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Abstract
Purpose: Intravenous (IV) sodium bicarbonate is considered standard therapy for high-dose methotrexate
(HDMTX) urine alkalinization. Due to a national IV sodium bicarbonate shortage, an oral (PO) sodium
bicarbonate protocol was implemented by Alberta Health Services (AHS) for HDMTX urine alkalinization.
This study aims to evaluate the e�cacy and safety of the PO sodium bicarbonate protocol compared to
IV sodium bicarbonate for HDMTX urine alkalinization.

Methods: A retrospective chart review of adult patients who received HDMTX (>500 mg/m2) with sodium
bicarbonate for urine alkalinization at 4 hospitals in Alberta was conducted. Patients who received IV
sodium bicarbonate between January-June 2017 and PO sodium bicarbonate between July-December
2017 were compared for the primary outcome of time to methotrexate clearance.

Results: A total of 84 and 78 HDMTX cycles were included in the IV and PO cohorts, respectively. No
difference in time to methotrexate clearance was seen between the IV and PO cohorts, 91.6 (± 35.4) hours
and 95.2 (± 44) hours respectively; p=0.5. The proportion of HDMTX cycles that experienced a >25%
increase in serum creatinine was not statistically signi�cant, IV protocol 12% and PO protocol 5%; p=0.13.
Nausea and emesis occurred more frequently in the PO cohort than the IV cohort, though rarely resulted in
refused doses or change to alternate sodium bicarbonate formulations.

Conclusions: The results of this study indicate that the AHS PO sodium bicarbonate protocol was no
different in time to methotrexate clearance or rates of increased serum creatinine when compared to IV
sodium bicarbonate.

Background
Methotrexate (MTX) is a folate antimetabolite used at high doses (>500 mg/m2) to treat oncologic
diagnoses such as leukemia, lymphoma, and osteosarcoma. Along with its therapeutic bene�t, high-dose
methotrexate (HDMTX) exposure is associated with potentially serious adverse effects.

MTX and its metabolites can precipitate in the renal tubules leading to nephrotoxicity in 2-12% of patients
[1]. As MTX is primarily renally eliminated, this nephrotoxicity can lead to delayed methotrexate clearance
and higher rates of additional adverse effects such as mucositis, myelosuppression, and hepatotoxicity
[1, 2]. MTX has poor solubility in acidic environments and when the urine pH is 7 or higher, solubility is
greatly improved [2]. As such, it is standard practice that patients receiving HDMTX undergo vigorous
hydration and urine alkalinization with intravenous (IV) sodium bicarbonate to maintain a urine pH above
7 [1-3]. At Alberta Health Services (AHS) these supportive care measures are routinely used in all patients
receiving HDMTX.

In 2017, a North American wide shortage of IV sodium bicarbonate necessitated the development of an
alternate method for HDMTX urine alkalinization. Sodium acetate is a common alternative to sodium
bicarbonate [4], however, a concomitant shortage of IV sodium acetate restricted its use. Acetazolamide
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is an inhibitor of carbonic anhydrase and causes urinary alkalinization by increasing the renal excretion
of sodium bicarbonate [5]. Data supporting the use of acetazolamide as monotherapy for HDMTX urine
alkalinization is limited to a small case series [6]. Additionally, concerns regarding adverse effects such
as metabolic acidosis and possible loss of the urine alkalinizing effect with prolonged administration
limits its use [6, 7]. Since enteral sodium bicarbonate formulations were unaffected by the shortage and
their routine use has demonstrated sustained urine pH over 7 [8], AHS developed an oral (PO) sodium
bicarbonate protocol extrapolated from the Johns Hopkins Hospital protocol (see Appendix). The PO
protocol utilizes routine PO sodium bicarbonate in all patients treated with HDMTX, with parenteral
sodium bicarbonate being restricted to patients not tolerating, or unable to achieve a target urine pH with
PO administration. Additionally, the use of lactated Ringer’s (LR), which converts to bicarbonate in vivo,
provides another bicarbonate source.

With future drug shortages remaining a concern, it has become increasingly important that alternate
HDMTX urine alkalinization methods are reviewed to ensure appropriate use. Therefore, our study was
developed to review the e�cacy and safety of the AHS PO sodium bicarbonate protocol compared to a
historical cohort utilizing IV sodium bicarbonate for HDMTX urine alkalinization.

