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Abstract

Asparaginase, an important treatment component for acute lymphoblastic leukemia (ALL), causes
severe hepatotoxicity in some patients. Levocarnitine is a mitochondrial co-factor that can
potentially ameliorate the mitochondrial toxicity of asparaginase. In this retrospective case series,
we describe the clinical presentation and management of six pediatric and young adult patients
(mean age 12.7, range 9-24 years) with ALL who developed Grade 3-4 hyperbilirubinemia
following administration of asparaginase as part of induction/re-induction therapy. Five of these
patients were treated with levocarnitine with subsequent improvement of hyperbilirubinemia,
while one patient was given levocarnitine prophylactically during induction and developed Grade
3 hyperbilirubinemia, but did not require therapy adjustments or delays. Increased awareness

in the pediatric oncology community regarding asparaginase-associated hepatic toxicity and the
potential role of levocarnitine in management is warranted.
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Introduction

Asparaginase has been an integral component of multi-agent chemotherapy used in the
treatment of children with acute lymphoblastic leukemia (ALL). Although historically
asparaginase has been used less commonly in adults, its use in adult patients has

been increasing following reports of better treatment outcomes using pediatric-inspired
regimens that include asparaginase [1-4]. Toxicities commonly associated with asparaginase
therapy include allergy, hyperglycemia, coagulopathy, hyperammonemia, liver toxicity,
hypertriglyceridemia, and pancreatitis [5]. Toxicities that are severe enough (e.g.
anaphylaxis, hemorrhagic pancreatitis) may lead to discontinuation of asparaginase therapy.
Elimination of asparaginase therapy has been associated with worse outcomes, suggesting
that this chemotherapeutic agent remains critically important in the cure of patients with
ALL [6].

Asparaginase exerts its anti-leukemic effects by depleting circulating pools of asparagine
and, to a lesser extent, glutamine. Leukemia cells lack asparagine synthase and rely

solely on the host’s asparagine stores for protein synthesis [7]. Amino acid depletion

leads to reductions in protein synthesis, resulting in mitochondrial dysfunction, metabolic
stress, and generation of reactive oxygen species, ultimately causing apoptosis of leukemia
cells [8]. The duration of asparagine depletion depends on the drug preparation (native
Escherichia coliasparaginase, PEGylated £. coliasparaginase (PEG-asparaginase), or
Erwinia asparaginase) and form of administration (intravenous versus intramuscular). The
pharmacokinetics of each preparation are different, which affects the amount of time after
administration during which patients are at risk for adverse effects [9].

Asparaginase-induced liver toxicity ranges from mild elevation of bilirubin and/or
transaminases to fulminant hepatic failure, multi-organ dysfunction, and death [9]. Apart
from the morbidity and mortality associated with severe hepatic injury, this drug toxicity
can lead to subsequent chemotherapy delays. While the incidence of high-grade liver
toxicity is lower in pediatric patients compared to adults [1], serious cases in children

have been reported [9-11]. Presently, there is no standard of care for managing patients
with asparaginase-associated hepatotoxicity, although emerging evidence suggests that
levocarnitine (L-carnitine) may be a safe and effective therapy for asparaginase-induced liver
injury [12-16].

In this case series, we present six patients (five pediatric, one young adult) with

newly diagnosed or relapsed B-cell ALL; five of these patients developed Grade 4
hyperbilirubinemia following PEG-asparaginase and were treated with L-carnitine, and one
patient was given L-carnitine prophylactically. We describe their clinical characteristics and
course and review the literature regarding use of L-carnitine as prophylaxis or treatment of
asparaginase-associated liver injury (Table 1).
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All patients received PEG-asparaginase doses at 2500 1U/m? intravenously (1V) over 1-2 h,
with no maximum dose. Patients with newly diagnosed high risk (HR) B-ALL were treated
on the Children’s Oncology Group (COG) study AALL1131. Patient 4 with relapsed B-ALL
was treated on the COG study AALL1331 (Table 2). Table 3 contains details of carnitine
therapy for each patient. Institutional review board approval was obtained at each site for
data collection.

