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OVERWEIGHT AND OBESITY AS RISK FACTORS FOR CHEMOTHERAPY-INDUCED
HEPATOTOXICITY IN PATIENTS WITH ACUTE LYMPHOBLASTIC LEUKEMIA
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Obesity is one of the proven risk factors for all types of tumors and is one of the reasons for reducing the effectiveness
of specific chemotherapy and the development of chemotherapy-induced injury of liver. This article presents the results of
functional liver state monitoring in patients with acute lymphoblastic leukemia during remission induction chemotherapy, taking
into account the overweight and obesity. High toxicity of acute lymphoblastic leukemia chemotherapy regimens with a general
tendency to hypoproteinemia development has been demonstrated. The overweight and obesity potentiate cytostatic-induced liver
injury in patients with acute lymphoblastic leukemia with maximum risk in case of primary liver injury due to tumor exposure.

Key words: acute lymphoblastic leukemia, obesity, chemotherapy, L-asparaginase, liver injury.

I.M. Cxpunuuxk, I.C. MacJioBa, T.B. Jlumaneus

HAJUINMIIIKOBA BATA TA OKUPIHHSA
AK ®AKTOP PU3UKY HUTOCTATUK IHAYKOBAHUX YPAYKEHb IIEYIHKH
Y XBOPUX HA T'OCTPY JIMO®OBJIACTHY JJEMUKEMIIO

O>KUpIHHS HAJEKUTH O JOBEACHUX (HaKTOPIB PU3HKY PO3BUTKY BCIX BHIIB IyXJIMH, @ TAKOXK € OAHIEIO i3 MPUYMH
3HIDKeHHsI eheKTHBHOCTI creruidHoi XiMioTepariii, a TAKOXK PO3BUTKY XiMIOTEpaneBTHYHO iHIYKOBAaHUX YPakKeHb MEeUYiHKU. Y
JaHiil cTaTTi HaBeAEHI Pe3yJIbTaTH CIIOCTEPEKEHHs 3a (PYHKLIOHAJBHHM CTAHOM IEUYiHKMA Y XBOPHX Ha ToCTpy JimMdobnacTHy
JelKeMilo y IUHaMIIi iHAyKOii peMicii 3 ypaxyBaHHSIM HaaMipHOI Baru i oxxupiHas. [IpogeMOHCTPOBaHO BHCOKY TOKCHYHICTh
cxeM XimioTepamii roctpux JimMdoOiacTHHX JeHKeMil i3 3arallbHOI0 TEHACHIIEI0 PO3BHUTKY rinompoteinemii. HagMipaa Bara i
OKHPIHHS NOTEHI[IIOIOTh PO3BUTOK IIUTOCTATHKIHAYKOBAHUX YPa)kKeHb NEYIHKU Y XBOPHX HA TOCTPY JiM(IOIacTHy JeHkeMilo i3

MaKCHMaJbHUM PU3HKOM 33 YMOB IIEPBHHHUX YPaXKCHb MEYiHKH, 3yMOBJICHUX BIUIMBOM ITyXJIHHH.
KurouoBi ciioBa: roctpa nimdoobnactHa seiikemist, 0xkupiHHs, XiMioTepartisi, L-acnaparinasa, ypaxeHHs MeYiHKu.

The study is a fragment of the research project “Improvement of diagnostic methods, treatment and prophylaxis of
internal organs drug induced lesions”, state registration No 0121U113862.

In recent decades, there has been a global trend toward increasing the number of overweight and
obese people. According to modern research, obesity is associated with an increased incidence of
leukaemias in adults [2, 3, 6, 7]. Obesity has not been shown to affect the risk of developing acute
lymphoblastic leukemia (ALL) in children. However, the presence of obesity leads to aggravation in overall
and relapse-free survival in patients with ALL, both adults and children [3, 6, 12, 14]. It has been proven
that children with obesity and ALL have a 50 % increased risk of recurrence compared to children with
normal body weight [7].
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An important mechanism of carcinogenesis in obese patients is chronic inflammation [9].
Adipocytes are able to produce proinflammatory cytokines such as interleukin (IL)-1b, IL-6, IL-7 and
tumor necrosis factor, which leads to systemic inflammation and potentiates tumor development. Thus,
high levels of IL-7 are observed in patients with T-cell ALL and are associated with resistance to
glucocorticoids and cytostatics [6].

