Barakatetal , Journal of the Egyptian
Journal of the Egyptian National Cancer Institute (2022) 34:17

https://doi.org/10.1186/543046-022-00122-7 National Cancer Institute

RESEARCH Open Access

. . ) )
Is hypoalbuminemia a risk factor Gl
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Abstract

Background: Repeated high-dose methotrexate (HDMTX) is a critical component of contemporary childhood acute
lymphoblastic leukemia (ALL) treatment regimens. Serum albumin is considered a carrier of methotrexate (MTX) in
the blood. Hypoalbuminemia is not a rare finding in children with leukemia. This study aimed to investigate the rela-
tionship between pre-infusion serum albumin and possible HDMTX toxicities.

Methods: Thirty Egyptian children with ALL were consecutively enrolled in the study between May 2018 and July
2020. They were prospectively followed up while receiving HDMTX during the consolidation phase of the TOTAL study
XV protocol. HDMTX was administered intravenously as a 24-h infusion every 2 weeks. Doses of 2.5 g/m? were used
for low-risk patients and 5 g/m? for standard/high-risk patients. The Common Terminology Criteria for Adverse Events
(V.4.03) was used to report the observed toxicities after HDMTX cycles. Plasma MTX levels were estimated at 24 h
(MTX,,) from the beginning of HDMTX infusion in the first consolidation cycle. Serum albumin level was determined
before HDMTX administration, and pre-infusion hypoalbuminemia was defined when serum albumin was <3.5 g/dL.

Results: The patients'age ranged from 2.3 to 13.3 years at diagnosis, and most of them had B cell ALL (86.7%).
Overall, 120 HDMTX cycles were analyzed, equally distributed between low and standard/high risk. Grade 3-4 anemia,
grades 3-4 thrombocytopenia, febrile neutropenia, and oral mucositis were significantly more frequent in HDMTX
cycles with pre-infusion hypoalbuminemia than those with normal pre-infusion albumin (p=0.003, p=0.007, p=0.006,
and p=0.001, respectively). In addition, pre-infusion hypoalbuminemia was significantly associated with additional
hospitalization due to HDMTX toxicity (p=0.031). Most HDMTX toxicities were comparable irrespective of the MTX
dose. Oral mucositis was more frequently encountered in the 2.5 g/m? than the 5 g/m? HDMTX cycles (46.7 vs. 26.7%,
p=0.023). A significantly longer hospitalization (due to HDMTX toxicity) was observed in the 5 g/m? HDMTX cycles
(median= 7 days vs. 4 days, p=0.012).

Conclusions: Serum albumin levels should be checked before starting HDMTX cycles, especially in resource-limited
settings where malnutrition is common, and serum MTX monitoring may not be available. Optimizing serum albumin
levels before HDMTX may help decrease the possibility of HDMTX toxicities.
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Background
Acute lymphoblastic leukemia (ALL) is the most com-
mon cancer in the pediatric age group, and it is respon-
< — - sible for most of cancer-related deaths in children
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infusion or at high doses (> 1 g/m?) over 24 h, followed
by folinic acid administration to limit toxic effects, are
a critical component of contemporary ALL regimens
[2, 3].

Structurally, MTX is a derivative of tetrahydrofolate
(the active form of folic acid), which competitively
inhibits the main enzymes in folate metabolism, dihy-
drofolate reductase (DHEFR), and thymidylate syn-
thetase (TYMS) [4]. Albumin is alkalotic and binds to
weak acids in the serum. As a weak acid, approximately
50% of MTX is bound to serum albumin, making albu-
min a drug carrier for MTX in the blood [5].

Unfortunately, up to 50% of children with cancer
experience hypoalbuminemia before the start of chem-
otherapy [6]. Hypoalbuminemia can reflect the poor
nutritional status as patients with hematologic/lym-
phatic malignancies and solid metastatic tumors may
be cachectic, malnourished, and generally sicker than
patients with localized, non-metastatic tumors. In chil-
dren with ALL, L-asparaginase administered during the
induction phase of chemotherapy may cause hypoalbu-
minemia [7].