Methods
Study Design

A retrospective chart review was conducted at four acute care centers in Alberta, Canada: the Foothills
Medical Centre, Peter Lougheed Centre, Cross Cancer Institute, and University of Alberta Hospital. Adult
patients that received HDMTX (> 500 mg/m2) with sodium bicarbonate for urine alkalinization were
reviewed for study inclusion. The IV cohort included HDMTX cycles that utilized IV sodium bicarbonate
for urine alkalinization between January and June, 2017. The PO cohort included HDMTX cycles that
utilized the oral sodium bicarbonate protocol between July and December, 2017. HDMTX cycles were
excluded if a mixed urine alkalinization protocol was administered (routine use of both PO and IV sodium
bicarbonate during the same HDMTX cycle), data was incomplete, errors administrating protocol dosing
occurred, alternate hydration protocols were used, or sodium acetate was administered. If a patient
received multiple cycles of HDMTX, each cycle was included in the appropriate cohort provided inclusion
criteria was met. Patients receiving HDMTX were identi�ed by reviewing electronic chart records or
pharmacy records utilized at each center. Data was collected from electronic and paper charts. Ethics
approval was obtained from The Health Research Ethics Board of Alberta Cancer Committee (HREBA-CC).
Due to the retrospective nature of the study, a waiver of consent was obtained. All data was collected
anonymously and presented aggregately.

Outcomes

The primary outcome of the study was time from HDMTX administration to MTX clearance. MTX
clearance was de�ned as the �rst of three possible endpoints: MTX level < 0.05 µmol/L, �rst dose of
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leucovorin 5 mg, or discharge.

Secondary outcomes included the time to MTX clearance for each course of HDMTX, number of sodium
bicarbonate bolus doses administered, total dose of sodium bicarbonate administered for each HDMTX
cycle, number of protocol leucovorin doses required to achieve MTX clearance, proportion of patients with
a > 25% increase in serum creatinine after MTX clearance, the proportion of HDMTX cycles with adverse
events (mucositis, nausea, emesis, diarrhea, neurologic complications and hypernatremia), and the
proportion of HDMTX cycles in the PO cohort with documented administration issues such as refusal of
doses or a need to change sodium bicarbonate formulation. Neurologic complications were de�ned as
somnolence, confusion, and seizure. Diarrhea was de�ned as ≥ 4 stools per day and hypernatremia was
de�ned as serum sodium level >145 mmol/L. To assist with interpretation of the primary outcome, each
HDMTX cycle was reviewed for concurrent administration of interacting medications that may impact
time to MTX clearance.

 A subgroup analysis was performed in patients included in both IV and PO cohorts for different HDMTX
cycles to identify trends in time to MTX clearance and proportion of serum creatinine increases > 25%, as
patients acted as their own control.

Treatments

Hydration and sodium bicarbonate therapy started the evening before HDMTX administration in both the
IV and PO protocols. Patients in the IV cohort received IV sodium bicarbonate 100 mmol/L in D5W + 20
mmol/L of potassium chloride at 200 mL/hr until MTX clearance. Treating clinicians were free to adjust
the infusion rate as needed. Patients in the PO cohort received sodium bicarbonate 1300 to 1500 mg q6h
and LR at 2 mL/kg/hr until MTX clearance. LR was chosen for hydration as it provides 28 mmol of
bicarbonate per liter. Patients received leucovorin as per the treatment protocol until MTX clearance. Once
MTX had cleared, leucovorin dosing was decreased to 5 mg PO four times daily for four more days.

Urine pH was measured prior to HDMTX administration and periodically after administration until MTX
clearance. HDMTX was administered once urine pH reached target of ≥7. If the urine pH was below 7 at
any time, an IV bolus of 50 mmol sodium bicarbonate could be administered in the IV cohort. Patients in
the PO cohort received either an IV sodium bicarbonate 50 mmol bolus or a 6500 mg PO sodium
bicarbonate bolus at the discretion of the treating physician. If the urine pH failed to reach target after
two bolus doses in the PO cohort, the routine dose of sodium bicarbonate was escalated to 6500 mg q6h.
Further escalation to 10000 mg q6h occurred if the urine pH continued to be low after 2 bolus doses on
routine dosing of 6500 mg q6h (Table 1). Frequency and timing of urine pH measurements was not
standardized due to differences in center speci�c practices. MTX levels were monitored daily after
HDMTX administration until a level of ≤ 0.05 µmol/L was achieved.

