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Refractory hypokalemia caused by cetuximab with advanced
colorectal cancer patients: the case series and literature

review
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Cetuximab is the first-line treatment for advanced
metastatic colon cancer. But cetuximab can cause
electrolyte disturbances, including hypomagnesemia and
hypokalemia. Among them, hypokalemia is often caused
by hypomagnesemia, not directly caused by cetuximab.
This article reports two cases of refractory hypokalemia
caused by cetuximab without hypomagnesemia. The two
patients had no abnormalities in serum potassium before
cetuximab treatment. The occurrence of hypokalemia
was clearly correlated with the cetuximab, and they were
significantly improved after stopping or reducing the
dose. At the same time, the appearance of hypokalemia
is significantly related to the efficacy of cetuximab.

They have received 37 and 35 cycles of cetuximab-
related therapy, with condition stable periods of 12.8

and 15.1 months, respectively. Obviously, our report
refutes the above view. In our opinion, hypokalemia, a

Introduction

Cetuximab is an epidermal growth factor receptor
(EGFR) inhibitor. Cetuximab can inhibit the down-
stream signaling pathway of EGFR, reduce the invasion
and spread of tumor cells to normal tissues, and can also
achieve anti-tumor effects by inhibiting the formation
of new blood vessels in tumor tissue [1,2]. Compared
with FOLFIRI (irinotecan, leucovorin plus fluorouracil)
or FOLFOX (oxaliplatin, leucovorin plus fluorouracil)
chemotherapy alone, the addition of cetuximab has a
better curative effect and can improve patients’ response
rate, progression-free survival (PFS), and overall survival
(OS) [3-5]. It can be seen that cetuximab is the first-
line choice for advanced RAS wild-type colorectal cancer
because it has better efficacy, fewer adverse reactions,
and higher tolerance [5,6]. However, cetuximab may
also cause some adverse events such as neutropenia,
diarrhea, rash, and other common adverse reactions [7].
At the same time, it can also cause hypokalemia, hypo-
magnesemia, hypocalcemia, and other electrolyte distur-
bance through direct renal toxicity and affecting related
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side effect of cetuximab, may be directly caused by it,
rather than secondary to hypomagnesemia. Similar to
hypomagnesemia, the appearance of hypokalemia often
indicates a better curative effect of cetuximab. Anti-Cancer
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ion channels [8,9]. Cetuximab has the highest incidence
of hypomagnesemia in patients with colorectal can-
cer. Some studies have reported that the incidence of
hypomagnesemia is about 17%, another meta-analysis
reported the incidence of grade 3/4 hypomagnesemia in
the cancer group is about 2.9%, and the mechanism of
hypomagnesemia has not been studied clearly [10,11].
In terms of hypokalemia, a meta-analysis reported that
the incidence of all-grade hypokalemia caused by cetux-
imab was about 8%, of which the incidence of high-
grade hypokalemia was about 6.2%, the mechanism of
which remains unclear [12]. Some researchers reported
that hypomagnesemia will lead to a decrease of Na*-
K*-ATPase activity on the cell surface, which leads to
a decrease of K* influx and excessive loss from the kid-
ney, which leads to a decrease of serum potassium, rather
than the direct effect of cetuximab, meanwhile there are
pieces of evidence that potassium and magnesium sup-
plementation can alleviate hypokalemia levels [8,13,14].
T'he study reported on two patients with advanced meta-
static colorectal cancer who were treated with cetuximab
and caused refractory and isolated hypokalemia without
hypomagnesemia. The occurrence of hypokalemia in
two patients was clearly related to cetuximab and was
significantly improved after stopping or reducing the
dose.
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Case report

Case 1

A 64-year-old patient underwent ‘radical resection of trans-
verse colon cancer’ on 10 May 2016. The pathological results
of the patient showed that it was adenocarcinoma of the
right colon (ulcerative type, medium low differentiation).
The immunohistochemical results are as follows: PMS2(+),
MSH2(+), MSH6(+), MLH1(+), EGFR(+), pMMR. The
genetic testing suggests RAS wild type. He received six
cyclesofadjuvantchemotherapy with XELOX (Xeloda plus
oxaliplatin). In April 2017, the patient had liver recurrence
and metastasis. After undergoing surgical resection of liver
metastases, the patient received the FOLFIRI chemother-
apy regimen for eight cycles and oral Xeloda to maintain
chemotherapy for two cycles. In March 2018, the patient’s
liver MRI showed that the liver recurred again and the dis-
ease was progressing. Since 1 March 2018, the patient has
received chemotherapy combined with cetuximab. Due
to changes in the condition until 16 May 2020, cetuximab
combined with FOLFIRI, XEIRI (Xeloda plus irinotecan),
and fluorouracil for 37 cycles, with condition stable periods
of 12.8months. Since the administration of cetuximab on
1 March 2018, the patient has presented with refractory
hypokalemia: 3.224 +0.182 mmol/L, with the lowest value
of 2.73mmol/LL and the highest value 3.40 mmol/L.. After
cetuximab was stopped, serum potassium levels gradually