Reference ranges for lab values utilized in the text are as follows: total bilirubin 0.05—

0.6 mg/dL; conjugated bilirubin 0.1-0.3 mg/dL; aspartate aminotransferase (AST) 18-

36 units/L; alanine aminotransferase (ALT) 8-24 units/L; alkaline phosphatase (141-460
units/L); prothrombin time (PT) 11.8-14.5 s; partial thromboplastin time (PTT) 23-34 s;
lipase 4-39 units/L; ammonia 18-72 pmol/L. In all cases, the concern for asparaginase-
induced liver toxicity was a clinical diagnosis made based on hepatic/cholestatic
abnormalities that started after PEG-asparaginase administration with no other apparent
cause. “Baseline” refers to the most recent laboratory values prior to the administration of
PEG-asparaginase. For each patient, hyperbilirubinemia and transaminitis were assigned a
severity grade according to the National Cancer Institute Common Terminology Criteria for
Adverse Events, version 4.0.

Case descriptions

Case 1—Patient 1 was an 11-year-old Hispanic male with newly diagnosed HR B-ALL.
Baseline labs included total bilirubin 0.8 mg/dL, AST 188 units/L, AST 314 units/L, PT
13.5s, PTT 31.3 5. On Day 22 of induction (18 d after PEG-asparaginase), he presented
with weakness, peripheral edema, scleral icterus, jaundice, total bilirubin 16.6 mg/dL, and
conjugated bilirubin 11.3 mg/dL, consistent with Grade 4 hyperbilirubinemia. His AST (59
units/L) and ALT (140 units/L) had decreased, but PT/ PTT had risen to 17.0 and 41.6 s,
respectively. Lipase was normal (23 units/L). Day 22 vincristine and daunorubicin were held
secondary to hyperbilirubinemia. Abdominal CT showed diffuse hepatic steatosis and ascites
with mild pancreatic duct dilation but no pancreatic mass. Abdominal ultrasound showed no
thrombosis or signs of veno-occlusive disease.

L-carnitine therapy was started on Day 23 (50 mg/kg/d) and increased the next day (100
mg/kg/d) based on literature review. Lactulose and ursodiol were started on Days 24 and

25, respectively. Viral hepatitis testing was negative. PT/PTT rose to 23.4 and 57.7 s,
respectively, on Day 26. Bilirubin peaked on Day 26 (total bilirubin 24.3 mg/dL, conjugated
bilirubin 17.5 mg/dL). On Day 28, he developed altered mental status (peak ammonia 71
umol/L on Day 29) which resolved with supportive care. His end of induction (Day 29) bone
marrow evaluation demonstrated remission with no evidence of minimal residual disease
(MRD) by flow cytometry (<0.01% blasts). Over time the patient’s clinical status improved,;
bilirubin decreased beginning 4 d after the start of L-carnitine though never completely
normalized (total bilirubin nadir 9.7 mg/dL, conjugated 7.1 mg/dL on Day 42).

On Day 39 of therapy, the patient had worsening abdominal pain and elevated lipase
(70 units/L). Abdominal CT demonstrated a 34-cm pancreatic pseudocyst, managed non-
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surgically. His clinical status improved and, due to downtrending bilirubin, L-carnitine

and vitamin B complex therapy were discontinued by the treating physician on Day 41.
However, he had an increase in his abdominal pain 3 d later (Day 44) associated with

altered mental status and hypotension which prompted transfer to the pediatric intensive care
unit, intubation, and initiation of vasopressors. His labs had worsened including AST 6297
units/L, ALT 1918 units/L, ammonia 116 umol/L, PT 30.1s, PTT 79.9 s, lipase 435 units/L,
hemoglobin 5.9 g/dL (down from 8.2 g/dL less than 24 h prior), and WBC 78.2 x 103/uL
(flow cytometry confirmed absence of blasts). Abdominal CT showed hemorrhage into the
pancreatic pseudocyst. His clinical status continued to decline and he died on Day 45.

Case 2—Patient 2 was an 11-year-old Hispanic female with newly diagnosed HR B-ALL.
She was enrolled on an anti-coagulant (apixaban) supportive care study in addition to
AALL1131. Baseline labs included total bilirubin 1.0 mg/dL, AST 26 units/L, ALT 117
units/L, and normal PT/PTT. On Induction Day 17 (13 d after PEG-asparaginase), PT/PTT
were both unmeasurable (upper limit of detection 143.7 s for PT, 133.6 s for PTT) and
apixaban was stopped. PT/PTT downtrended to 14.0 and 43.4 s, respectively, on Day 18,
normalizing by Day 28. Bilirubin began to rise on Day 14 (10 d after PEG-asparaginase);
peak total bilirubin was 10.2 mg/dL with conjugated bilirubin 7.5 mg/dL on Day 25,
consistent with Grade 4 hyperbilirubinemia. Transaminases also rose (peak AST 108
units/L, ALT 257 units/L on Day 24). Vincristine and daunorubicin (Day 22) were held
due to hyperbilirubinemia.

