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Purpose: Intravenous (IV) sodium bicarbonate is typically used in alkalization regimens for
the safe use of the chemotherapeutic agent high-dose methotrexate (HDMTX). Urine para-
meters including urine output and pH are important in order to minimize the risk of kidney
injury, which increases adverse effects and hospital length of stay following HDMTX. IV
sodium bicarbonate has been on shortage, and there are limited literature describing the
safety of alternative regimens.

Patients and methods: A single institution, prospective analysis of non-Hodgkin’s lym-
phoma and acute lymphoblastic leukemia patients receiving HDMTX for central nervous
system (CNS) prophylaxis or disease. Patients received an oral (PO) regimen of sodium
bicarbonate and acetazolamide to achieve a urine pH >7. This cohort was compared to a
subsequent IV sodium bicarbonate control cohort. Multiple co-primary safety outcomes
assessed the incidences of acute kidney injury and delayed methotrexate clearance as well
as change in liver function tests. Secondary outcomes included time to urine pH, time to
urine output, and length of stay.

Results: A total of 126 encounters were studied for the primary safety outcome. There was
no difference between AKI incidence in patients receiving the PO alkalization regimen
compared to patients receiving IV sodium bicarbonate (14.5% vs 9.3%, respectively,
P=0.41). There was no difference in methotrexate clearance between the PO and IV groups
(26.5% vs 37.2%, respectively, P=0.21). The use of PO alkalization regimen is estimated to
have saved 2002 vials of IV sodium bicarbonate and was approximately US$226 less
expensive per encounter.

Conclusion: This analysis supports the use of PO regimens to achieve urine alkalization
necessary for safe administration of HDMTX during periods of IV sodium bicarbonate
shortage. Further studies may determine optimal dosing strategies that decrease length of
stay and ensure noninferiority of efficacy outcomes with PO regimens for urine alkalization
with HDMTX.

Keywords: non-Hodgkin’s lymphoma, acute lymphoblastic leukemia, oral alkalization,
alkalization, high-dose methotrexate, chemotherapy administration

Introduction
High-dose methotrexate (HDMTX) is a chemotherapeutic agent used in the treatment
and prevention of central nervous system (CNS) disease for lymphoma, leukemia,

and other malignancies like sarcoma. Methotrexate (MTX) is a competitive inhibitor
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of the enzyme dihydrofolate reductase that interrupts DNA
biosynthesis. Because of poor penetration of the blood—
brain barrier, HDMTX is administered to adequately pene-
trate cerebrospinal fluid (CSF) and parenchyma. HDMTX
is typically given at doses 1-12 grams per square meter of
body-surface area (g/m?).'

Following intravenous MTX administration, 90-95%
is excreted unchanged by the kidneys.? Therefore, acute
kidney injury (AKI) after administration of HDMTX, is a
medical emergency since prolonged MTX exposure leads
to severe cytopenias, mucositis, febrile neutropenia, and
liver toxicity. Previous studies have shown the rate of AKI
to be 2-12%.° MTX is poorly soluble at pH less than 7,
and an acidic environment within the renal tubules may
result in increased risk of MTX precipitation and AKIL.>*
Urine alkalization and hyperhydration with adjustment
based upon serial monitoring of urine pH and output are
cornerstones in the prevention of nephrotoxicity following
HDMTX. In addition, avoidance of medications that inter-
act with MTX clearance or plasma protein-binding, mon-
itoring of serum creatinine (SCr) and MTX concentrations,
and utilizing pharmacokinetic-guided leucovorin rescue
per treatment protocols are necessary for safe
administration.> Implementation of supportive measures
and monitoring, the incidence of life-threatening toxicity
has decreased from approximately 10% to less than 1%.’

Hospitalization is warranted prior to and following
administration of HDMTX due to the intensity of monitor-
ing required. At the University of Virginia Medical Center,
intravenous (IV) sodium bicarbonate has historically been
utilized to achieve a goal urine pH of at least 7 and
hyperhydration with a goal urine output of at least 125
mL/hr (over a 4-hr period) is required before and after
administration of HDMTX.

