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Abstract

Background: Multiple acyl-CoA dehydrogenase deficiency (MAAD) is a rare metabolic disorder resulting from an
abnormality in fatty acid oxidation. There are three types of presentations: neonatal onset with or without
congenital anomalies and the late-onset type. There is much clinical heterogeneity in the presentation of late-onset
variants; hence, the diagnosis is often delayed or missed.

Case presentation: Here, we report the successful management of a 41-year-old female with late-onset MAAD due
to mutation in the ETFDH gene who presented with carcinoma of the breast. Chemotherapy was challenging
because there were no previous reports regarding the treatment of such cases.

Conclusion: The diagnosis was made based on metabolic workup and gene mutation analysis. Unplanned surgery
and chemotherapy can be fatal in these patients due to metabolic complications. With proper precautions and
monitoring, the patient tolerated surgery and chemotherapy without any complications.
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Background
Multiple acyl-CoA dehydrogenase deficiency (MADD,
OMIM #231680) glutaric acidemia type II is a rare meta-
bolic disorder [1]. MAAD is an autosomal-recessive dis-
order of fatty acid oxidation resulting from defects in
electron transfer flavoprotein (ETF) or electron transfer
flavoprotein dehydrogenase (ETFDH) [2]. There are
three types of presentations: neonatal onset with or
without congenital anomalies and the late-onset type [3].
MAAD may present as a severe neonatal-onset form
with congenital anomalies (type I) or without congenital
anomalies (type II). Type III is the most common pres-
entation, and it can present from infancy to adulthood.
The age of onset is highly variable. In an analysis of 350
individuals with late-onset MADD, the mean age at
diagnosis was 17.6 years (range of 0.13 to 69 years) [3].

Clinical presentation is also very variable—from asymp-
tomatic adults to fatal metabolic crisis during infancy.
The most common symptoms are muscle weakness,
exercise intolerance, and rhabdomyolysis [4]. Rarely, in-
dividuals with late-onset MAAD develop sensory neur-
opathy. One-third of patients develop acute metabolic
decompensation. Diagnostic delays are common and
often missed because of the highly variable clinical pres-
entation. Early accurate diagnosis is important because
late-onset MAAD is a treatable disorder, and a missed
diagnosis can be fatal due to severe metabolic acidosis.
Here, we report the successful management of breast
cancer in a 41-year-old female who had late-onset
MADD. The incidental occurrence of malignancy in a
patient with MADD, which poses challenges in the man-
agement of cancer, has not been reported previously.
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Case presentation
We report the case of a 41-year-old married female of
South Indian origin, the third born to nonconsanguineous
parents, with MADD who presented with carcinoma of
the right breast. Her male sibling had been diagnosed with
MADD in 2015 (at the age of 45 years) when he presented
with acute hepatic encephalopathy and renal failure, re-
quiring intensive care and ventilatory support. The
prompt diagnosis of MADD by metabolic assay turned
out to be life-saving for the sibling. In the wake of this
genetic diagnosis, his siblings were also evaluated thor-
oughly. Our patient had a history of nonspecific symptoms
such as tiredness and occasional vomiting from the age of
8 years. Laboratory investigations showed increased creat-
ine phosphokinase (CPK) with mildly elevated liver en-
zymes. Similar to that of her brother, her tandem mass
spectrometry (TMS) of blood showed a low free/acylcarni-
tine ratio and an acylcarnitine profile suggestive of

MADD, with elevated C6, C8, C10, C10:1, C12, and C14,
C14:1 (Table 1). Gas chromatography-mass spectrometry
(GC-MS) of urine showed a small peak of glutaric acid
and 2-hydroxyglutaric acid with the presence of ethylma-
lonic acid and isobutyrylglycine and elevated hexanoylgly-
cine, again indicating MADD. Mutational analysis of the
family revealed both of these siblings to be homozygotes
for the c.226G>A (p.A76T) variant of the ETFDH gene.
She was started on oral riboflavin and carnitine sup-

plementation. She was encouraged to reduce fat in her
diet and simultaneously increase carbohydrate intake.
She responded well to treatment, and within a few
weeks, her biochemical parameters, including CPK, liver
function test (LFT) and carnitine/acylcarnitine profile,
all reached baseline. From then onwards, she was regu-
larly monitored, ensuring normal clinical and biochem-
ical profiles to prevent an acute crisis similar to that in
her brother.