The optimal dose of chemotherapeutic drugs, included in the treatment regimens of cancer patients,
is justified and confirmed by the results of randomized clinical trials. Strict adherence to doses and
regimens of cytostatics can ensure the achievement of clinical and hematological remission, reduce the risk
of early and late relapse in patients with ALL [11, 12]. In adult patients, the calculation of the chemotherapy
(CT) doses is based on the body surface area (BSA). Numerous studies have shown convincing evidence
of the impact of reducing the standard dose on the overall and relapse-free survival of cancer patients.
During CT in obese patients in 40 % of cases, the calculation of the cytostatic dose is not based on actual
weight. In this category of patients, physicians continue to use ideal body weight or adjusted body weight,
namely 2.0 m?, when assessing BSA, which is a significant risk factor for failing to respond to specific
treatment. This tactic is due to the high probability of cytostatic-induced injury, which may be a limiting
factor for CT [9, 10, 13, 15]. From this point of view, it is especially important to determine the risk factors
for liver injury in the dynamics of specific therapy, separating the impact of oncohematological disease,
obesity and the action of cytostatic drugs.

The purpose of the study was to assess the frequency and character of liver injury during remission
induction chemotherapy in acute lymphoblastic leukemia patients with overweight and obesity.

Materials and methods. We examined 20 patients with newly diagnosed acute leukemia (AL),
who were treated in the hematology department of PE “Poltava Regional Clinical Hospital n.a. M.V.
Sklifosovsky of Poltava Regional Council” since 2015 till 2019. The cohort consisted of 55 % (11/20)
males and 44 % (9/20) females. The general patient’s condition by ECOG was I-II, and according to
Karnofsky performance status scale — 60-80 %. The study included 20 patients with ALL L1, L2 variants
according to the FAB classification [4, 8]. The BMI was calculated for all of them initially by the formula:
BMI = weight (kg) / height (m?). According to the European Guidelines for Obesity Management in Adults,
the patient’s BMI was assessed: BMI in the range of 18.5-24.9 kg/m? was considered normal, and >25.0
kg/m? — overweight. Depending on the BMI, patients with ALL were further divided into groups:

I (n=10) — ALL patients with BMI 18.5-24.9 kg/m?;

I (n=10) — ALL patients with BMI >25.0 kg/m?.

All patients received CT in accordance with the Ministry of Health of Ukraine guidelines No. 647
from 30 Jul 2010. Patients with ALL underwent CT according to protocols GMALL 04/89 (D. Hoelzer) or
BFM, the first remission induction phase (prednisolone, doxorubicin, vincristine, L-asparaginase) and the
second remission induction phase (cyclophosphamide, cytarabine, 6-mercaptopurine) [4, 8].

The biochemical blood test parameters of all patients were evaluated twice: before CT and on the
56™ day: alanine (ALT), asparagine (AST) aminotransferases, gammaglutamyltranspeptidase (GGT),
alkaline phosphatase (ALP), total serum protein, and total bilirubin. The severity of cytostatic-induced
hepatotoxic reactions was assessed by Common Terminology Criteria for Adverse Events (CTCAE).

The control group consisted of 20 healthy individuals (9 (45 %) women and 11 (55 %) men, age
22-26 years.

Statistical data analysis was performed on a Pentium 4 personal computer using Excel spreadsheets
Microsoft Office — 2000 (USA). The Shapiro-Wilk test was used to verify the data distribution normality.
The study results were processed by the Student-Fisher variation statistics method. Under normal
distribution conditions, tables of Student's critical distribution points according to criteria (t) and (p) were
used. The average value for each variation series (M) and its error (m) were calculated. Nonparametric
study results were calculated by Wilcoxon (W). The relationship between the studied parameters was
evaluated using Pearson correlation analysis (r). Relative risk analysis was performed by calculating the
risk ratio (RR) and its 95 % confidence interval (CI). Used the formula: RR=A (C+D) / C(A+B), where A,
B, C, D is the number of observations in the coupling table.