Due to the rise in bilirubin and transaminases, L-carnitine was started on Day 27. Total
bilirubin had begun to downtrend just prior to the start of L-carnitine, but this trend became
more pronounced after its initiation; total bilirubin normalized over the next several weeks,
reaching <2 mg/dL on Day 46. AST/ALT normalized by Day 58. L-carnitine was continued
until 2 weeks after the next dose of PEG-asparaginase on Day 15 of consolidation therapy.
During this time, the maximum total bilirubin was 3.3 mg/dL with conjugated bilirubin
2.4 mg/dL. L-carnitine was resumed prophylactically on Day 40 of consolidation prior to
Day 43 PEG-asparaginase and continued through Day 56 during which time total bilirubin
peaked at 1.3 mg/ dL (Day 53). There were no hyperbilirubinemia-related therapy delays
during consolidation. The patient ultimately came off protocol due to persistent MRD after
consolidation and proceeded to hematopoietic stem cell transplant.

Case 3—Patient 3 was a 10-year-old Brazilian male diagnosed with HR B-ALL. Baseline
labs included total bilirubin 0.6 mg/dL, ALT 26 units/L. On Day 15 (11 d after PEG-
asparaginase), the patient presented with scleral icterus, total bilirubin 2.8 mg/dL, and
conjugated bilirubin 0.1 mg/dL. Increasing hyperbilirubinemia was noted over the next
several days (peak total bilirubin 42.4 mg/dL and conjugated bilirubin 28.1 mg/dL on Day
31, consistent with Grade 4 hyperbilirubinemia), along with elevated ALT (peak 216 units/L
on Day 31, consistent with Grade 3 transaminitis). Day 22 vincristine and daunorubicin were
held due to hyperbilirubinemia. Abdominal imaging showed hepatic steatosis without other
pathology.

Due to hyperbilirubinemia, consolidation therapy was delayed. L-carnitine was started on
Induction Day 33. Total bilirubin decreased from 39.3 mg/dL (Day 33) to 24.6 mg/dL after
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6 d of L-carnitine. Consolidation therapy was initiated on Day 40 after the start of Induction
and L-carnitine was continued; total bilirubin continued to decrease but did not fall below

2 mg/dL until Day 20 of Consolidation. The patient did not receive Consolidation Day 15
PEG-asparaginase due to hyperbilirubinemia but did receive future doses as scheduled. The
treating clinician elected to continue the patient on oral L-carnitine therapy through the end
of delayed intensification. He successfully tolerated subsequent doses of PEG-asparaginase
while on L-carnitine prophylaxis with a maximum total bilirubin of 1.5 mg/dL.

Case 4—Patient 4 was a 9-year-old Caucasian female with relapsed B-ALL. Total

bilirubin at the time of relapse was 0.2 mg/dL. On re-Induction Day 15 (12 d after PEG-
asparaginase), her total bilirubin had risen to 1.6 mg/dL and continued to rise over the next
week (total bilirubin peaked at 6.7 mg/dL and conjugated bilirubin at 5.9 mg/dL on Day 22).
Transaminitis was noted on Day 22 (AST 366 units/L, ALT 832 units/L). Peak bilirubin and
transaminase values were consistent with Grade 4 and Grade 3—4 toxicity, respectively. Day
22 vincristine was held due to hyperbilirubinemia.