Table 1 Serum acylcarnitine profile at diagnosis (TMS)

Acylcarnitines Values (μmol/L) Cut-offsa (μmol/L) Ratios Values Cut-offsa

1 C 2 10.42 25.0 C3/C0 0.20

2 C 3 0.66 6.00a C3/C2 0.20

3 C 3DC 0.02 0.30a C3/C16 3.50

4 C 4 0.39 1.30a C4/C2 0.10

5 C 4-OH 0.01 0.65a C4/C3 0.70

6 C 4DC 0.13 0.63

7 C 5 0.47 0.70a C5/C2 0.05

8 C 5-OH 0.12 0.90a C5-OH/C2 0.04

9 C 5:1 0.01 0.25a C5:1/C2 0.20

10 C 5 DC 0.10 0.35a C5DC/C2 0.02

11 C 6 0.75 0.45a C5DC/C12

12 C6 OH 0.13 0.35

13 C 8 1.85 0.45a C8/C2 0.18 0.03

14 C 10 3.69 0.45a C10:1/C2

15 C 10:1 0.26 0.30a

16 C 10:2 0.02 0.15a

17 C 12 2.84 0.50

18 C 14 1.58 0.80a C14/C2 0.15 0.03

19 C 14:1 0.96 0.60a C14:1/C16 0.38 0.30

20 C14:2 0.15 0.15

21 C 16 2.24 7.50a

22 C 16-OH 0.02 0.15a C16-OH/C2 0.01

23 C 18 1.02 2.50a C18:1/C2 0.15

24 C 18-OH 0.01 0.10a

25 C 18: 1 1.58 3.50a C18-OH/C2 0.10

26 C 18: 1-OH 0.02 0.16 C18:1OH/C2 0.01

Total 29.45

Elevated C6, C8, C10, C10:1, C 12, C14, C14:1, suggestive of multiple acyl-CoA dehydrogenase deficiency (GA type II)
aCDC cut-offs, 2013
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In February 2019, she presented to the oncology out-
patient department with a lump in the right breast.
There was no family history of breast cancer. Systemic
examination was normal. There was no hepatomegaly.
She underwent a modified radical mastectomy in March
2019. During the intra- and postoperative period, special
care was taken to prevent hypoglycemia and acidosis
with close monitoring of blood sugar and arterial blood
gas (ABG) levels. Glucose infusion was given to keep her
blood sugar levels at > 100 mg/dl. She recovered without
any complications. Histopathological analysis revealed
infiltrating mammary carcinoma, grade 3; pTNM-pT1c
N1 M0. Immunohistochemical analysis showed estrogen
receptor (ER) moderate positivity in 50–60% of cells,
progesterone receptor (PR) moderate positivity in 50–
60% of cells, Her2 negativity and Ki67 positivity in 40%
of cells. BRCA mutation analysis showed two heterozy-
gous “variants of uncertain significance” (VUS): one
“VUS” was detected in exon 19 of the BRCA2 gene, and
another “VUS” was detected in exon 4 of the PALB2
gene. She had 4 cycles of adjuvant chemotherapy with
docetaxel and cyclophosphamide and completed radio-
therapy in July 2019. Anthracycline-containing drugs
were avoided, as individuals with late-onset MAAD are
prone to develop cardiomyopathy.
The problems that we expected in addition to the

metabolic complications were mainly chemotherapy-
induced vomiting and neutropenia-related sepsis.
Therefore, she was instructed to take more fluid and
eat a carbohydrate-rich diet. However, her blood sugar
was always in the low-to-normal range (70–90 mg/dl
range). Therefore, she was given 1 L of 10% dextrose
before chemotherapy infusions, and her blood sugar,
carnitine (Table 2), and ABG levels were monitored.
Additionally, a strong antiemetic regimen (aprepitant,
palonosetron, dexamethasone, and olanzapine) was
given to prevent chemotherapy-induced nausea and
vomiting. To prevent neutropenia, prophylactic gran-
ulocyte colony-stimulating factor (G-CSF) was given.
Riboflavin and carnitine were continued. With this regi-
men, she tolerated the chemotherapy well (with only
grade 2 nausea). No special care was needed during ra-
diation therapy, as it was directed to the chest wall, and
systemic side effects were not expected. Currently, she
is on tamoxifen and was doing well during the last 14
months of follow-up.