It is well known that the nutritional status of children
with cancer plays a critical role in the progression of
the disease [8]. Malnutrition in children may be defined
as a pathological state resulting from inadequate nutri-
tion, including undernutrition and overnutrition (over-
weight and obesity) [9]. It has been reported that the
prevalence of malnutrition in children with ALL from
developing countries was higher than those from devel-
oped countries (21-52% compared to <10%) [10]. Mal-
nutrition leads to an increased risk of infection and
alterations in the drug metabolism with higher toxic-
ity rates, subsequent chemotherapy delays, and pos-
sibly treatment cessation [8]. Malnutrition, therefore,
can explain the lower survival rates of childhood ALL
in developing countries as compared to the developed
ones [11].

Management of toxicities related to high-dose
methotrexate (HDMTX) continues to be a challenge.
Although routine MTX monitoring is recommended
during HDMTX therapy, some patients may encounter
severe adverse events, even when serum MTX concen-
trations are within the recommended values. This sug-
gests that plasma MTX concentration is not the only
predictive value for adverse clinical events [12]. Moreo-
ver, resource-limited settings face practical difficulties
in monitoring serum MTX concentrations due to the
unavailability of the test and its high cost. So, an eco-
nomical alternative for predicting HDMT X-related tox-
icities is needed. The present study aimed to investigate
the relationship between pre-infusion albumin level
and HDMT X-related toxicities in children with ALL.
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Methods

This study was a prospective cohort in which 30 children
with ALL were enrolled (younger than 15 years old at
diagnosis). They were admitted to the Pediatric Hema-
tology/Oncology Department, Alexandria University
Children’s Hospital, Egypt, for the consolidation phase
of chemotherapy between May 2018 and July 2020. The
local research ethics committee approved this study.
Informed consent/assents were signed by the patient’s
legal guardians/patients.

According to the TOTAL XV study protocol, all
patients received four HDMTX infusions at 2-week inter-
vals in the consolidation phase [13]. Before HDMTX,
pre-hydration (IV) fluids were given for 12 h. Hydration
was also continued during HDMTX infusion, and urine
pH was maintained above 6.5.

MTX was administered IV as a 24-h infusion (low risk:
2.5 g/m?, standard/high risk: 5 g/m?); 10% of the dose was
administered over 1 h as a loading dose, and the remain-
ing 90% was evenly administered over the following 23
h. Leucovorin (LV) 15 mg/m? IV for standard/high risk
or 10 mg/m? IV for low risk was administered 42 h after
the start of HDMTX and repeated every 6 h with a total
of five doses. Plasma MTX levels were estimated at 24
h (MTX,,) from the beginning of the HDMTX infusion
during the first cycle of consolidation (in 30 HDMTX
cycles out of the total 120 cycles) using enzyme-linked
immunosorbent assay (ELISA) technique [Human Meth-
otrexate ELISA Kit, SinoGeneClon Biotech Co., Ltd.,
China]. Triple intrathecal therapy was given on the day
of HDMTX in addition to 50 mg/m?*/day oral 6-mercap-
topurine during the 8 weeks of consolidation.

Toxicity criteria and monitoring

Patients were assessed for possible MTX side effects for
a total of 120 HDMTX cycles. Routine laboratory inves-
tigations were analyzed before HDMTX and 7 days after
drug infusion to detect any possible toxicity. Body mass
index (BMI) Z-score was calculated using the WHO
child growth standards 2006 [14]. Patients were con-
sidered underweight if their Z-scores were <-2 SD and
overweight if their Z-scores were >2 SD. Those who had
3 SD or more were deemed to be obese. Patients with
BMI (from —2 SD to 2 SD) were considered normal. The
scoring system for the National Cancer Institute Com-
mon Terminology Criteria for Adverse Events (V.4.03)
(CTCAE) was used for grading gastrointestinal toxici-
ties (oral mucositis, vomiting, abdominal pain, diarrhea,
and upper gastrointestinal hemorrhage), hematologi-
cal toxicities (neutropenia, anemia, thrombocytopenia,
and febrile neutropenia), hepatotoxicity (increased ala-
nine transferase (ALT), aspartate transaminase (AST),
and total bilirubin), nephrotoxicity (increased serum
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creatinine), and toxicities of the nervous system, skin,
and eye [15].Additional hospitalizations due to HDMTX
toxicity were documented.

Cycles were categorized based on the pre-infusion
serum albumin level measured on the day of HDMTX
infusion or using the most recent serum albumin
recorded within 3 days before infusion. According to the
local laboratory reference, serum albumin levels between
3.5 and 5.6 g/dL were considered normal, while hypoal-
buminemia was defined when serum albumin levels were

<3.5 g/dL [16].