Statistical Analysis
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A convenience sample was used with data collected using RedCap and analyzed in Excel. Descriptive
statistics were used to analyze both cohorts, including mean + SD and median (range). Comparisons
between the IV and PO cohorts were calculated using students t-test and Chi-squared test for data with
assumed normal distribution. Wilcoxon Rank-Sum test was used for comparison of data following non-
parametric distribution.

Results
A total of 177 HDMTX cycles were reviewed for inclusion, of which 15 cycles were excluded for
incomplete data (n=6), use of a mixed protocol (n=3), use of an alternate hydration protocol (n=4),
administration of sodium acetate (n=1), and errors administering protocol dosing (n=1). Therefore, 162
HDMTX cycles, in a total of 79 patients, were included in the study: 84 HDMTX cycles (40 patients) in the
IV cohort and 78 HDMTX (44 patients) in the PO cohort (Figure 1). Five patients were included in both the
IV and PO cohorts as they were administered HDMTX cycles that quali�ed for each cohort.

Baseline characteristics were similar between the two groups with the exception that signi�cantly more
patients in the PO cohort had an “other” diagnosis which included mantle cell lymphoma, follicular
lymphoma, biphenotypic leukemia, plasmablastic lymphoma and peripheral T-cell lymphoma (Table 2).

Time to Methotrexate Clearance

No statistically signi�cant difference in time to MTX clearance was seen between the IV and PO cohorts,
91.6 (± 35.4) hours and 95.2 (± 44) hours respectively; p=0.5. Both cohorts were similar in the proportion
of cycles that met each endpoint de�ning MTX clearance (Table 3). When analyzed based on increasing
number of HDMTX courses, there was no difference in time to MTX clearance between the IV and PO
cohorts, nor were there any trends in time to MTX clearance identi�ed (data not shown).

Sodium Bicarbonate, Fluid and Leucovorin Doses

A total of 21 sodium bicarbonate bolus doses were given for low urine pH during 14 (17%) different
HDMTX cycles in the IV cohort and 105 sodium bicarbonate bolus doses were given during 37 (47%)
different HDMTX cycles in the PO cohort; p=<0.01. Of the bolus doses given in the PO cohort, 12 were
administered as an IV bolus. Notably, the mean total dose of sodium bicarbonate administered from all
sources during each cycle of HDMTX was signi�cantly lower in the PO cohort: 992 (± 432) mmol,
compared to the IV cohort: 1984 (± 850) mmol, p=<0.01. The average volume of �uid administered during
each HDMTX cycle in the IV cohort was 19692 (± 8574) mL and 17548 (± 7574) mL in the PO cohort;
p=0.09. There was no difference in the number of leucovorin doses given prior to MTX clearance between
the two cohorts (Table 4).

Adverse Events

Compared to baseline serum creatinine values, 10 (12%) and 4 (5%) HDMTX cycles experienced a greater
than 25% increase in serum creatinine after methotrexate clearance in the IV cohort and PO cohort,
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respectively; p=0.13.

A total of 29 HDMTX cycles experienced at least 1 adverse event in the IV cohort and 43 HDMTX cycles in
the PO cohort, p=<0.01. Rates of speci�c adverse events were similar between the two groups apart from
nausea and emesis, which occurred more often in the PO cohort (Table 5).

There were no patients in the PO cohort that required switching from routine PO sodium bicarbonate to IV
sodium bicarbonate due to intolerance. Administration issues were identi�ed in 2 HDMTX cycles in the
PO cohort. Patient refusal to take a PO dose secondary to severe nausea was documented during one
HDMTX cycle. Another HDMTX cycle documented a switch from sodium bicarbonate tablets to sodium
citrate-citric acid liquid due to di�culties swallowing tablets.