Discussion
Inborn errors of metabolism (IEM) associated with ma-
lignancies are sometimes defined as a probable causative
factor or a coincidence. The following are ways in which
IEM can predispose patients to malignancies: (i) mito-
chondrial dysfunction (e.g., myoclonic epilepsy associ-
ated with ragged red fibers (MERRF)—multiple familial
lipomas); (ii) the accumulation of toxins (e.g., Gaucher’s
disease type 1—multiple myeloma and leukemia;
hemochromatosis—hepatocellular carcinoma); (iii) the
generation of oncometabolites (e.g., fumarate hydratase
mutation—hereditary leiomyomatosis and renal cell can-
cer syndrome; succinate dehydrogenase deficiency—pul-
monary chondromas, hereditary paragangliomas, gastric
stromal tumors, renal tumours, and pheochromocyto-
mas); and (iv) metabolic rewiring (e.g., glycogen storage
disease—hepatocellular carcinoma) [5]. There are re-
ports of glutaric acidemia type I-associated brain tumors,
such as medulloblastoma and glioblastoma [6]. However,
there are no reports of malignancies occurring in pa-
tients with glutaric acidemia type II or MAAD.
The diagnosis of MADD in our patient was confirmed

by the presence of elevated acylcarnitine levels in the
blood, along with increased excretion of multiple organic
acids in urine, as reported previously [4]. The vast ma-
jority of the mutations (93%) occur in the ETFDH gene
[3]. The c.250G>A mutation is the most common muta-
tion (28.1%) in reported cases, followed by c.770A>G
(12.9%), c.1227A>C (8.9%), and c.1130 T>C (6.3%) [7].
Most of these cases are reported from Southeast Asia.
There are only a few reports from India [8, 9]. Genetic
studies were not done in these cases. Our patient had
the c.226G>A (p.A76T) variant of the ETFDH gene. This
appears to be a novel variant. Previously, a mutation in
the same nucleotide (c.226) and codon (p.76) of the
ETFDH gene was reported, but the amino acid substitu-
tion was different (Ala→Lys vs Ala→Ser and Ala→Thr)
[10]. The mainstay of management includes the limita-
tion of protein and fat in the diet and the avoidance of
prolonged fasting and high-dose riboflavin, carnitine,
and coenzyme Q10 supplements. As in our patient, the
vast majority of late-onset MADD patients respond very
well to riboflavin. Perioperative management includes
avoiding prolonged fasting, hypoglycemia, and acidosis
[4]. Supportive care during chemotherapy in such cases
is not known, but we could manage our patient’s

Table 2 Carnitine values before, during, and after chemotherapy

At the time of diagnosis Pre chemo values Post chemo values Current values Normal range

Total carnitine 56.14 μmol/L 50.56 μmol/L 55.28 μmol/L 53.46 μmol/L 20-87.7 μmol/L

Free carnitine 26.69 μmol/L 42.46 μmol/L 35.23 μmol/L 43.22 μmol/L 24.7-66.6 μmol/L

Acylcarnitine 29.45 μmol/L 8.1 μmol/L 20.05 μmol/L 10.24 μmol/L

Free/acyl ratio 0.91 5.24 1.76 4.22 >2.0

Pavithran et al. Egyptian Journal of Medical Human Genetics           (2020) 21:74 Page 3 of 4



condition by applying the same principles. Emergency
treatment includes hospitalization with intravenous fluid
containing 10% dextrose and bicarbonate therapy de-
pending on the metabolic status. The prognosis of pa-
tients with late-onset MADD is generally good.
However, 5% mortality has been reported from meta-
bolic decompensations [3].

Conclusion
This report describes the successful management (sur-
gery, chemotherapy, and radiotherapy) of a patient with
late-onset MAAD who developed breast cancer. The oc-
currence of malignancy in a patient with MADD has not
been reported previously, and our patient had a novel-
variant ETFDH gene mutation. Although MAAD is rare,
high awareness of this disease is needed among clini-
cians because late-onset presentation is common, and it
is a treatable disorder.
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