Statistical analysis

Data were analyzed using IBM SPSS software package
version 20.0 (Armonk, NY: IBM Corp). The Kolmog-
orov-Smirnov test was used to verify the normality of
distribution. For comparing categorical variables, a chi-
square test was used. Fisher’s exact correction was used
when more than 20% of the cells have an expected count
of less than 5. Student’s ¢ test was used for quantitative
variables, to compare between two studied groups. The
Mann—-Whitney test was used for abnormally quantita-
tive variables, to compare between two studied groups.
The significance of the obtained results was judged at the
5% level.

Results

The demographic characteristics and clinical features of
the included children are presented in Table 1. A total
of 120 cycles of HDMTX were analyzed; equally distrib-
uted between the low-risk arm (2.5 g/m?) and the stand-
ard/high-risk arm (5 g/m?). The observed toxicities after
120 cycles of HDMTX infusions are shown in Fig. 1 in
descending order of frequency. No deaths were attrib-
uted to MTX toxicity.

The mean + SD pre-infusion albumin level of the 120
HDMTX cycles was 3.69 £+ 0.58 g/dL (range: 2.5-5 g/
dL); 38 (31.7%) HDMTX cycles were associated with pre-
infusion hypoalbuminemia.

The relation between pre-infusion albumin (<3.5 g/
dL & >3.5 g/dL) and the commonly observed clinical
and laboratory toxicities are presented in Table 2. We
excluded toxicities observed in <20% of cycles from the
current analysis. Anemia, thrombocytopenia, febrile neu-
tropenia, and oral mucositis were significantly more fre-
quent in cycles with pre-infusion hypoalbuminemia than
cycles with pre-infusion albumin > 3.5 g/dL (p=0.024,
p=0.008, p=0.006, and p=0.001, respectively). Pre-infu-
sion hypoalbuminemia was significantly associated with
grades (G) 3-4 anemia and G3-4 thrombocytopenia
(p=0.003 and p=0.007, respectively).

Since pre-infusion hypoalbuminemia was associ-
ated with G3-4 anemia, we compared pre-infusion
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Table 1 Demographic and clinical data of included patients

N (%)

Sex

Male 15 (50.0)

Female 15 (50.0)
ALL subtype

B-ALL 26 (86.7)

T-ALL 4(133)
Risk stratification

Low risk 15 (50.0)

Standard/high risk 15 (50.0)
Age at diagnosis (years)

Min.—Max. 230-13.30

Median (IQR) 4.25
BMI-for-age Z-score

Underweight (<-2 SD) 2(6.7)

Normal (—2 SD _ 2SD) 22 (73.3)

Overweight (> 2 SD) 4(13.3)

Obese (>3 SD) 2(6.7)

hemoglobin levels between cycles with and without pre-
infusion hypoalbuminemia. There was no significant
difference between the two groups with a mean (SD)
of 10.184+1.31 g/dL and 9.78+1.21 g/dL, respectively
(p=0.102). Similarly, no significant difference was
detected between cycles with and without pre-infusion
hypoalbuminemia regarding pre-infusion platelets with
a median of 269.5 x10*°/L (range: 126-825) vs. 291 x
10*°/L (range: 84—859), respectively, p=0.263.

Regarding hospitalization due to HDMTX-related tox-
icity, it was more reported in cycles with pre-infusion
hypoalbuminemia (39.5%) than those with normal pre-
infusion albumin (p=0.031). On the other hand, neu-
tropenia, increased ALT, AST, and creatinine were not
significantly related to pre-infusion hypoalbuminemia.
No significant difference was detected between the two
groups when comparing the length of hospitalization due
to HDMTX toxicity.

Comparisons of the commonly observed toxicities
between 2.5 g/m?> HDMTX cycles and 5 g/m*> HDMTX
cycles are shown in Table 3. Toxicities of HDMTX did
not differ significantly between the 2.5 g/m? HDMTX
cycles and the 5 g/m* HDMTX cycles except for oral
mucositis and length of hospitalization. Oral mucositis
was significantly more frequent in the 2.5 g/m? than the
5 g/m? HDMTX cycles (46.7% vs. 26.7%, p=0.023). A sig-
nificantly longer hospitalization (due to HDMTX-related
toxicity) was observed in the 5 g/m?> HDMTX cycles
(median 7 days vs. 4 days, p=0.012).