returned to normal (Fig. 1a). Considering that patient
1’s condition worsened due to cetuximab resistance, the
patient stopped cetuximab and switched to PD-1 inhibitor
(sintilimab) for immunotherapy on 16 May 2020. After stop-
ping cetuximab, the hypokalemia of patient 1 improved. In
order to explore the mechanism of hypokalemia, we have
performed computed tomography (CT) examination of
the adrenal glands, and there was no obvious abnormality
(Fig. 1b). The treatment timeline of patient 1 are as follows
(Fig. 1¢).

Case 2

A 42-year-old patient underwent ‘radical resection of
sigmoid colon cancer and microwave ablation of liver
metastases’ on 5 July 2019 after 12 cycles of cetuximab
combined with mFOLFOX6 chemotherapy for con-
version treatment. The patient underwent 12 cycles of
conversion therapy before surgery, the specific plan was
cetuximab combined with chemotherapy. Postoperative
pathology indicated moderately differentiated adenocar-
cinomas of the sigmoid colon and immunohistochemistry
indicated that MLH1(+), PMS2(+), MSH2(+), MSH6(+),
pMMR, MSS. For patient 2, cetuximab was combined
with chemotherapy since the operation. According to
the disease condition of patient 2, the dose of cetux-
imab was reduced from 1.1 to 0.8g on 16 September
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The clinical data, changes in blood potassium, and treatment history of patient 1. (a) Changes of serum potassium and serum magnesium of
patient 1. (b) Patient 1 adrenal glands have no obvious abnormalities as indicated by the red arrows. (c) Treatment timeline of patient 1. Cet, cetux-
imab; XELOX, Xeloda plus oxaliplatin; FOLFIRI, irinotecan, leucovorin plus fluorouracil; XELIRI, irinotecan plus Xeloda; PD, progressive disease.
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2020. On 23 November 2020, the patient stopped cetux-
imab and switched to bevacizumab. After reducing
the dose and stopping cetuximab, the hypokalemia of
patient 2 improved, too. He received 35 cycles of cetux-
imab-related therapy, with a condition stable period of
15.1 months. Since the first use of cetuximab after radi-
cal operation, the patient has presented with refractory
hypokalemia: 3.146£0.220 mmol/LL, with the lowest
value 2.64mmol/LL and the highest value 3.78 mmol/LL
(Fig. 2a). The patient’s 24-h urine biochemical test
showed no obvious increase in potassium excretion. We
also consider whether the patient has adrenal gland dis-
ease that causes hypokalemia. CT plain scan (Fig. 2b)
showed a slight thickening of the adrenal glands but no
obvious space-occupying lesions. The mineralocorticoid
test for patient 2 is no abnormality (Fig. 2¢). Treatment
timelines of patient 1 are as follows (Fig. 2d).

Management and outcome

Active potassium and magnesium supplementation during
hospitalization and frequent monitoring of blood potas-
sium levels. Considering that patient 1’s condition wors-
ened due to cetuximab resistance, the patient stopped
cetuximab and switched to PD-1 inhibitor (sintilimab) for
immunotherapy on 16 May 2020. According to the disease
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condition of patient 2, the dose of cetuximab was reduced
from 1.1 to 0.8 g on 16 September 2020. On 23 November
2020, the patient stopped cetuximab and switched to bev-
acizumab. Two patients are still alive today. After stopping
cetuximab, the hypokalemia of patient 1 improved. After
reducing the dose and stopping cetuximab, the hypo-
kalemia of patient 2 improved, too. They received 37 and
35 cycles of cetuximab-related therapy, with condition
stable periods of 12.8 and 15.1 months, respectively.