In May 2017, IV sodium bicarbonate was on national
which

Therapeutics Committee to implement restrictions based

shortage, led our institution’s Pharmacy and
upon indication.’ At the time of the shortage, there were
limited published data on the use of PO regimens to achieve
urine alkalization in patients receiving HDMTX. Rouch et al
detailed the safety and feasibility of utilizing PO sodium
bicarbonate tablets and sodium citrate/citric acid suspension
but did not define a standard dose.” Shamash et al utilized an
acetazolamide monotherapy regimen; however, there were
concerns at our institution that prolonged carbonic anhydrase
inhibition may lead to metabolic acidosis, the eventual inabil-
ity to concentrate bicarbonate ions in the urine, and potentially,

AKI. Therefore, an approach combining PO sodium

bicarbonate and acetazolamide was conceived to prevent
development of metabolic acidosis and to ensure consistent
achievement of goal urine alkalization.® This study aims to
determine the safety and tolerability of this PO regimen for
urine alkalization in patients receiving HDMTX.

Methods

A single institution, prospective cohort study was designed
to evaluate patients admitted to a tertiary academic center
receiving either IV or PO alkalization for administration of
HDMTX during the period of May 2017 to March 2018.
According to the Declaration of Helsinki, this study was
approved by the Institutional Review Board for Health
Sciences Research at the University of Virginia Health
System. This study was deemed as quality improvement
research. The University of Virginia Health System
Institutional Review Board approved this study to be filed
as Exempt Determination, which does not require written
consent. Two cohorts were a part of this study: patient
encounters initiated on PO alkalization observed from
May 2017 to October 2017 and a control group of encoun-
ters who received IV alkalization from November 2017 to
March 2018. All medications were obtained from a com-
mercial wholesaler. The initial IV sodium bicarbonate and
PO sodium bicarbonate plus acetazolamide regimens for
urine alkalization are detailed in Table 1. In addition,
encounters in both the PO and IV alkalization cohorts
could receive up to 50 mEq of IV sodium bicarbonate
admixed with the MTX infusion bag, which is standard
practice for 2-hr infusion protocols at our institution. After
starting alkalization, regimens could be modified as neces-
sary to achieve urine pH or output goals—including starting
IV sodium bicarbonate continuous infusion in the patients
originated on the PO regimen—based upon the clinical
judgment of the treating physician. No patient received
oral alkalization prior to admission as this is not a standard
practice at the University of Virginia.

Inclusion criteria consisted of patients >18 years of age
scheduled to receive HDMTX for hematologic malignan-
cies. HDMTX was administered as 2.8-3.5 g/m” over 2
hrs for the treatment or prophylaxis of CNS disease for
non-Hodgkin’s lymphoma, including primary CNS lym-
phoma. Patients with acute lymphoblastic leukemia were
treated on HDMTX regimens administered over 24 hrs
based upon either Hyper-CVAD (1 g/m®) or Children’s
Oncology Group study AALL0232 (5 g/m?).>'" Patients
who received HDMTX doses greater than 5 g/m* were
excluded from this analysis.
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Table | Urine alkalization regimens used at the University of Virginia Medical Center

Intravenous regimen Oral regimen

Sodium bicarbonate 75—150 mEq/L IV continuous
infusion at 175 mL/hr

Sodium bicarbonate 2,600 mg (four 650-mg tablets) PO 6 times daily scheduled at 0000—
0600-0900-1300-1700-2100
Acetazolamide 250 mg PO Q6H scheduled at 0000-0600- 1200-1800

0.45% sodium chloride IV continuous infusion at 175 mL/hr

Abbreviations: |V, intravenous; PO, oral.