According to BMI Z-scores, 8/30 (26.7%) of children
with ALL were malnourished (underweight, overweight,
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Fig. 1 Observed toxicities within the 120 cycles of HDMTX infusions in descending order of frequency. Figure 1 shows the distribution of the
observed toxicities within the 120 cycles of HDMTX infusions in descending order of frequency. The most common observed toxicities were
hematological toxicities (neutropenia and anemia) that were present in 77% of cycles, each. Oral mucositis came next in frequency 37%, followed

by increased creatinine 33%, then thrombocytopenia 31%. Increased ALT,

and 26% of cycles, respectively. Vomiting was reported in 18% of cycles. Increased total bilirubin was present in 8% of cycles. Also, abdominal
pain and diarrhea were observed in 6% of cycles. Conjunctivitis was present in 3% of cycles. The least frequently reported toxicities were upper
gastrointestinal hemorrhage, maculopapular rash, and peripheral neuropathy (1%) of cycles

increased AST, and febrile neutropenia were present in 28%, 28%,

and obese). Pre-infusion hypoalbuminemia was detected
in 9/32 (28.1%) HDMTX cycles in the malnourished
patients vs. 29/88 (33%) HDMTX cycles in patients with
normal BMI. The difference between the two groups was
not statistically significant (p=0.615).

Moreover, there was no significant difference between
malnourished patients and those without malnutri-
tion regarding the commonly observed toxicities in 120
HDMTX cycles (Table 4).

As for the concomitant drugs given during HDMTX
infusion and clearance (for 72 h after the start of
HDMTX infusion), antibiotics in the form of penicillin
and vancomycin were given in 3/120 (2.5%) and 2/120
(1.7%) of the cycles. Three out of five HDMTX cycles
with concomitant penicillin or vancomycin were asso-
ciated with pre-infusion hypoalbuminemia. The most
common HDMTX-related toxicities in these cycles
were G3-4 oral mucositis, G3—4 neutropenia, febrile

neutropenia, G1-2 anemia, and G1-2 increased cre-
atinine. Each of the ciprofloxacin and proton pump
inhibitors was given in 1/120 (0.8%) cycles. None of the
enrolled patients experienced extravascular fluid col-
lections that might contribute to MTX delayed elimina-
tion such as ascites or pleural effusions.

Plasma MTX levels at 24 h (MTX,,) were available
for the first cycle of consolidation only (30/120 cycles).
MTX,, ranged from 10.79 to 123.73 pmol/L (median
29.0 pmol/L) in the thirty HDMTX cycles. There was
no significant difference in MTX,, levels according to
MTX dose (2.5 g/m? vs. 5 g/m?), with a median of 32.45
pumol/L (range 19.43-73.67) vs. 25.44 pumol/L (range
10.79-123.73), respectively (p=0.202). Five out of 15
(33.3%) and 2/15 (13.3%) patients who received 2.5 and
5 g/m* HDMTX had MTX,, levels higher than 33 and
65 pmol/L, respectively. Pre-infusion hypoalbuminemia
was detected in three patients.
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Table 2 Relation between pre-infusion albumin level and commonly observed toxicities of the HDMTX cycles (N = 120)

Pre-infusion Albumin (g/dL)

<3.5 g/dL (N = 38)

>3.5g/dL (N =82)

p

N (%)
Hematological toxicities
Neutropenia
No 8(21.1) 20 (24.4) "\ test” p=0.688
Yes 30(78.9) 62 (75.6)
G3-4 24(63.2) 46 (56.1) "\ test” p=0.466
Anemia
No 4(105) 24(293) “ test” p=0.024
Yes 34 (89.5) 58 (70.7)
G3-4 18 (47.4) 17 (20.7) " test” p=0.003
Thrombocytopenia
No 20 (52.6%) 63 (76.8%) " test” p=0.008
Yes 18 (47.4%) 19 (23.2%)
G3-4 11(289) 8(9.8) "\ test” p=0.007
Febrile neutropenia®
No 22 (57.9) 67 (81.7) " test” p=0.006
Yes 16 (42.1) 15(18.3)
Hepatic toxicity
Increased ALT
No 26 (68.4) 60 (73.2) “ test” p=0.591
Yes 12(31.6) 22 (26.8)
G3-4 1(2.6%) 5 (6.1%) Fp=0663
Increased AST
No 24 (63.2) 63 (76.8) " test’ p=0.119
Yes 14 (36.8) 19(23.2)
G3-4 2 (5.3%) 2 (2.4%) FEp=0.590
Gastrointestinal toxicity
Oral mucositis
No 16 (42.1) 60 (73.2) " test” p=0.001
Yes 22(57.9) 22 (26.8)
G3-4 9(23.7%) 11 (13.4%) " test” p=0.160
Nephrotoxicity
Increased creatinine
No 22 (57.9) 58 (70.7) " test” p=0.165
Yes 16 (42.1) 24(29.3)
G3-4 0 (0%) 2 (2.4%) Fp=1.000
Hospitalization®
No 23 (60.5) 65 (79.3) "\ test’ p=0.031
Yes 15 (39.5) 17 (20.7)
Length of hospitalization (N=15) N=17)
Median (IQR) 4 (3-8) 6(3.5-7.5) “Utest”p=0.576
Min.—Max. 2-14 2-12