Discussion

Cetuximab, an anti-EGFR antibody, combined with
chemotherapy has been written into several guidelines as
the first-line standard treatment regimen for colorectal can-
cer [6,15]. However, adverse effects should be taken into
account when receiving the efficacy from cetuximab. In this
study, the more prominent adverse effect of the two patients
was refractory hypokalemia without hypomagnesemia. The
influence of cetuximab on electrolytes may be manifested
as severe hypomagnesemia, hypokalemia, hypocalcemia,
etc., among which hypomagnesemia is the most common,
and relevant studies have also been frequently reported
[8,16]. Hypomagnesemia caused by cetuximab has not
been thoroughly studied, and it may be related to transient
receptor potential melastatin 6 and 7 ('RPM6/7) channels
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The clinical data, changes in blood potassium, and treatment history of patient 2. (a) Changes of serum potassium and serum magnesium of
patient 2. (b) Patient 2 adrenal glands slightly enlarged on CT plain scan as indicated by the red arrows. (c) Patient 2 mineralocorticoid. (d)
Treatment timeline of patient 2. mMFOLFOXB8, oxaliplatin, leucovorin plus fluorouracil; PD, progressive disease; SBRT, stereotactic body radiation

therapy.
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[17]. The presence of TRPMS6/7 is the biological basis nec-
essary for Mg®* reabsorption, the TRPM6 channel mainly
exists in the distal tubules that mediate Mg®* reabsorption,
and the TRPM?7 channel is expressed on the cell surface of
each kidney tissue [18]. EGF is a magnesium affinity hor-
mone that can regulate the activity of TRPM6. Cetuximab,
an EGFR blocker, can block TRPM6/7 channel transport,
reduce Mg* reabsorption and increase excretion, leading
to hypomagnesemia [18-21].

However, there are few reports of hypokalemia directly
caused by cetuximab, and there are still no relevant reports
on its mechanism. In a mate-analysis of phase III prospec-
tive clinical trials of cetuximab for advanced malignant
tumors, it was reported that the incidence of all-grade hypo-
kalemia was about 8%, of which high-grade hypokalemia
was about 6.2% [12]. Generally speaking, it is believed that
hypokalemia is usually secondary to hypomagnesemia.
When serum magnesium is lower than the normal level
(0.75-1.25mmol/L.), the influx of potassium ions of the
renal outer-medullary K* channel (ROM-K) weakens, and
K" are excreted from the body, leading to hypokalemia [22].

We reported two patients with refractory hypokalemia
who were not associated with hypomagnesemia and were
given magnesium supplements based on trials, but the
hypokalemia was not corrected. This may indicate that
the hypokalemia of two patients was related to other fac-
tors without hypomagnesemia. First, we clinically verify
the independent correlation between cetuximab and

Fig. 3

hypokalemia reported in this report. According to Naranjo
Algorithm Assessment, our total score was seven points,
indicating that hypokalemia is likely to be associated
with cetuximab (Fig. 3) [23]. Both of them were patients
with advanced colorectal cancer who had received long-
term cetuximab treatment (37 cycles vs. 35 cycles), and
both showed refractory hypokalemia. Serum potassium
levels increased steadily after reducing the dose or with-
drawal of cetuximab. Both patients were well fed and had
no history of insulin treatment. From the discovery of
hypokalemia, they have been instructed to eat foods with
high potassium content, oral potassium tablets and sup-
plement solution, magnesium supplementation. In order
to rule out primary aldosteronism, abdominal C'T' exam-
inations were performed on two patients. Patient 1 had
no obvious abnormalities in the C'T of the adrenal glands
(Fig. 1b) and patient 2 had a slight enlargement of the
adrenal glands (Fig. 2b). C'T scans of the adrenal glands
of the two patients showed no obvious space-occupying
disease. So, we continue to improve the mineralocorticoid
test for patient 2, and there is no abnormality (Fig. 2¢),
which can rule out hyperaldosteronism. In addition, we
conducted a detailed investigation on patient 2 and found
no other diseases that caused primary hypokalemia. By
excluding diagnostic and experimental discontinua-
tion or reducing the dose of cetuximab, we believe that
refractory hypokalemia is caused by cetuximab. In addi-
tion, hypokalemia is usually secondary to hypomagne-
semia. When the magnesium content in the body is lower

To assess the adverse drug reaction, please answer the following questionnaire and give the pertinent score.