IV L-carnitine was started on Day 22 and continued for 5 d, then was replaced by oral
L-carnitine. Bilirubin and transaminase values gradually improved (total bilirubin 2.8 mg/dL,
conjugated bilirubin 1.5 mg/dL, AST 46 units/L, ALT 128 units/L on Day 29). By the time
the next PEG-asparaginase dose was due on Day 8 of Block 2 therapy, her total bilirubin
was 1.2 mg/dL and conjugated bilirubin 0.5 mg/dL. Oral L-carnitine was continued until 2
d prior to the Day 8 Block 2 PEG-asparaginase dose after which a combination of 1V and
oral L-carnitine were used around the time of PEG-asparaginase dosing (see Table 3 for
details). Maximum total bilirubin during the remainder of Block 2 therapy was 1.1 mg/dL
and no additional chemotherapy doses were held or adjusted. The patient received Erwinia
asparaginase, per protocol, during Block 3 therapy without L-carnitine and had no further
evidence of hepatotoxicity.

Case 5—Patient 5 was an 11-year-old Caucasian male who presented with newly
diagnosed HR B-ALL. Baseline labs included total bilirubin 0.4 mg/dL, conjugated bilirubin
0.1 mg/dL, AST 41 units/L, and ALT 23 units/L. A rise in total bilirubin was noted on Day
15 (11 d after PEG-asparaginase), peaking at 17.3 mg/dL with conjugated bilirubin 13.2
mg/dL on Day 25, consistent with Grade 4 hyperbilirubinemia. Transaminases also rose,
peaking at AST 144 units/L and ALT 303 units/L on Day 20. Ultrasound on Day 21 showed
increased liver size and echogenicity, most consistent with steatosis, with no other pathology
identified. Vincristine and daunorubicin (Day 22) were held due to hyperbilirubinemia.

L-carnitine was started on Day 25 due to hyperbilirubinemia and total bilirubin began

to downtrend (10.1 mg/dL on Day 28, 2.0 mg/dL on Day 40). For future doses of PEG-
asparaginase, he received oral L-carnitine prophylaxis for 1 week before and after each
dose without any hepatotoxicity. Maximum total bilirubin with future doses was 1.3 mg/dL
with conjugated bilirubin 0.1 mg/dL. He did not require any additional alterations to his
chemotherapy regimen.

Case 6—Patient 6 was a 24-year-old Hispanic male who presented with newly diagnosed
HR B-ALL. Due to his older age, obesity (BMI > 30), and moderate elevation of his AST
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(135 units/L) and ALT (92 units/L) at diagnosis, a liver ultrasound was performed which
confirmed hepatic steatosis. The patient was placed on oral L-carnitine prophylaxis on Day
1 of Induction therapy for prevention of asparaginase-associated hepatotoxicity. AST/ALT
normalized quickly after initiation of chemotherapy. PTT was mildly prolonged (39.1 s) at
diagnosis but normalized (30.1 s) by Day 3, prior to PEG-asparaginase.

On Induction Day 4, just prior to PEG-asparaginase, total bilirubin was 2.5 mg/dL and
conjugated bilirubin 0.6 mg/dL. By Day 7 (3 d after PEG-asparaginase), total bilirubin
had peaked at 4.0 mg/dL, conjugated bilirubin 1.3 mg/dL, consistent with Grade 3
hyperbilirubinemia. The patient remained on oral L-carnitine through Day 29 of Induction
therapy and was able to receive all scheduled chemotherapy without delays or dose
adjustments. After successfully completing induction and achieving complete remission
with MRD negativity, the patient proceeded to consolidation therapy including 14 d of
prophylactic L-carnitine starting the day of each PEG-asparaginase dose. Three scheduled
doses of PEG-asparaginase were administered without any evidence of hepatotoxicity. PEG-
asparaginase was held starting on Day 43 of delayed intensification due to pancreatitis but
he received all other chemotherapy as planned.

Discussion

Previous studies have reported elevation of transaminases and/or bilirubin following
asparaginase therapy in as many as 30-60% of patients with ALL [1]. Hepatic steatosis
has been demonstrated on liver biopsies from both pediatric and adult patients following
asparaginase therapy [17], with steatosis lasting for weeks to months [18]. Additionally,
there are case reports of severe liver toxicity occurring in adults with ALL [13-16,19-22],
with any degree of toxicity potentially causing delays in subsequent chemotherapy which
can affect clinical outcomes.