P-value significant when p <0.05
?There is no grades 1 or 2 in the CTCAE score system grading febrile neutropenia, and it was reported in the present study only in grade 3 [15]

b Extra days of hospitalization due to HDMTX-related toxicities
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Table 3 Comparison of commonly observed toxicities between 2.5 g/m? HDMTX cycles and 5 g/m? HDMTX cycles (N = 120)

2.5 g/m? HDMTX cycles (N = 60) 5 g/m? HDMTX cycles (N = 60) p
N (%)
Hematological toxicities
Neutropenia
No 16 (26.7) 12 (20.0) )(2 test”" p=0.388
Yes 44(73.3) 48 (80.0)
G3-4 35 (58.3) 35 (58.3) " test” p=1.000
Anemia
No 13(21.7) 15 (25.0) "\ test” p=0.666
Yes 47 (78.3) 45 (75.0)
G3-4 17 (28.3) 18(30.0) "\ test” p=0.841
Thrombocytopenia
No 39 (65.0) 44(73.3) “ test’ p=0.323
Yes 21 (35.0) 16 (26.7)
G3-4 10(16.7) 9(15.0) " test” p=0.803
Febrile neutropenia?
No 45 (75.0) 44 (73.3) X2 test” p=0.835
Yes 15 (25.0) 16 (26.7)
Hepatic toxicity
Increased ALT
No 46 (76.7) 40 (66.7) "\ test’ p=0.224
Yes 14 (23.3) 20 (33.3)
G3-4 2(3.3%) 4 (6.7%) FEp=0.679
Increased AST
No 44.(73.3) 43(71.7) "\’ test” p=0.838
Yes 16 (26.7) 17 (28.3)
G3-4 2(3.3%) 2(3.3%) FEp=1.000
Gastrointestinal toxicity
Oral mucositis
No 32(533) 44(73.3) “ test’ p=0.023
Yes 28 (46.7) 16 (26.7)
G3-4 10 (16.7%) 10 (16.7%) " test” p=1.000
Nephrotoxicity
Increased creatinine
No 41 (68.3) 39 (65.0) “ test’ p=0.699
Yes 19(31.7) 21(35.0)
G3-4 1(1.7%) 1(1.7%) FEp=1.000
Hospitalization®
No 40 (66.7) 48 (80.0) “ test” p=0.099
Yes 20(333) 12 (20.0)
Length of hospitalization (N =20) (N=12)
Median (IQR) 4(2-7.5) 7 (6-10.5) "Utest” p=0.012
Min.—Max. 2-14 4-12

P-value significant when p <0.05
2There is no grade 1 or 2 in the CTCAE score system grading febrile neutropenia, and it was reported in the present study only in grade 3 [15]

b Extra days of hospitalization due to HDMTX-related toxicities

Discussion are approximately 80-90% [1]. Much of this improve-
Whereas the survival for pediatric ALL was 10-20% ment in survival can be attributed to developing the
50 years ago, today’s long-term overall survival rates most effective chemotherapy therapies, better disease
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Table 4 Comparison between patients with and without malnutrition according to commonly observed toxicities of the HDMTX

cycles (N =120)

