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Abstract: The effect of the ESHAP (etoposide, methylprednisolone, cytarabine, cisplatin)
salvage protocol on serum electrolytes has been previously reported by individual observa-
tional studies. The most commonly described electrolyte affected by the ESHAP protocol is
magnesium. In addition, hypophosphatemia has been studied and reported as a complication
of cisplatin therapy, although it is usually asymptomatic. This is a case report of a 51-year-old
woman with relapsed Hodgkin’s lymphoma who developed severe hypophosphatemia following
administration of the first cycle of the ESHAP protocol. The patient started to develop gradually
decreasing phosphate levels 2 weeks after receiving chemotherapy, which needed to be corrected
by phosphate supplementation. This case report raises concern regarding hypophosphatemia as
a possible side effect of the ESHAP protocol and points to a need for close monitoring, taking
into consideration vitamin D levels, urinary phosphate excretion, parathyroid hormone levels,
and arterial blood gas analysis to rule out other contributing factors. Health care providers
should be made aware of this possible toxicity. Critical monitoring of phosphate levels and
considering supplementation is warranted with the ESHAP protocol, especially when it is used
in combination with granulocyte colony-stimulating factor and diuretics, to prevent such pos-
sible hypophosphatemia. Further investigations may be required to confirm and evaluate the
significance of this type of toxicity.
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Introduction

Several conditions are known to induce moderate to severe hypophosphatemia. They
include low dietary intake, conditions associated with decreased absorption or increased
urinary phosphate excretion, and conditions associated with shifts in phosphate from the
extracellular to intracellular fluid. The latter include various cellular uptake syndromes,
in which hypophosphatemia develops as a result of phosphate consumption by rapidly
proliferating cells.!? The association between hypophosphatemia and cytokines has
recently been investigated, and some authors have reported that hypophosphatemia
can be induced directly by certain cytokines.>*

The ESHAP (etoposide, methylprednisolone, cytarabine, and cisplatin) protocol is
an effective treatment for Hodgkin’s lymphoma,*¢ and the effect of this protocol on
serum electrolytes has been reported previously in some individual observational
studies. The most commonly described electrolyte affected is magnesium. Other elec-
trolyte imbalances are seen mainly in patients receiving cisplatin. In a study published
in 2012, there was a significant decrease in serum electrolytes including magnesium,
potassium, phosphorus, and calcium, following use of this agent.’
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Hypophosphatemia induced by ESHAP is not well
described, and is rarely considered as a side effect of the
chemotherapeutic agents in this protocol. Herein, we report
a case of severe hypophosphatemia concomitant with admin-
istration of the first cycle of the ESHAP protocol to a patient
with Hodgkin’s lymphoma.

Case report

A 51-year-old woman (weight 55 kg, height 160 cm) with a
history of hypertension, hepatitis C infection, chronic liver
disease with ascites, esophageal varices, and mild renal
impairment, was admitted electively to the National Centre
for Cancer Care and Research, Doha, Qatar, on April 22,
2012 to receive her first cycle of salvage ESHAP protocol for
treatment of recently relapsed Hodgkin’s lymphoma.

Her medications consisted of entecavir 1 mg once daily,
propranolol 20 mg twice daily, spironolactone 50 mg once
daily, allopurinol 100 mg once daily, furosemide 40 mg once
daily, and lactulose 30 mL twice daily.

On April 23,2012 she was started on the first dose of cycle
1 of the intravenous ESHAP protocol as follows: etoposide
40 mg/m?/day on days 1-4; methylprednisolone 500 mg/day
on days 1-4; cytarabine 2000 mg/m? on day 5; and cisplatin
25 mg/m?/day as a continuous infusion on days 1-4. She
finished her first cycle on April 27, 2012. Her laboratory
values prior to, throughout, and 24 hours after finishing this
cycle of chemotherapy were essentially normal (Table 1),
and she was discharged home on April 28, 2012 (day 6 of
chemotherapy).

Two days later (day 8 of chemotherapy) she was readmit-
ted with a temperature of 38.9°C. At this time she had a nor-
mal complete blood count and electrolyte levels (Table 1), and
was started empirically on intravenous vancomycin 1 g every
12 hours and piperacillin-tazobactam 4.5 g every 8 hours. On
day 10 (5 days after completion of treatment), she developed
leukopenia and neutropenia (white cell count 900/uL and
absolute neutrophil count 800/uL), and her phosphorus level
was 0.73 mmol/L. She was started on granulocyte colony-
stimulating factor (filgrastim 300 pg subcutaneously once a
day for 8 days), at which time her white cell count continued
to drop and reached 200/uL on day 13 (8 days after comple-
tion of treatment), and then started to recover, as shown in
Table 1. The phosphorus level continued to drop, and on day
17 (12 days after completion of treatment) reached a critical
level of 0.34 mmol/L (asymptomatic hypophosphatemia) and
potassium dropped to 2.4 mmol/L, although renal function
and serum calcium were normal. She was given a 20 mmol
intravenous potassium phosphate infusion on two successive

days and was started on neutral phosphate 250 mg orally three
times daily. Her serum phosphate returned to normal after
4 days, and was maintained at 1.35 mmol/L after discontinu-
ing supplementation.