Data including patient demographics, treatment regi-
mens, lab values, and safety parameters were collected
through review of the electronic medical record. Co-pri-
mary outcomes assessing safety included incidence of AKI,
incidence of decreased MTX clearance, and change in the
liver function tests aspartate aminotransferase (AST), ala-
nine aminotransferase (ALT), and total bilirubin; these were
assessed from the time of HDMTX infusion until hospital
discharge. AKI was defined according to criteria defined by
the Kidney Disease Improving Global Outcomes (KIDGO)
practice guidelines.'' Creatinine clearance was also calcu-
lated by the Cockcroft—Gault formula utilizing actual body
weight.'? A case of delayed MTX clearance was defined by
failure to meet any protocol-specific goal for MTX plasma
concentrations (Table S1). The secondary outcomes
included length of hospital stay and time from hospital
admission to initiation of MTX infusion, to meeting urine
pH goal of 7, and to meeting urine output goal of greater
than or equal to 125 mL/hr. All laboratory procedures were
performed with commercial instruments in the core inpati-
ent laboratory or FDA approved point-of-care medical
devices on the oncology unit. Total quantity of IV and PO
sodium bicarbonate and PO acetazolamide were also col-
lected. Finally, a cost analysis was completed to determine
if there were any financial consequences to using the PO
alkalization regimen. For each medication, the lower end of
the Average Wholesale Price range as published by Medi-
Span was used to estimate costs associated with each regi-
men (Table S3)."

The statistical analysis made unadjusted comparisons of
PO and 1V alkalization using Student’s #-test for continuous
variables and chi-square analysis for categorical variables.
Statistical significance was defined at a two-sided alpha at
0.05. Descriptive statistics were done for continuous vari-
ables. All analyses used SPSS Statistics, version 22.0.0.0.

Results
Overall, 56 patients and 162 encounters were analyzed for
inclusion. On average, patients had around three encounters

for the treatment regimen. Twelve encounters were
excluded due to receipt of HDMTX greater than 5 g/m?,
and 24 encounters were excluded for receiving a planned,
initial urine alkalization regimen that combined both PO
sodium bicarbonate tablets and IV sodium bicarbonate as
continuous infusion. Twenty patients were identified to
meet inclusion criteria in the IV alkalization group and 28
patients met inclusion criteria in the oral alkalization group.
One hundred twenty-six patient encounters were included
in the study: 83 patient encounters in the PO alkalization
and 43 patient encounters in the IV sodium bicarbonate
cohorts. The PO alkalization encounters were older
although not statistically significant than the IV cohort
with a median age of 55 years (range 21-77) and 52 years
(range 21-74), respectively (P=0.90). Patient cases from
encounters utilizing the PO alkalization regimen had similar
median weight compared to the IV alkalization group.
Baseline characteristics of the two cohorts are described in
Tables 2 and 3.

In the safety analysis, there was a non-statistically
significant trend toward higher AKI incidence with the
PO regimen (14.5% vs 9.3%, P=0.41). However, there
was no difference in the incidence of delayed methotrexate
(26.5% for PO vs 37.2% for IV, P=0.21) or absolute
change in AST, ALT, or total bilirubin (Table 4).

In order to consistently calculate time to HDMTX (as
the first chemotherapy received), time to urine output >125
mL/hr, time to urine pH >7, and hospital length of stay, a
subset of patient encounters (n=66) were analyzed. These
encounters were scheduled admissions with the plan to
initiate HDMTX—as a single agent or as the first in a
multi-agent chemotherapy regimen—immediately upon
achievement of urine output and pH parameters.
Unplanned HDMTX encounters for new or progressive
disease or those with plans to start HDMTX later in the
admission following other chemotherapy were excluded
from these time-sensitive assessments. Results of these
analyses are summarized in Table 5. Time to MTX was
not statistically significant between alkalization regimens
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Table 2 Baseline demographics for high-dose methotrexate encounters
Demographics Intravenous alkalization (n=20) Oral alkalization (n=28) P-value
Age (years) 52+16.5 55+16.1 0.90
Weight (kg) 80+19.9 79.5+20.3 0.84
Female, n (%) 14 (70) 11 (39) 0.04
Baseline serum creatinine (mg/dL) 0.8 0.7 NA
Baseline CrCl (mL/min) 121.4167.6 119.8465.3 0.8l
Baseline AST (U/L) 234523 23+49.7 0.95
Baseline ALT (U/L) 26+85.3 25+80.7 091
Baseline total bilirubin (mg/dL) 0.4+0.3 0.45+0.3 0.99
Primary malignancy, n (%) 0.66
Non-Hodgkin’s lymphoma 8 (40) 13 (46)
CNS lymphoma 8 (40) 8 (29)
Acute lymphoblastic leukemia 4 (20) 7 (25)