Interacting Medications

Overall, a total of 15 (18%) HDMTX cycles in the IV cohort and 12 (15%) HDMTX cycles in the PO cohort
received at least 1 interacting medication; p=0.67. There were no HDMTX cycles in either cohort that
received proton pump inhibitors or non-steroidal anti-in�ammatory medications other than low dose
acetylsalicylic acid. Both cohorts had a similar proportion of cycles that received concomitant interacting
antibiotics (penicillin, amoxicillin-clavulanate, ampicillin, cloxacillin, piperacillin-tazobactam, tetracycline,
cipro�oxacin, doxycycline and sulfonamides); IV cohort: 9 (11%), PO cohort: 7 (9%), p=0.9. Concomitant
administration of other interacting medications (amiodarone, cyclosporine A, probenecid, gem�brozil,
levetiracetam, procarbazine, and sulfasalazine) were similar between the IV and PO cohorts; IV cohort: 10
(12%), PO cohort: 5 (6%), p=0.23.

Subgroup Analysis of Patients Included in Both IV and PO Cohorts

Five patients were included in both the IV and PO cohorts. No trends in time to MTX clearance, nor the
number of cycles that experienced a greater than 25% increase in serum creatinine, could be identi�ed
comparing the IV and PO protocols in these 5 patients (data not shown).

Discussion
The results of this study demonstrate that the AHS PO sodium bicarbonate is comparable to our
historical IV sodium bicarbonate protocol for HDMTX urine alkalinization. Our results align with that of
other oral HDMTX urine alkalinization regimens previously published. A single-center, retrospective chart
review by Roy et al. compared IV sodium bicarbonate to scheduled sodium bicarbonate 3250 mg PO q2h
plus as needed acetazolamide for low urine pH in adults receiving HDMTX [9]. Mean time to MTX
clearance was found to be no different between the two cohorts; 64.2 ± 45.3 vs. 64.1 ± 45.8 hours, p=NS.
Compared to our study, Roy et al. had a shorter time to MTX clearance. While they also used a higher PO
sodium bicarbonate dose than our protocol, a higher MTX level of 0.1 µmol/L was used to de�ne MTX
clearance than our local standard and may explain their shorter time to MTX clearance. Another
retrospective cohort study by Kramer et al. compared a predominantly enteral protocol with combination
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sodium bicarbonate and acetazolamide to a predominately parenteral protocol in adult patients receiving
HDMTX [10]. Time to MTX clearance was not found to be statistically different between the enteral
protocol, 98 ± 38 hours, and the parenteral protocol, 88 ± 36 hours; p=0.06. Of note, the starting dose of
enteral sodium bicarbonate 3900 mg PO q6h in this protocol was higher than our PO protocol. Rouch, et
al. published a retrospective cohort study also �nding no difference in time to MTX clearance between
HDMTX cycles utilizing enteral alkalinizing agents and those utilizing parenteral alkalinization agents
[11]. The enteral and parenteral methods were not described, however.

An interesting �nding in our study was that our PO cohort utilized nearly 50% less sodium bicarbonate per
HDMTX cycle than the IV cohort. Despite the lower sodium bicarbonate dose, no differences in time to
MTX clearance or the rates of increased serum creatinine were seen between the two cohorts. This
�nding of an overall lower enteral sodium bicarbonate dose being comparable to a higher IV sodium
bicarbonate dose is re�ected in the literature, both in the pediatric and adult populations [9-10, 12-13].
Consideration to whether lower IV sodium bicarbonate doses have comparable outcomes to those
currently prescribed may be of interest.

A common concern with the use of PO sodium bicarbonate for HDMTX urine alkalinization is the
administration burden as a high quantity of tablets or liquid may be needed. Using an oral sodium
bicarbonate dose to mirror that provided by the standard IV protocol, Roy, et al. found that only 67.5% of
expected daily PO sodium bicarbonate doses were received by patients [9]. For this reason, AHS chose to
utilize a lower routine dose of PO sodium bicarbonate and LR for hydration to aid tolerability. Additional
sodium bicarbonate bolus doses and escalation of the routine PO dose as needed, helped ensure patients
could be managed on the lowest effective dose. An alternate method for HDMTX urine alkalinization is
combination therapy with PO sodium bicarbonate and acetazolamide. Various protocols have been
recently published utilizing this combination [6,10,14]. Acetazolamide use carries the risk of additional
adverse effects such as metabolic acidosis and gastrointestinal intolerance. As well, it is also associated
with an increased pill burden. The current literature for combination therapy uses a higher PO sodium
bicarbonate dose than our protocol and therefore is not expected to have a more acceptable
administration burden. With our protocol, we were able to successfully achieve MTX clearance using
lower routine PO sodium bicarbonate dosing than that currently reported in the literature.