Asparaginase-induced hepatic toxicity occurs more frequently in overweight/obese patients
and in those of Hispanic ethnicity [2]. The relationship between obesity and chemotherapy-
induced hepatotoxicity has also been reported in pediatric ALL patients [23]. This
epidemiological finding is possibly related to high rates of non-alcoholic steatohepatitis
(NASH) in both Hispanic and obese patients [24], with the hypothesis that pre-existing
NASH predisposes patients to asparaginase-induced hepatotoxicity due to the finding

that patients with NASH have altered mitochondrial respiratory chain function, including
perturbations in carnitine shuttling [25]. In mice, obesity causes activation of maladaptive
pathways in hepatocytes in response to asparaginase-induced metabolic stress, leading to
reduced ability of the cells to be rescued from this stress by normal pathways [26]. Of

the patients described in this report, four of six (67%) were of Hispanic or Brazilian
ethnicity and five of six (83%) were obese per age-specific standards, consistent with these
associations.

Although the mechanism of asparaginase-induced liver toxicity is not clear, several
hypotheses have been proposed. Amino acid depletion, such as that occurring with
asparaginase therapy, causes metabolic stress in cells, preventing synthesis of vital
proteins and resulting in generation of reactive oxygen species that can trigger apoptosis.
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Mitochondrial stress due to reduced protein synthesis can lead to altered lipid metabolism
with accumulation of unoxidized fatty acids which are damaging to cells [1,5,8]. Drug-
induced mitochondrial dysfunction caused by amino acid depletion and resulting impairment
in energy production leads to microvesicular steatosis, hepatic necrosis, or apoptosis [27],
all of which may play a role in asparaginase-induced hepatotoxicity. It has been suggested
that the asparaginase-induced depletion of glutamine, rather than asparagine, is responsible
for hepatotoxicity, which is supported by reduced rates of hepatotoxicity in mice treated
with a preparation of asparaginase that has no glutaminase activity [28,29]. Asparagine
also regulates MRNA expression of critical signaling molecules, including those from

the Toll-like receptor (TLR) family (TLR4, IL-1 receptor-associated kinase 1, TNF-a
receptor-associated factor 6), nucleotide-binding oligomerisation domain (SOD) protein,
serine/threonine-protein kinase 2, and NF-kB p65 [30]. Patients with variant rs4880 in the
SOD2 gene, a key mitochondrial enzyme that protects cells against reactive stress, have
increased hepatotoxicity following asparaginase-based treatment [8].

Carnitine is an endogenous molecule that shuttles fatty acids into and out of mitochondria
and serves an important role in fatty acid oxidation and energy production under normal
conditions. During times of metabolic stress, such as amino acid depletion, accumulation
of mitochondrial organic acid intermediates can occur. Carnitine serves as a buffer for
these excessive organic acids and helps to maintain normal mitochondrial function and cell
viability under abnormal cellular conditions [31]. Through this buffering function, carnitine
may help to overcome the mitochondrial dysfunction that is believed to play a role in
asparaginase-induced hepatotoxicity.

L-carnitine has been used to treat patients with both primary and secondary carnitine
deficiencies. In addition, L-carnitine along with a vitamin B complex has been reported

to mitigate hepatotoxicity associated with chronic use of nucleoside reverse transcriptase
inhibitors [32,33]. L-carnitine has also been used for management of acute valproic acid
overdose in children [34,35] at doses of 90 mg/kg/d [34] to 150 mg/kg/d (maximum 3 g per
day) [35] IV for patients with evidence of hepatotoxicity. The product monograph suggests
dosing of 50-100 mg/kg/d (maximum 3 g per day), depending on clinical response, for
infants and children with inborn errors of metabolism [36].

The most common adverse effects of oral and IV L-carnitine are gastrointestinal (nausea,
vomiting, diarrhea, abdominal pain) [36-39]. For IV L-carnitine, a number of other adverse
effects from clinical trials in chronic hemodialysis patients have been reported, but it

is unclear how many of these are related to L-carnitine versus the patients’ underlying
disease [36]. Additional reported side effects from trials using oral L-carnitine include
musculoskeletal complaints, rash, fatigue, body odor, and headache [37-39].

L-carnitine reverses asparaginase-induced liver steatosis in rats [12], and case reports in adult
patients with ALL suggest efficacy against this toxicity [13-16]. Most of the patients in
these reports treated with L-carnitine had rapid reversal of their laboratory abnormalities

and normalization of their clinical status (Table 4). In the referenced studies, L-carnitine

was dosed IV at either 50 mg/kg/d [13,14,16] or 75 mg/kg/d [15], either alone [14] or
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in combination with a vitamin B complex [13,15,16]. However, these reports have been
exclusively in adult patients.