Table 3 Patient encounters analyzed

Encounters for methotrexate

Intravenous alkalization (n=43)

Oral alkalization (n=83)

Methotrexate regimen, n (%)

Hyper-CVAD (I g/m® over 24 hrs) 7 (16) 10 (12)
2.8 mg/m? over 2 hrs 3(7) 0

3.5 mg/m? over 2 hrs 30 (70) 62 (75)
COG ALL0232 (5 g/m? over 24 hrs) 3(7) 11 (13)

Note: All values are reported as mediantstandard deviation unless otherwise specified.
Abbreviations: AST, aspartate aminotransferase; ALT, alanine aminotransferase; CrCl, creatinine clearance (Cockcroft—Gault equation); COG, Children’s Oncology Group.

Table 4 Safety outcomes of the intravenous and oral regimens used for urine alkalization

in patients receiving high-dose methotrexate

Toxicity Intravenous alkalization (n=43) Oral alkalization (n=83) P-value
Acute kidney injury, n (%) 4 (9.3) 12 (14.5) 0.41
Change in CrCl (mL/min) -23.2 -20 0.45
Delayed methotrexate clearance, n (%) 16 (37.2) 22 (26.5) 0.21
Increase in AST (U/L) 59.3 50.6 0.64
Increase in ALT (U/L) 91.9 59.6 0.34
Increase in total bilirubin (mg/dL) 0.38 0.48 0.14

Note: Acute kidney injury defined according to Kidney Disease Improving Global Outcomes Practice Guidelines.
Abbreviations: AST, aspartate aminotransferase; ALT, alanine aminotransferase; CrCl, creatinine clearance (Cockcroft—Gault equation).

Table 5 Secondary outcomes of the intravenous and oral regimens used for urine alkalization in patients receiving high-dose

methotrexate
Parameter IV alkalization (n=12) Oral alkalization (n=54) P-value
Time to Urine output goal (hours) 9.24+3.4 5.9+34 0.1
Time to Urine pH goal (hours) 4.8+1.8 4.8+2.2 0.4
Time to Methotrexate (hours) 8.0+2.6 7.9+3.0 0.6
Length of Stay (days) 3.1+0.9 3.8+5.6 0.3

Note: Preadmission encounters only included with all other encounters excluded. All values are reported as mediantstandard deviation.

(7.9 hrs for PO vs 8.0 hrs for IV, P=0.6). Time to urinary
output goal of 125 mL/hr was markedly reduced, but with-
out statistical significance, with PO alkalization (5.9 hrs vs

9.2 hrs, P=0.1). Length of stay was also not statistically

different; however, it was longer in encounters utilizing
PO alkalization (3.8 days vs 3.1 days, P=0.3).

The IV regimen for urine alkalization was associated
with an average of 25.8 vials of 50-mEq IV sodium
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bicarbonate per HDMTX encounter, while the PO regimen
utilized 90.7 sodium bicarbonate tablets, 13.8 acetazola-
mide tablets, and 1.6 vials of IV sodium bicarbonate per
case. For the 83 patients administered the PO regimen, it is
estimated 2002 vials of IV sodium bicarbonate were saved
during the shortage. Furthermore, the PO regimen was
approximately US$226 less expensive per HDMTX
encounter ($57.87 vs $283.44). The estimated cost savings
for all 83 patients in the PO cohort were $18,722. These
data are described in Tables S2 and S3.