Similar to the results reported by Roy, et al., Kramer et al., and Rouch, et al., this study did not �nd a
signi�cant difference in the rates of renal dysfunction, or mucositis between our PO and IV cohorts [9-11].
As well, no difference in the rates of neurologic complications, or hypernatremia were seen.
Gastrointestinal intolerance is known to be associated with PO sodium bicarbonate. Therefore, the higher
rates of nausea and emesis observed in our PO cohort are not surprising. These adverse effects, however,
rarely led to administration issues such as refusal of doses or a need to change sodium bicarbonate
formulation. Both Kramer, et al., and Rouch et al. found higher rates of diarrhea in their cohorts receiving
enteral urine alkalinizing therapy [10,11]. In our study, the rates of diarrhea were similar between our
cohorts. This discrepancy may be explained by the use of acetazolamide and higher doses of PO sodium
bicarbonate administered by Kramer, et al [10].
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This study has several limitations, most notably the retrospective design which carries the potential for
missing data due to incomplete documentation in patient charts. To address such limitations, MTX
clearance was de�ned by three different end points which increases the variability in time to MTX
clearance per cycle. However, this is unlikely to impact the interpretation of the results as both cohorts
had similar proportions of HDMTX cycles that met each of the three endpoints. We were also unable to
control for clinician preference for adjustment of sodium bicarbonate doses and IV �uid rates leading to
higher variability in the supportive therapy given during HDMTX cycles. Lastly, the use of a convenience
sample may not have been su�cient to identify a statistical difference in our primary outcome. To
con�rm the results of this study and better support the limited literature that exists regarding PO HDMTX
urine alkalinization strategies, a prospective, randomized trial design should be a consideration for future
research.

While the shortage of IV sodium bicarbonate has been resolved, ongoing use of PO sodium bicarbonate
for HDMTX urine alkalinization has bene�t. Enteral sodium bicarbonate is signi�cantly more cost
effective than IV sodium bicarbonate. In a cost analysis performed (based on our study results), the
approximate cost of sodium bicarbonate and IV �uids (excluding bolus doses) for a mean cycle duration
of 105 hours and 112.6 hours for the IV and PO protocols, respectively, was $795 CAD with the IV
protocol and $35 CAD with the PO protocol. Finally, the use of routine PO sodium bicarbonate offers the
potential for initiating urine alkalinization therapy as an outpatient. This allows for shortening hospital
admissions, or transitioning HDMTX administration to an ambulatory setting. Ambulatory HDMTX
administration has been successfully described by Pampin et al. in a single-center prospective study [15]
and Bernard et al. in a single-center retrospective review [16].

Conclusion
The results of this study indicates that the AHS PO sodium bicarbonate protocol was no different in time
to MTX clearance or rates of increased serum creatinine compared to IV sodium bicarbonate. Rates of
nausea and emesis occurred more frequently with the PO protocol but rarely led to administration
di�culties such as refused doses or need to change sodium bicarbonate formulation. The AHS PO
sodium bicarbonate protocol may offer a feasible alternative to IV sodium bicarbonate for HDMTX urine
alkalinization.
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Tables
Table 1: Sodium Bicarbonate Treatment Protocol

  IV cohort PO cohort

Routine Sodium
Bicarbonate Dosing

100 mmol/L in D5W +

20 mmol/L KCl at 200 mL/hr

1300 – 1500 mg PO q6h, and

lactated Ringer’s at 2 mL/kg/hr

As Needed Sodium
Bicarbonate Dosing for
urine pH ≥ 7

50 mmol IV 6500 mg PO, or

50 mmol IV

Escalation of Routine
Sodium Bicarbonate
Dosing

Increase in sodium bicarbonate
infusion rate as per treating
clinician

Increase to 6500 mg PO q6h if
PRN dose x2 unsuccessful, then

Increase to 10000 mg PO q6h if
PRN dose x2 unsuccessful

84 mg of sodium bicarbonate = 1 mmol of sodium bicarbonate. Lactated Ringer’s provides 28 mmol
sodium bicarbonate per liter.