Results of the study and their discussion. Against the background of a detailed clinical picture
in ALL patients with overweight and obesity increased frequency and severity of cytostatic-induced
hepatotoxic reactions was observed.

At baseline the liver injury was detected in 60 % (6/10) of patients of group I with ALL and normal
BMI (2 people had a mixed syndrome, 2 — cholestatic, 1 — cytolytic syndrome, and in 1 patient a decreased
total protein in the blood serum was noticed) (Table 2). Before CT in patients of group I, the activity of
ALT in the blood serum was 2.4-fold higher (p=0.04), AST — 1.7-fold (p=0.01), GGT — 2-fold (p=0.002)
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and ALP - 1.8-fold (p=0.002) higher compared to the norm (table 1). The total protein and total bilirubin
contents in the blood serum of group I patients did not significantly differ from almost healthy individuals

(p>0.05).
Table 1
The biochemical blood analysis parameters in ALL patients during CT
1 (n=10) 11 (n=10)
Parameters Almost healthy
Before CT After CT Before CT After CT
ALT, U/l 14.65+1.03 35.60+7.66 71.71+18.19 48.70+9.47 91.90+22.44
95 % CI112.50— 95 % CI118.27- 95 % CI130.56— 95 % C127.27- 95 % C141.13—
16.80 52.93 112.9 70.13 142.7
P p1>0.05 p2=0.04 p3=0.009 p1>0.05 p2=0.03 p3=0.002
AST, U/l 18.75+0.83 32.96+5.12 32.50+5.28 43.1048.63 47.10+20.96
95% CI 17.01- 95 % CI121.37- 95 % CI20.56— 95 % CI23.58- 95 % CI117.03—
20.49 44.55 44 .44 62.62 94.51
P p1>0.05 p2=0.01 p3=0.01 p1>0.05 p2=0.02 p3=0.03
Total 14.65+1.03 71.11£2.06 62.7243.79 71.49+2.27 61.69+2.21
protein, g/1 95% CI 12.50— 95 % CI 66.44— 95 % CI54.13— 95 % CI 66.35— 95 % CI 56.69—
16.80 75.78 71.31 76.63 66.69
P p1=0.04 p2>0.05 p3=0.04 p1=0.009 p2>0.05 p3=0.01
GGT, U/l 21.10£0.47 42.20+4.10 102.6+21.23 77.90£22.59 132.84+20.96
95 % C120.11- 95 % CI32.92— 95 % CI 54.57- 95 % C126.81- 95 % CI 85.39—
22.09 51.48 150.6 129.0 180.2
P p1=0.01 p2=0.002 p3=0.005 p1>0.05 p2=0.003 p3=0.002
ALP, U/l 61.3544.31 109.1+£16.56 142.8+£18.23 111.9£12.20 205.3+56.64
95 % CI152.34— 95 % C197.82— 95 % CI1101.6— 95 % CI 84.30— 95 % C177.17-
70.36 173.4 184.0 139.5 333.4
P p1>0.05 p2=0.002 p3=0.002 p1>0.05 p2=0.02 p3=0.003
Total 9.80+0.63 8.23%1.72 15.63+3.85 14.68+2.15 21.0245.61
bilirubin, 95 % CI18.48— | 95 % C14.34-12.12 95 % C16.92— 95 % CI19.81- 95 % C18.32-33.72
umol/l 11.12 24.34 19.55
p p1=0.04 p2>0.05 p3>0.05 p1>0.05 p2>0.05 p3>0.05

Note: p1 — the significant difference between the pre- and post-CT values in group I and II; p> — the significant difference
between parameters in groups I and II before CT and almost healthy; ps — the significant difference between parameters in groups I and II
after CT and almost healthy.

The liver injury was detected in 40% (4/10) of overweight and obese ALL patients of group II at
initial examination (3 of them had cytolytic syndrome, 1 — mixed) (table 2).