Discussion

National drug shortages are a common occurrence with a
multitude of causes, which include manufacturing difficul-
ties related to sterile injectables, shortage of raw ingredi-
ents, delays due to the production of multiple different
therapeutic agents on the same supply line, inability of
competing manufacturers to quickly increase output in
response to production delay or discontinuation by another
manufacturer, and lack of excess inventory throughout a
complex distribution network.'* Given the several recent
occurrences of IV sodium bicarbonate shortages, strategies

to allow for the safe administration of HDMTX is impera-
tive for the treatment of patients with hematologic malig-
nancies. There have been limited attempts at modifying IV
sodium bicarbonate regimens with PO substitutes or other
alternatives outlined in Table 6. This study demonstrates
that a PO alkalization regimen with PO sodium bicarbo-
nate and PO acetazolamide is feasible and reduces the cost
of treatment medications, albeit with increased pill burden.
PO alkalization regimens in literature were limited at the
time of the national shortage. Roy et al recently published
another institution’s protocol for PO alkalization in the
time of the national shortage.'> Their HDMTX “shortage”
protocol included PO sodium bicarbonate at 3250 mg
every 2 hrs in addition to PO or IV acetazolamide 250-
500 mg every 6 hrs as needed. There were no statistically
significant differences in MTX clearance, hospital length
of stay, AKI, or hepatotoxicity. However, there was
increased time of urine pH <7 and significant increase in
length of stay. Shamash et al used monotherapy acetazo-
lamide to keep patients’ urine alkalized and found no
increase in AKI or difficulties with MTX clearance.® The
study demonstrated that if acetazolamide is used as single

Table 6 Overview of previously published alternative regimens to intravenous sodium bicarbonate for urine alkalization

Author | Regimen Comparator arm Outcomes Adverse
events
Shamash | Acetazolamide 500 mg IV every 6 hrs | No comparator No delayed clearance | No significant
etal® for 48 h AEs
Rouch Sodium bicarbonate: 650 mg tablet or | Parenteral sodium bicarbonate (50150 mEq) No difference in AKI | Diarrhea
etal’ sodium citrate 500 mg/ citric acid 334 | physician preference or hepatic injury P=0.002
mg/ 5 mL every 6 hrs
Visage Sodium bicarbonate: 1950 mg/m? or No comparator Delayed clearance Gl side effects
etal'’ Sodium citrate-citric acid oral solution: seen in 2% of cases reported in
22.5 mEq/m*/dose every 6 hrs 43%
Roy Sodium bicarbonate: 3250 mg PO Intravenous sodium bicarbonate (150 mEq per No difference in No difference
etal'® every 12 hrs 1000 mL) AND oral sodium bicarbonate at 3250 [ MTX clearance in change in
Acetazolamide 250 mg-500 mg PO or | PO every 4 hrs PRN for urine pH <7.5 Increase in LOS creatinine
IV every 6 hrs PRN urine pH <7.5+ P=0.23 clearance
possible outpatient alkalinization No difference in
toxicity (AKI,
hepatoxicity,
myelosuppression)
Alrabiah Sodium acetate IV Parenteral sodium bicarbonate No difference in No adverse
et al'® LOS, time to pH >8, | events
MTX clearance, or identified
AKI
Abbreviations: MTX, methotrexate; PO, oral; IV, intravenous; LOS, length of stay; PRN, as needed; GI, gastrointestinal.
Cancer Management and Research 2019:1 | submit your manuscript 8069
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agent greater than 48 hrs, adverse effects occur. When
used alone, prolonged carbonic anhydrase inhibition with
acetazolamide results in depletion of the bicarbonate-car-
bon dioxide buffer in blood and could eventually lead to
loss of urine alkalization followed by worsening MTX
crystallization in the kidney tubules. Roy et al investigated
an PO alkalization regimen similar to ours with sodium
bicarbonate and PO acetazolamide; however, they used
higher doses and more frequent PO sodium bicarbonate
and reserved acetazolamide for use as needed when urine
pH was <7.5.1°