Recent studies in pediatric patients with ALL report asparaginase-associated hepatotoxicity
(Grade 3 or 4) in 4-8% of patients depending on the preparation of asparaginase given
[40-42]. However, there are no controlled studies published on the role of L-carnitine in

the treatment of asparaginase-induced liver toxicity. We are not aware of any case reports/
series on L-carnitine for this indication in children with ALL, but a retrospective analysis
of 15 adult patients with ALL treated at Moffitt Cancer Center (Tampa, FL) who received
L-carnitine prophylactically to prevent asparaginase-associated toxicity is underway (2017
personal communication, Bijal Shah and Leidy Isenalumhe).

The use of L-carnitine in patients with cancer has raised concerns for an anti-tumor effect;
however, several studies failed to show any tumor protective effect of L-carnitine in either
leukemia cells treated with asparaginase [12] or carcinoma cells treated with doxorubicin
[43], epirubicin [44], or mitoxantrone [45]. In mice, Niang et al. [45] found that L-carnitine
helped to overcome mitoxantrone resistance and actually improved the cytotoxicity of this
agent.

As demonstrated by the six pediatric and young adult patients in our series, liver toxicity
attributed to asparaginase therapy seems to be prominently related to obesity and/or
Hispanic ethnicity, although it can also occur in patients who do not fit these clinical criteria,
such as those with hepatic steatosis from another cause. In summary, L-carnitine was well
tolerated in all of our patients and, importantly, five patients showed improvement in their
degree of hyperbilirubinemia following initiation of L-carnitine as treatment and one patient
with risk factors for hepatotoxicity received L-carnitine prophylaxis and was able to receive
all chemotherapy as scheduled. Except for a single patient death from multi-organ failure, all
patients successfully proceeded to their next treatment phase and were able to tolerate future
doses of PEG-asparaginase. Pancreatic toxicity appears not to be preventable with carnitine
at the dose schedule used in our series since Patient 1 developed a pancreatic pseudocyst and
Patient 6 developed pancreatitis while receiving L-carnitine.

Based on our literature review and personal experience, we suggest the following regimen
for treatment of asparaginase-induced hepatotoxicity in patients with ALL: L-carnitine
loading dose of 100 mg/kg followed by maintenance dosing of 50 mg/kg/d divided every
8-12 h until laboratory values (e.g. bilirubin, ALT) normalize. If labs do not begin to
improve within 3 d on this regimen, or if the patient has a more severe presentation in terms
of laboratory abnormalities or clinical symptoms of hepatotoxicity, dosing of 100 mg/kg/d
(maximum 3 g per day) divided every 8-12 h should be considered. IV L-carnitine therapy is
considered most appropriate for initial management of hepatotoxicity. For prophylaxis, high-
risk patients could be given IV or oral L-carnitine at the same dosing as above throughout
induction therapy, when risk seems to be highest. Clinicians may consider using L-carnitine
for prophylaxis with future doses of PEG-asparaginase; however, no published data exist

to guide further management. Given the recent experience at Moffitt Cancer Center cited
above, this dosing regimen is expected to be effective and well tolerated in both pediatric
and adult patients. The role of vitamin B complex in conjunction with L-carnitine for
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this indication is unclear; given the number of studies which showed improvement with
carnitine alone, we suspect that L-carnitine is the more efficacious agent, though vitamin B
therapy has a low risk of adverse effects and could be considered for severe cases. Formal
studies into the role of L-carnitine in the prophylaxis or treatment of asparaginase-induced
hepatotoxicity in pediatric patients with ALL should be considered.
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Table 1.

Patient demographics.

Patient  Age (years) Sex  Ethnicity BMI (percentile)a
1 11 Male Hispanic 35.3(>99)
2 11 Female Hispanic 30 (96)
3 10 Male Brazilian 19.5 (81)
4 9 Female Caucasian 19.7 (91)
5 11 Male Caucasian 17.5 (50)
6 24 Male Hispanic 39.6 (>99)

BMI: body mass index.

a o . . . . . - -
For pediatric patients, the BMI percentile for age according to the Centers for Disease Control and Prevention (CDC) is listed. In pediatric
patients, obesity is defined as BMI greater than the 95th percentile for age; in adult patients, obesity is defined as BMI>30.
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