rYes J No l Do not know Score
1. Are there previous conclusive reports on this +1 0 0 +1
reaction?
2. Did the adverse event appear after the suspected drug +2 -1 0 +2
was administered?
3. Did the adverse reaction improve when the drug was +1 0 0 +1
discontinued or a specific antagonist was admin-
istered?
4. Did the adverse reaction reappear when the drug was +2 -1 0 0
readministered?
5. Are there alternative causes (other than the drug) that -1 +2 0 0
could on their own have caused the reaction?
6. Did the reaction reappear when a placebo was given? -1 +1 0 0
7. Was the drug detected in the blood (or other fluids) in +1 0 +1
concentrations known to be toxic?
8. Was the reaction more severe when the dose was in- +1 0 0 +1
creased, or less severe when the dose was decreased?
9. Did the patient have a similar reaction to the same or +1 0 0 0
similar drugs in any previous exposure?
10. Was the adverse event confirmed by any objective +1 0 0 +1
evidence?
Total score 7

Naranjo Algorithm Assessment. According to the results of the total score, it was divided into four grades: ‘positive’, ‘likely’, ‘possible’, and ‘sus-
picious’, which were used to describe the degree of causality of adverse reactions. Positive>9 points; likely 5-8 points; possible 1-4 points;

suspicious<0 points.
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than the normal level (0.75-1.25 mmol/L.), ROM-K can
weaken the influx of potassium ions, increase the excre-
tion of potassium ions from the urine, and lead to hypo-
kalemia [24]. However, the two patients we reported
had refractory hypokalemia without hypomagnesemia:
patient 1 mean blood magnesium: 0.844 +0.037 mmol/L,
lowest value 0.78 mmol/L,, highest value 0.90 mmol/L;
patient 2 mean blood magnesium: 0.777 +0.032 mmol/L,
lowest value 0.72mmol/L,, highest value 0.84 mmol/L.
Meanwhile, trial magnesium supplementation was per-
formed, but hypokalemia was not corrected. This may
indicate that hypokalemia among them may be related to
the direct nephrotoxicity induced by cetuximab, but the
specific mechanism is not clear and further basic mecha-
nism research is needed.

Interestingly, when we collected the survival data of two
patients, we found that both patients showed a good
response to cetuximab. In a meta-analysis of cetuxi-
mab, patients with hypomagnesemia caused by cetuxi-
mab showed better PFS (HR: 0.64; 95% CI, 0.47-0.88),
OS (HR: 0.72; 95% CI, 0.53-0.92), ORR (RR: 1.81; 95%
CI, 1.30-2.52), it is clear that hypomagnesemia is asso-
ciated with the benefits of PFS [25]. We suspect that
hypokalemia is similar to hypomagnesemia, and its
degree is positively related to the efficacy of cetuxi-
mab. Among them, patient 1 has received 37 cycles of
cetuximab-related treatment and was in a stable state for
12.8months. Patient 2 has received 35 cycles of cetux-
imab, of which 15.1 months were stable, and is now
receiving reduced maintenance cetuximab based on his
condition. Compared with the TAILOR trial, these two
patients showed better efficacy [26]. We hypothesized
that the occurrence of hypokalemia may be an independ-
ent predictor of the prognosis of cetuximab, but we have
not found relevant reports and studies in the literature,
so this hypothesis requires further laboratory evidence.

In the clinic, blood electrolyte content should be closely
monitored when cetuximab is used, and potassium
should be timely supplemented through gastrointestinal
and venous channels when serum potassium decreases.
K" is an essential metal cation in cells and the material
basis for maintaining resting potential. When serum
potassium is lower than normal, hypokalemia increases
cardiac excitability, reduces conductivity, and increases
the autorhythmicity of abnormal exciting points, lead-
ing to arrhythmias. It is worth noting that most of the
K" in the body is present in the intracellular fluid. When
the serum potassium starts to decrease, the intracellular
K" will be removed compensatively to keep the serum
potassium stable. When serum potassium reaches a meas-
urable hypokalemia level, it means that there is a lack of
potassium in the cells, so it is necessary to supplement
potassium in the systemic circulation and intracellu-
lar fluid. However, since it is difficult to determine the
potassium concentration in the intracellular fluid, the
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total amount of potassium added is mainly based on the
experience of clinicians. So, it is also important to mon-
itor potassium concentration in time during potassium
supplementation.
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