We demonstrated in our study no significant difference in
MTX clearance rate, which is similar to previous studies
using PO sodium bicarbonate.” There are several limitations
to this study. HDMTX at doses exceeding 5 g/m” were
excluded because there were too few treatment courses at
this dose that utilized the PO regimen for urine alkalization.
The analysis was done in a prospective design; however, it
was not a randomized controlled trial and was not analyzed
with case match controls. We did not establish and incidence
of mucositis or other potential toxicities due to inconsistent
reporting in the EMR. However, there were no re-admissions
for mucositis toxicity from HDMTX administration. In addi-
tion, cytopenias were difficult to assess in the setting of
patients getting multi-agent chemotherapy for most regimens
with ALL and CNS lymphoma. Cytopenias that occur were
likely due to the combination effect of chemotherapy, rather
than HDMTX. There was no documented evidence of MTX-
induced rash or pneumonitis. No patients received glucarpi-
dase or dialysis for the treatment of delayed methotrexate
clearance and AKI.

Our studied intervention of PO sodium bicarbonate and
acetazolamide was a well-tolerated. Compared to previously
published PO treatment regimens, this study had a smaller
sodium bicarbonate pill burden. The protocol was designed
to accommodate patient sleep schedule and reduce wake
times for pill administration. Finally, this is the first study
of a PO regimen for urine alkalization to include a cost
analysis, which demonstrated the PO regimen to be asso-
ciated with potential significant savings if implemented in a
large patient population.

Conclusion

Despite IV bicarbonate shortages, HDMTX can be admi-
nistered safely with the implementation of several PO
alkalization regimens for urinary alkalization. Our analysis
is the largest prospective look at a PO alkalization method.
While it has been attempted to decrease time to MTX

administration, time to urine parameters, and ultimately
length of stay, PO regimens do not appear to impact
these objectives unless the oral alkalization regimen has
been started prior to admission.'® Further prospective trials
should be undertaken to establish the safety and efficacy of
alternative PO alkalization regimens.
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Table S1 Delayed methotrexate clearance definitions for each regimen. Cases failing to achieve a protocol-specific plasma concen-

tration goal at any single time point were defined as having delayed clearance

MTX Regimen Goal MTX plasma level by time point following start of HDMTX infusion

24 hrs 42 hrs 48 hrs 72 hrs
2.8-35 g/mz over 2 hrs <10 pmol/L Not applicable <I| pmol/L <0.1 pmol/L
Hyper-CVAD (I g/m? over 24 hrs) <20 pumol/L Not applicable <I pmol/L <0.l pmol/L
COG AALL0232 (5 g/m? over 24 hrs) <150 pmol/L <10 pmol/L <6 pmol/L N/A

Abbreviations: MTX, methotrexate; COG, Children’s Oncology Group.

Table S2 Medication utilization analysis for the intravenous and oral regimens used for urine alkalization in patients receiving high-

dose methotrexate

tablets)

Regimen IV sodium bicarboanate | IV sodium acetate PO sodium bicarbonate PO acetazolamide
(50 mEq vial) (100 mEq vial) (650 mg tablet) (250 mg tablet)

Intravenous (number of 25.77 0 0.23 0

vials or tablets)

Oral (number of vials or | 1.64 0.07 90.75 13.80

Table S3 Cost analysis for the intravenous and oral regimens used for urine alkalization in patients receiving high-dose methotrexate

Cost Analysis (US$) IV sodium IV sodium acetate PO sodium PO acetazolamide Total
bicarboanate (50 mEq | (100 mEq vial) bicarbonate (650 mg (250 mg tablet)
vial) tablet)
Cost per vial or tablet ($) | 11.00 10.00 0.01 2.77 NA
Total cost of IV regimen 283.44 0 0 0 283.44
per encounter ($)
Total cost of PO regimen | 18.09 0.66 0.91 3821 57.87
per encounter ($)

Note: Costs are expressed as Average Wholesale Price accessed from Medi-Span May 6, 2019."
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