Discussion

This report describes a patient with severe hypophosphatemia
after administration of the first cycle of the ESHAP protocol
and granulocyte colony-stimulating factor started on day 10
(5 days after completion of treatment) to treat the chemo-
therapy-induced leukopenia and neutropenia. ESHAP is an
effective salvage strategy for Hodgkin’s lymphoma, and is
associated with an overall response rate of approximately
70%—80%.%° The effect of this protocol on serum electrolytes
has been reported previously by some individual observa-
tional studies, and magnesium has been the electrolyte most
commonly mentioned. Further, hypophosphatemia has been
reported as a complication of cisplatin therapy, although has
been usually asymptomatic.!” Being infrequent complica-
tions, the exact cause of cisplatin-induced hypophosphatemia
and hypobicarbonatemia is not known, but significant hypo-
phosphatemia was observed in 67% of patients in one study,
particularly in female patients.!! Another Phase II study
examined the effect of fludarabine, cytarabine, cyclophos-
phamide, cisplatin, and granulocyte macrophage colony-
stimulating factor in patients with Richter’s syndrome and
refractory lymphoproliferative disorders, and hypophos-
phatemia was reported in 10% of cases."'

The association between hypophosphatemia and cytok-
ines has recently been investigated, and some authors have
reported that hypophosphatemia can be induced directly by
certain cytokines.>* Cytokines are low molecular weight
proteins and glycoproteins that are secreted principally by
activated lymphocytes and macrophages, and have a wide
range of functions in the hematopoietic and immune systems.
It has been postulated that characteristic clinical and histo-
pathological features of malignant lymphomas may be due
to activation of cytokines. Cytokine levels decreased after
chemotherapy in patients showing a response to therapy.
However, there are some conflicting and unreliable trends
in interleukin-6 levels after chemotherapy, with persistently
elevated levels seen in patients in clinical remission.'?

Various cytokines are associated with the development
of hypophosphatemia. Recent research has evaluated the
interrelationship between cytokine release, rise in white
cell count, and development of hypophosphatemia.* The
median time taken to reach the minimum phosphate level
was 8 days. There was a significant correlation between
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Table 2 Naranjo causality scale for adverse drug reactions'?

Question Scoring
Yes No Do not know Score
or unavailable
I. Are there previous conclusive reports +1 0 0 +1
on this reaction?
2. Did the adverse event appear after +2 +1 0 +2
the suspected drug was given?
3. Did the adverse reaction improve when +1 0 0 +1
the drug was discontinued or a specific
antagonist was given?
4. Did the adverse reaction appear when +2 | 0 0
the drug was readministered?
5. Are there alternative causes that could -1 +2 0 +2
have caused the reaction?
6. Did the reaction reappear when a placebo =1 +1 0 0
was given?
7. Was the drug detected in any body fluid +1 0 0 0
in toxic concentrations?
8. Was the reaction more severe when the +1 0 0 0
dose was increased/increasing, or less
severe when the dose was decreased?
9. Did the patient have a similar reaction to +1 0 0 0
the same or similar drugs in any
previous exposure?
10. Was the adverse event confirmed by +1 0 0 +1
any objective evidence?
Total +7

Notes: Scoring: >9, definite adverse drug reaction; 5-8, probable definite adverse drug reaction; 1-4, possible definite adverse drug reaction; 0, doubtful definite adverse

drug reaction."

day of the minimum phosphate level and day of maximum
white cell count, and a significant correlation between
the decrease in phosphate level and the increase in white
blood cells.>* In the present case report, our patient devel-
oped asymptomatic hypophosphatemia starting on day 10
(ie, 8 days after receiving chemotherapy and granulocyte
colony-stimulating factor, which is known to be associ-
ated with release of cytokines and an increase in white cell
count) and showed a significant correlation between day
of minimum phosphate level and day of maximum white
cell count, along with a significant correlation between the
decrease in phosphate level and increase in white cell count
(Table 1). Cytokine levels were not measured, but the clini-
cal findings in our patient were consistent with previously
reported data. Serious manifestations of hypophosphatemia
were prevented by phosphate infusion, and recurrence of
hypophosphatemia was prevented by oral supplementation,
and addressing other factors that might have contributed
to development of hypophosphatemia (vitamin D, urinary
phosphate excretion, parathyroid hormone, arterial blood
gas analysis, or any other drug which might have aggravated
the effect of cisplatin).

Using the Naranjo scale for adverse drug reactions,
we obtained a score of 7 (probable adverse drug reaction,
see Table 2)."* Based on this score and our clinical and
investigation findings, we considered the possibility of severe
hypophosphatemia being induced after the first cycle of the
ESHAP protocol. In view of the critical level of hypophos-
phatemia seen in our patient, close monitoring of phosphate
levels and consideration of supplementation is warranted
with the ESHAP protocol, especially when it is used in
combination with granulocyte colony-stimulating factor
and diuretics. This is a novel finding in the sense that, to the
authors’ knowledge, this side effect has not been reported
previously. Health care providers should be aware of this
potential toxicity, and appropriate monitoring of patients
should be implemented.

Conclusion

The ESHAP protocol may induce severe hypophosphatemia
at a late stage. Patients receiving this protocol should have
their serum phosphate levels monitored throughout treatment,
because some would require phosphate supplementation
in the second and third weeks after chemotherapy, taking
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into consideration the need to evaluate other potentially

contributing factors, including concomitant medications,

vitamin D levels, urinary phosphate excretion, parathyroid

hormone, and arterial blood gas analysis.
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