Cycles in patients without malnutrition

Cycles in patients with malnutrition (N=32) p

(N=88)
N (%)
Hematological toxicities
Neutropenia
No 20 (22.7) 8(25.0) “y* test” p=0.795
Yes 68 (77.3) 24.(75.0)
G3-4 49 (55.7) 21(65.6) “ test” p=0.329
Anemia
No 18 (20.5) 10(313) " test’ p=0.216
Yes 70 (79.5) 22 (68.8)
G3-4 28(31.8) 7219 " test” p=0.289
Thrombocytopenia
No 61 (69.3) 22 (68.8) " test” p=0.952
Yes 27 (30.7) 10(31.3)
G3-4 15(17.0) 4(12.5) " test” p=0.546
Febrile neutropenia®
No 66 (75.0) 23(71.9) " test’ p=0.729
Yes 22 (25.0) 9(28.1)
Hepatic toxicity
Increased ALT
No 66 (75.0) 20 (62.5) " test’ p=0.179
Yes 22 (25.0) 12 (37.5)
G3-4 5 (5.7%) 1(3.1%) Fp=1.000
Increased AST
No 68 (77.3) 19 (59.4) “v’test’p=0.052
Yes 20 (22.7) 13 (40.6)
G3-4 3(3.4%) 1(3.1%) FEp=1.000
Gastrointestinal toxicity
Oral mucositis
No 59 (67.0) 17 (53.1) "y test” p=0.162
Yes 29 (33.0) 15 (46.9)
G3-4 14 (15.9%) 6 (18.8%) "\ test’ p=0.783
Nephrotoxicity
Increased creatinine
No 60 (68.2) 20 (62.5) " test” p=0.559
Yes 28 (31.8) 12 (37.5)
G3-4 1(1.1%) 1(3.1%) Fp=0464

P-value significant when p <0.05

?There is no grades 1 or 2 in the CTCAE score system grading febrile neutropenia, and it was reported in the present study only in grade 3 [15]

risk stratification, and improved supportive care [2].
The present study’s most commonly encountered toxici-
ties in HDMTX cycles were hematological (neutropenia
and anemia), oral mucositis, increased serum creatinine,
thrombocytopenia, and increased ALT. These results
showed much resemblance to other studies, but with
varying frequencies [17, 18]. In the present study, except
for oral mucositis and length of hospitalization, toxicities

of HDMTX did not differ significantly between the 2.5
g/m? and the 5 g/m? HDMTX cycles. This agrees with
other studies [19, 20], confirming that irrespective of the
MTX dose, the toxicity of HDMTX was still comparable.
The present work was also consistent with other studies
reporting significantly reduced rates of oral mucositis
with 5 g/m? HDMTX compared to lower HDMTX doses
[21, 22]. This finding might be explained by the greater



Barakat et al. Journal of the Egyptian National Cancer Institute

cumulative LV dosages, and the more vigorous pre-
hydration procedures used in the 5 g/m* HDMTX when
compared to the lower HDMTX doses [21]. On the other
hand, hospitalization due to MTX toxicity was signifi-
cantly longer in the 5 g/m* HDMTX cycles than the 2.5
g/m?> HDMTX cycles. This may reflect that the toxicities
related to higher HDMTX doses needed a longer time to
resolve.

In agreement with the present study results, Reiss et al.
[5] had reported that hypoalbuminemia before HDMTX
infusion was associated with anemia in adults with leuke-
mia or lymphoma. They also observed that patients with
lower albumin levels (<3.4g/dL) had significantly longer
hospitalization.

In our study, anemia, thrombocytopenia, febrile neu-
tropenia, and oral mucositis were significantly more
frequent in HDMTX cycles with pre-infusion hypoal-
buminemia when compared to cycles with normal
pre-infusion albumin. Furthermore, pre-infusion hypoal-
buminemia was found to be associated with G3—4 anemia
and G3-4 thrombocytopenia. There was no significant
difference in pre-infusion hemoglobin levels or platelets
between cycles with and without hypoalbuminemia. The
higher toxicity rates with hypoalbuminemia could be
explained by the fact that low albumin levels are associ-
ated with delayed clearance of MTX with a potential
increase in the risk of toxicity [23].

On the other hand, no significant relationship could be
detected between pre-infusion hypoalbuminemia with
G3-4 neutropenia, hepatotoxicity, or nephrotoxicity.
Wiczer et al. [24] investigated variables that may con-
tribute to methotrexate-induced renal toxicity in adults
receiving HDMTX for treatment of leukemia or lym-
phoma, and they observed that low serum albumin (<3
g/dL) was a significant risk factor for nephrotoxicity. This
difference may be due to the higher cutoff value of albu-
min used in our study.

