of
electrolyte disturbance and their grades of severity
which could lead to a misleading conclusion.
Thirdly, the overlap of undiagnosed immune-
mediated adverse events may lead to a false sense of
increased standalone electrolyte abnormalities
events. Moreover, the possible synergistic effect on
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electrolyte disturbance from other chemothera-
peutic drugs used in combination with atezolizu-
mab cannot be effectively ruled out.

5. Conclusion

In conclusion, atezolizumab emerged as a potential
therapeutic choice and the benefiterisk profile can be
optimized with toxicity surveillance and infection
prophylaxis. Severe electrolyte-related adverse
events including hyponatremia, hypophosphatemia,
and hypomagnesemia remain rare and seem to be a
relatively unknown complication associated with
atezolizumab that was not reported by clinical trials.
Since electrolyte abnormalities commonly occur in
patients who are getting treatment for malignancies
either due to treatment related adverse effects or the
malignancy itself, caution should be exercised by the
oncologists with the routine observation of these
electrolytes level and prompt intervention to prevent
serious complications and achieve a swift recovery
that may require ICU admissions.
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