 

Table 2: Baseline Characteristics

https://doi.org/10.1177%2F1078155220915769
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  IV Cohort PO Cohort P Value

Patients: N = 40 N = 44  

Age (years); mean (±SD) 50.9 (± 16.3) 51.6 (± 15.4) 0.83

Male; n (%) 30 (75) 32 (73) 0.4

Diagnosis; n (%)  

Diffuse Large B-cell Lymphoma 18 (45) 19 (43) 0.66

CNS Lymphoma 11 (28) 12 (27) 0.68

Burkitt Lymphoma 7 (18) 3 (7) 0.24

Acute Lymphoblastic Leukemia 3 (8) 4 (9) 0.66

Osteosarcoma 1 (3) 1 (2) 0.96

Other 0 5 (11) 0.02

HDMTX Cycles: N = 84 N = 78  

Methotrexate Dose (mg/m2); mean (±SD) 3978 (± 2509) 3470 (± 1090) 0.09

Courses of HDMTX; median (range) 2 (1-7) 2 (1-9) 0.82

Serum Creatinine (µmol/L); mean (±SD) 73 (± 20) 72 (± 23) 0.82

Diagnosis other: mantle cell lymphoma, follicular lymphoma, biphenotypic leukemia, plasmablastic
lymphoma, peripheral T-cell lymphoma. SD: standard deviation; HDMTX: high-dose methotrexate; CNS:
central nervous system

 

Table 3: Time to Methotrexate Clearance

  IV Cohort

(N = 84)

PO Cohort

(N = 78)

P Value

Time to MTX Clearance (hours); mean (±SD) 91.6 (± 35.4) 95.8 (± 44) 0.5

Primary Outcome Endpoint Met; n (%)  

Serum methotrexate level < 0.05 µmol/L 59 (70) 55 (71) 0.97

First leucovorin 5 mg dose 11 (13) 16 (21) 0.21

Discharge 14 (17) 7 (9) 0.15

SD: standard deviation; IV: intravenous; PO: oral; MTX: methotrexate; HDMTX: high-dose methotrexate
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Table 4: Sodium Bicarbonate, Fluid and Leucovorin Doses

  IV Cohort

(N = 84)

PO Cohort

(N = 78)

P
Value

Total Sodium Bicarbonate Dose Administered During HDMTX
Cycle (mmol); mean (±SD)

1984 (±
850)

992 (±
432)

<0.01

HDMTX Cycles Requiring as Needed Sodium Bicarbonate Bolus
Doses; n (%)

14 (17) 37 (47) <0.01

Total Volume of Fluid Administered During HDMTX Cycle (mL);
mean (±SD)

19692 (±
8574)

17548 (±
7574)

 0.09

Number of Leucovorin Doses (n); mean (±SD) 11.7 (6.4) 12.4 (6) 0.47

SD: standard deviation; IV: intravenous; PO: oral; HDMTX: high-dose methotrexate

 

Table 5: Change in Serum Creatinine and Adverse Events Experienced per HDMTX Cycle

  IV
Cohort

(N = 84)

PO
Cohort

(N = 78)

P
Value

Increase in SCr by greater than 25% from baseline; n (%) 10 (12) 4 (5) 0.49

Number of HDMTX Cycles Experiencing at Least One Adverse
event; n (%)

29 (35) 43 (55) <0.01

Mucositis 14 (17) 14 (18) 0.83

Neurologic complications n (%)

Confusion

Somnolence

Seizure

4 (5)

4 (5)

1 (1)

0

4 (5)

3 (4)

2 (3)

1 (1)

0.91

0.77

0.52

0.3

Nausea; n (%) 12 (14) 27 (35) <0.01

Emesis; n (%) 3 (4) 14 (18) <0.01

Diarrhea; n (%) 1 (1) 0 0.33

Hypernatremia; n (%) 3 (4) 2 (3) 0.71

IV: intravenous; PO: oral; SCr: serum creatinine
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Figures

Figure 1

Study Pro�le. Disposition of high dose methotrexate cycles reviewed for study inclusion. HDMTX: high-
dose methotrexate; PO: oral; IV: intravenous
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