Table 2
The incidence and relative risk of cytostatic-induced hepatotoxic reactions in ALL patients
I (n=10) II (n=10)

Parameters Before CT After CT Before CT After CT
(number of (number of (number of (number of
patients, %) patients, %) patients, %) patients, %)

ALT, U/l 3 (30 %) 7 (70 %) 4 (40 %) 6 (60 %)
RR (95 % CI) RR=2.33; 95 % CI=0.83-6.54; p>0.05 RR=1.00; 95 % CI=0.48-2.05; p>0.05

AST, U/ 1 (10 %) ‘ 1 (10 %) 4 (40 %) ‘ 2 (20 %)
RR (95 % CI) - RR=0.50; 95 % CI=0.11-2.14; p>0.05

Total protein, g/l 1 (10 %) ‘ 5 (50 %) 2 (20 %) ‘ 6 (60 %)

RR (95 % CI)

RR=5.00; 95 % CI=0.70-35.49; p>0.05

RR=3.00; 95 % CI=0.78-11.44; p>0.05

GGT, U/l 2 (20 %) ‘ 9 (90 %) 7 (70 %) ‘ 9 (90 %)
RR (95 % CI) RR=4.50; 95 % CI=1.28-15.81; p<0.05 RR=1.28; 95 % CI1=0.81-2.03; p>0.05
ALP, U/ 3 (30 %) ‘ 4 (40 %) 3 (30 %) ‘ 5 (50 %)
RR (95 % CI) RR=1.33; 95 % CI=0.39-4.48; p>0.05 RR=1.67; 95 % CI1=0.54-5.17; p>0.05
Total bilirubin, pmol/l 1 (10 %) ‘ 3 (30 %) 1 (10 %) ‘ 4 (40 %)

RR (95 % CI)

RR=3.00; CI=0.37-24.17; p>0.05

RR=4.00; 95 % CI1=0.53-29.8; p>0.05

Note: p — relative risk significant difference

The total protein and total bilirubin contents in the blood serum of group II patients did not
significantly differ from almost healthy individuals (p> 0.05). However, the ALT, AST, GGT and ALP
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activity in the blood serum of these patients before CT was 3.3-fold higher (p=0.02), 2.3-fold (p=0.02),
3.7-fold (p=0.003) and 1.8-fold (p=0.02) higher, respectively, compared with the norm.

After the first and second phases of remission induction CT in group I liver injury was recorded in
90 % (9/10) of patients (7 people had a mixed syndrome, 2 — cholestatic syndrome), and 55.6 % (5/9) of
them revealed a decreased serum total protein level. The overall risk of liver injury associated with CT in
patients of group I did not significantly increase (RR=1.50; 95 % SI1=0.87-2.59; p>0.05). All indices were
within the grade I toxicity limits according to CTCAE.

The ALT, AST and ALP activity in the blood serum of group I patients after CT exceeded the norm
by 4.9 times (p=0.009), by 1.7 times (p=0.01) and by 2.3 times (p=0.002) respectively, without significant
changes compared to baseline (p>0.05).

However, after remission induction CT in patients of group I decreased level of serum total protein
was revealed: 1.13-fold lower (p=0.04) compared with the initial examination and 1.2-fold lower (p=0.04)
compared with almost healthy. The risk of hypoproteinemia development during CT depended on the
primary level of serum total protein in patients with ALL and normal BMI. There was a direct correlation
between the serum total protein before and after induction CT in patients of group I (r=+0.8; p=0.005 by
Pearson).

Induction CT in patients of group I with ALL and normal BMI is the risk factor for increased GGT
activity (RR=4.50; 95% SI=1.28-15.81; p<0.05). On the 56™ day, the serum GGT activity in patients of
group I increased 2.4 times (p=0.005) compared with the baseline and in 4.8 times (p=0.005) compared
with almost healthy individuals. Simultaneously, the total serum bilirubin content increased in 1.9 times
(p=0.04) after induction CT in patients of group I compared with the initial examination. The risk of
hyperbilirubinemia development during CT depended on the primary level of total serum bilirubin in
patients with ALL and normal BMI. There was a direct correlation between the total bilirubin in the blood
serum before and after CT in patients of group I (r=+0.66; p=0.04 by Pearson).