Recognized drug interactions may delay MTX clear-
ance and increase toxicity. Drugs that delay MTX renal
secretion through possible blockage of proximal trans-
porters are mainly involved in interactions that have a
major clinical impact (toxicity) and should be avoided.
Penicillin, NSAIDs, salicylic acid, and proton pump
inhibitors are examples of these medications [25]. The
presence of concomitant drugs during HDMTX infusion
and clearance in the present study was only reported in
7/120 (5.8%) of all HDMTX cycles. So, we were not able
to assess drug—drug interactions and the possible poten-
tiation of HDMTX toxicity.

The MTX,, level is particularly relevant for monitor-
ing after HDMTX as it reflects the steady-state con-
centration during infusion. Kataoka et al. [23] who
investigated 74 adults receiving HDMTX recommended
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MTX,, monitoring in patients with low albumin levels
(<3.7 g/dL) to detect high-peak MTX concentrations
that occurred as a result of delayed clearance. According
to the total XV protocol, target 24-h MTX steady-state
plasma concentrations are 33 and 65 pmol/L for the low
risk and the standard/high-risk arms, respectively [13].
In the present study, 5/15 (33.3%) and 2/15 (13.3%) of
patients who received HDMTX at 2.5 g/m? and 5 g/m?
had higher MTX,, levels than the targeted for this MTX
dose. Three out of the seven high MTX,, levels were
associated with pre-infusion hypoalbuminemia. Reiss
et al. [5] compared time to MTX clearance (defined as
the first documented time the MTX level <0.05 umol)
between patients with normal albumin levels and patients
with hypoalbuminemia and found that hypoalbuminemia
was significantly associated with longer MTX clearance
time (median 96 vs. 72 h, p=0.004).

Malnutrition (undernutrition, overweight, and obesity)
in children with cancer is associated with overall worse
outcomes from diagnosis to long-term survival [8]. In the
current study, 2/30 (6.7%), 4/30 (13.3%), and 2/30 (6.7%)
of children were underweight, overweight, and obese,
respectively. These percentages are higher than that
reported in a multi-center study conducted by the Mid-
dle East Childhood Cancer Alliance [26], where 0.5% and
3.1% of children with ALL were underweight and obese
at diagnosis, respectively. Nevertheless, the BMI Z-scores
calculated in the present study were based on weights
measured after steroid therapy in the induction phase.

Seki et al. [27] observed that weight gain is often
observed in children with ALL who undergo chemother-
apeutic treatment, including steroids. Although it may be
thought a transient phenomenon, Withycombe et al. [28]
found that the increase of BMI Z-scores during induc-
tion was an independent predictor of obesity at the end
of therapy. A recent study identified obesity and large
size as new risk factors for delayed MTX elimination in
patients aged 10.2 to 19.2 years old treated with HDMTX
[29]. Interestingly, a study showed a negative association
between obesity and albumin level among children [30].
In the present study, there was no significant relationship
between hypoalbuminemia and the nutritional status of
patients indicated by BMI Z-scores. In addition, there
were no significant differences in HDMTX-related tox-
icities between malnourished patients and those without
malnutrition. These contradicting results may be due to
the small number of malnourished ALL children enrolled
in the present study.

The present study highlights the importance of opti-
mizing serum albumin levels of children once recognized
as future HDMTX candidates. A nutrition specialist
should be involved early in the multi-disciplinary team
treating children with ALL. Raising serum albumin can
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be gradually achieved by applying a proper nutritional
plan to avoid potential HDMTX toxicities [24]. Other
strategies of rapidly correcting serum albumin levels
using human serum albumin are not encouraged. The
majority of infused human serum albumin is redistrib-
uted into the extravascular space within 48 h, and there-
fore, it would be costly, temporary, and of uncertain
benefit [5].

On the other hand, the present study had some limita-
tions. First, we had a relatively small sample size, having
only 38 cycles with hypoalbuminemia. Second, plasma
MTX levels could not be estimated in all cycles and at
more time points post-HDMTX infusion due to the una-
vailability of the test at our center and its high cost.

Conclusion

In conclusion, pre-infusion hypoalbuminemia (serum
albumin <3.5 g/dL) was significantly associated with
more frequent HDMTX-related toxicities. Our findings
suggest that before starting HDMTX treatment in any
cycle, serum albumin levels should be checked, especially
in resource-limited settings where malnutrition is highly
prevalent, and serum MTX monitoring may not be avail-
able in a timely manner. Optimizing serum albumin for
HDMTX candidates may help decrease the frequency of
possible HDMTX toxicities.
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