The overweight and obesity presence in patients with ALL of group II contributed to an increase
in the frequency of the hepatotoxic reaction and their severity according to CTCAE. After CT, liver injury
was detected in 9 (90 %) patients of group II (2 of them had the cytolytic syndrome, 5 — mixed syndrome,
and 2 — had cholestatic syndrome). CT was a risk factor for cytostatic-induced hepatotoxic reactions in
patients with overweight and obesity (RR=2.25; 95 % SI=1.02-4.94; p<0.05). In addition, after CT in 3
patients of group II, ALT activity was recorded at the level of grade Il by CTCAE, other indicators did not
exceed grade I toxicity by CTCAE.

On the 56" day of treatment in patients of group II, the ALT, AST, GGT and APL activity exceeded
the norm by 6.3 times (p=0.003), by 2.5 times (p=0.03), by 6.3 times (p=0.002) and by 3.3 times (p=0.003),
respectively, without significant differences compared to the baseline data.

It is important that the ALL induction CT was accompanied by a decrease in serum total protein in
1.18 times (p=0.009) compared with the initial examination and 1.18 times (p=0.01) compared with almost
healthy individuals. In patients of group II after remission induction treatment an association of increased
GGT activity and hypoproteinemia development was revealed, which is confirmed by the inverse
correlation between GGT activity and the total protein content in the blood serum (r=-0.71; p=0.01 by
Pearson).

There were no significant changes in the total serum bilirubin on the 56™ day of treatment in
patients of group II compared with the baseline (p>0.05). However, there was a direct correlation between
the ALP activity and the total serum bilirubin in patients with ALL of group II after CT (r=+0.69; p=0.02
by Pearson).

Thus, the detailed clinical picture of ALL was associated with an increased risk of impaired
biochemical liver tests in patients with normal BMI, as well as against the background of overweight and
obesity. We can explain this fact by the influence of oncohematological disease, namely intoxication, tumor
infiltration of the liver tissue. Our results coincide with the data of other researchers, which confirm the
high risk injury of the body organs and systems due to cancer progression, including the manifesto of ALL
[6, 10, 13, 15].

Remission induction CT of ALL have high toxicity, which is confirmed by the increased frequency
and severity of biochemical liver tests violations. We have revealed a high risk of increased GGT activity
in patients with ALL with normal BMI and an increased overall risk of hepatotoxic reactions in overweight
and obese patients. Our results are consistent with the data of other researchers, which confirms the
increased risk of CT complications in cancer patients who are overweight and obese [2, 3,9, 11, 12, 14].

The pecularity of chemotherapy-induced liver injury in ALL patients is the hypoproteinemia
development. This is due to the action of L-asparaginase, which disrupts protein metabolism, reducing the
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availability of asparagine and glutamine for tumor cells. The main antitumor effect of L-asparaginase leads
in parallel to the formation of hypoproteinemia [1, 5]. It is important that the level of biochemical liver
tests after cytostatic therapy primarily depended on their baseline value, which must be taken into account
for supportive therapy in this category of patients.

1. Remission induction CT in ALL patients of group I decreased level of serum total protein was
revealed: 1.13-fold lower (p=0.04) compared with the initial examination and 1.2-fold lower (p=0.04)
compared with almost healthy.

2. The increased GGT activity after two induction CT cycles in patients of group I with ALL was
a risk factor for liver injury (RR=4.50; 95 % SI=1.28-15.81; p<0.05), the serum GGT activity in patients
increased in 2.4 times (p=0.005) compared with the baseline and in 4.8 times (p=0.005) compared with
almost healthy individuals.

3. The overweight and obesity potentiate the cytostatic-induced hepatotoxic reactions in ALL
patients (RR=2.25; 95 % SI1=1.02-4.94; p<0.05), this was confirmed by the ALT, AST, GGT and APL
activity, that exceeded the norm in 6.3 times (p=0.003), 2.5 times (p=0.03), 6.3 times (p=0.002) and 3.3
times (p=0.003), respectively, without significant differences compared to the baseline data.
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